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| NTRODUCT! ON

The electro-acoustic inmttance audionetry has beconme an
inmportant addition to clinical audiological test equipnent.
Immittance audionetry is now an integral part of the «clinica
audi ol ogi cal test battery. At present there is much descriptive
information regarding the acoustic reflex (AR) response (Jerger
1970; Robertson et al. 1968; Northern and Downs, 1974; Jerger, et
al. 1974). Certain paraneters of the acoustic reflex are known
to change as its function of sone disease states (Jerger et al.
1974). The acoustic reflex has been studied as a sensitivity
indicator that <can be utilized to identify hearing-inpairnent
(Anderson et al. 1970; Colletti, 1974, 1975). Careful analysis
of the acoustic reflex gives objective information regarding
certain aspects of auditory function. More specifically, spatia
and tenporal patterns of auditory function can be nmeasured using

the acoustic reflex (Mller, 1974; Dallas, 1973).

Nunmerous investigators have collected data on the acoustic
reflex threshold (ART) in humans (Dallos, 1964; Peterson and
Liden, 197S; Jerger et al. 1974; Zw slocki, 1971). A general
statenent regarding such findings indicates that the ART varies
with the type and duration of acoustic stinmulus, as well as the
age of the subject (Dallos, 1964; Peterson and Liden 1972;
Ni emeyer and Kesterhenn, 1974; Jerger et al. 1974; Djupesland and
Zwi sl ocki, 1971; Wodford et al. 1975).
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While substantial nornmative data have been accunulated on
the acoustic reflex threshold, there has been little data on the
| atency paraneters of the acoustic reflex. Latencies will vary
as a function of the method by which the acoustic reflex
threshold is studied. Several definitions of the acoustic reflex
| atency have been suggested (Colletti, 1975; Sunderl and, 1974,
Strasser, 1975; Moller, 1962, 1974; Borg, 197S; Liden et al.
1974) . Latency, |ike acoustic reflex threshold, may be altered
by certain pathological condition of the auditory system (Noris,
1974; Col letti, 1975; Strasser, 1977). dinically a change in
atency may be pathognononic; if the change occurred prior to
onset of nore obvious synptom audiol ogical evaluation of |atency
par anmeters coul d provi de early di agnostic i nformation.
Consequently, there is a need for a wuniform and specific
definition of acoustic reflex latency paraneters in normal human

auditory systens.

The effect of the acoustic signal on the |latency paraneters
has not been thoroughly studied. Dallas (1964, 1973) found the
duration of the latent period was inversely proportional to the

strength of the acoustic stinulus.

Sunderland (1974) found that the |atency period increased as
the rise time of a 1000 Hz acoustic signal increased. There is
sone evidence that changes in the acoustic stinmulus affect

| atency val ues; however, nore information is needed.



The purpose of the study was to specify the acoustic reflex
|atency in humans with normal auditory systens, and to determ ne
if changes in stimulus on tinme alter latency paranmeters of the

acoustic reflex.



REVI EW OF LI TERATURE

The concept of inpedance was first applied to clinica
audiology by Mtz in 1946. | npedance was neasured wusing an
el ectro- mechani cal bri dge. Devel opnent of el ectroacoustic

i npedance bridges led to w despread use of inpedance audionetry
and acceptance of this technique as an integral part of the
clinical audiological test battery (Jerger, 1975). |npedance may
be defined as a conplex ratio of two vector quantities; force or
pressure and flow of energy. Any change in properties of the
mddle ear system is reflected by inpedance changes at the
tynmpani c nenbrane (Lilly, 197S). The el ectro-acoustic inpedance
bri dge measures changes in sound pressure level (SPL) within the
occluded ear canal. Any change in the volume of this closed
cavity results in a change in the SPL wthin the cavity.
Contraction of the intra-aural nuscles causes a change in the
acoustic transm ssion properties of the mddle ear resulting in a
change in acoustic properties of the occluded ear canal. The
subsequent change in SPL is recorded by a mcrophone in the
"closed cavity" and delivered to a wheat stone bridge circuit and
a voltage neter. The resulting deflection of the neter 1is a
recording of the intra-aural nuscle activity (Jerger, 1970

Kl ockhof f, 1961).

Acoustic inpedance neasurenents give an indirect indication

of changes in mddle ear inpedance (eg. nuscle contraction). It



has been established that this indirect neasure is a valid way of

studying mddle ear muscle reflex activity.

The acoustic reflex is a bilateral uncondi ti oned nuscle
reflex that occurs in response to loud acoustic stinuli. Upon
contraction the stapedius nmuscle pulls on the stapes resulting in
the inpedance change of the mddle ear system (Metz, 1946;
Jepsen, 1963) . Absence of the reflex 1is associated with
abnormalities in the peripheral and central auditory system The
work of Jepsen (1963) and Kl ockhoff has shown that contraction of
the stapedius nuscle alone in response to intense acoustic
stinmulus responsible for the change in inpedance at the tynpanic
menbrane in hunmans. Contraction of both the tensor tynpani
nmuscl e and the stapedius nuscle, nmay be elicited by non-acoustic
stimuli, such as tactile stinulation near the auricle, air jet
stimul ation, el ectric shock and anxiety arousal sti mul

(Kl ockhoff, 1961; Fee et al. 1975; Liden, et al. 1970).

Parameters of the acoustic reflex:

Acoustic reflex threshol d:

The acoustic reflex threshold varies wth the type of
acoustic stinulus and the age of the subject. A nunber of
studies have established that the ART for white noise is |ower
than the ART for pure tone stinmulation (Dallos, 1964; Peterson
and Liden, 197S; N eneyer and Sesterhenn, 1974; Jerger et al.
1974) .



Threshol d neasurements of the acoustic reflex in humans with
normal auditory function have denonstrated that the nmean ART
range is from84 dB to 96 dB SL for puretones, 250 Hz through
4000 Hz. Reflex thresholds have been found to be age dependent
and are elevated in young popul ations (new born to SO years) and
are reduced in older populations (60-80 years) (Jerger, 1972;
Habener and Sayder, 1974; Jerger, et al. 1974).

Studi es have established the utilization of the ART by
varying stinmulus type and intensity as a clinical tool for
predicting hearing threshold. Ni eneyer and Sesterhenn (1974)
conpared ART for white noise, pure tones and 24 pure tone
m xtures (one single tone at every critical band width) in norma
individuals and those with sensori-neural hearing |o0ss. The
aut hors suggested nethods for <calculating hearing thresholds
based on conparison of ART obtained utilizing different stinuli.
Jerger et al. (1974) in a subsequent study used the difference
between ART obtained with broad band filtered noise, and pure
tones to predict severity of loss (Eg. normal, mld-noderate,
severe, profound). Using this technique, it was possible to
ascertain information about the configuration of the audionetric
contour. This technique, as suggested by N eneyer and Sesterhenn
(1974) and by Jerger et al (1974) may have inportant potentia
application in testing infants and other difficult to test

patients.



Anplitude of the acoustic reflex

The anplitude of the acoustic reflex has dynam c range of 30
dB between threshold |level and saturation threshold. It is
both frequency and age dependent. Anplitude of the reflex is
greatest at SO00 Hz and |east at 4000 Hz. The population in the
age span of 20-40 year and exhibits the npbst consistent anplitude
frequenci es of 500, 1000, S000 and 4000 Hz (Jerger, 197S; Habener
and Snyder, 1974).

The extent of inpedance change at the tynpanic nenbrane when
measured by the acoustic inpedance bridge is a direct reflection

of the magnitude of the acoustic reflex.

Acoustic reflex decay

Decay of the acoustic reflex is the tinme, in seconds, that
is required for the response anplitude to be reduced by 50'/. The
preci se nechanism of decay 1is not known but the frequency
dependent characteristics of the acoustic reflex decay indicates
the nechanismin the afferent portion of the acoustic reflex arc
(Anderson et al. 1970) such decay has been shown to exist in
normal ears centered around 4000 Hz. However, it is wvirtually

non-exi stent at 500 and 1000 Hz (Habener and Snyder, 1974).
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Several researchers have shown that the 4000 Hz area of the
basilar nenbrane is the area nost sensitive to danage by noi se,
drugs and other ototoxic agents (Johnsson, 1971; Johnsson and
Hawki ns, 1972a, 197Sb). This may be a partial explanation for
abnormalities of the acoustic reflex at 4000 Hz in normal hearing
i ndi vidual . The reduction of neural elenents seen in such cases
in absence of any definable pathological state may explain reflex

decay in normal hearing individuals at 4000 Hz.

Rise time of the acoustic reflex.

A review of the bioacoustic literature regarding the rise
time of the acoustic reflex indicates that this paraneter has
been studied as part of the initial response of the acoustic
refl ex. Rise response to change from 10% to 90% of rmaximm
response anplitude. This same definition wll be wused to

describe the rise time of the acoustic reflex.

Colletti (1974, 1975) used a strip chart recorder connected
to the output of an inpedance bridge to study the acoustic reflex
in a normal and abnormal human popul ation. Colletti observed a
slow rise in sone patients wth multiple sclerosis. Thi s
alternation in rise time differs markedly from normal and
cochlear inpaired ears which exhibited a rapid rise tinme once

muscl e contraction began. This change in acoustic reflex rise



time should be studied further as it relates to acoustic reflex
| at ency. As such, it is nost inportant for it to be defined

accurately in a quantitative manner.

Acoustic reflex |atency

Latency is the tinme, in seconds, it takes for a biologica
system to respond to an appropriate stinmuli. Latency of the
acoustic reflex is the time taken for the mddle ear nuscles to
contract following acoustic stinulation. Sone researchers
(Mol ler, 1972, 1974; Borg, 1972; Liden, et al. 1974) describe
|atency as the time, in seconds, fromstinulus onset to the tine
when the acoustic reflex has attained 10/. of maxi mum anplitude.
Colletti (1974, 1975) defines latency as the period from signa
onset to 5/ of maxi num i npedance change; while Sunder |land (1974)
and Strasser (1975) have suggested neasuring |atency from signa
onset to the beginning of inpedance change. Consequent | vy, it

becones awkward to conpare results from various reports.

Latency of the acoustic reflex has been neasured by direct
observation (Luscher, 1929), electronyography (D upesland, 1965;
Jepsen, 1963), recording of the cochlear m crophonic, and
observation of acoustic inpedance change (Dallos, 1964). Usi ng
acoustic inpedance change to neasure acoustic reflex latency in
human subjects, Dallos (1964, 1973) found the duration of the

|atent period was inversely proportional to the strength of the
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acoustic stinulus. Additionally, he reported a variation in
i ndividual response latencies. These qualitative observations
are consistent with data reported by Borg <197£, 1972a) in aninal

exper i nments.

Dall os described the acoustic reflex as an asymmetrical
response; ie. it is a nonlinear response whose characteristics
depend on the direction (increase or decrease) and nmagnitude of
the eliciting stinmulus. The "on" response of the acoustic reflex
is nonlinear while the "off" response behaves in a linear fashion
(Dallos, 1964). The fact that the systemis nonlinear neans the
contraction process differs from the rel axation process.
Research has indicated that |atency parameters contain inportant
biologic information and can be used as sensitive indicators of
di sease status (Colletti, 1974, 1975; Norris, 1974; Strasser,
1975).

Norris et al. (1974) used an ordered series of |atency
measures in an effort to find a nethod of evaluating differences
between a "cochlear inpaired and a normal popul ation". Thei r
approach is graphically illustrated in Fig.l and I ncl udes
definition of 5 different l|atency values. Latencies were defined

as foll ows:

L1

Latency fromonset of stinulus to initial reflex response.

L2

Latency from initial response to peak of the response.
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L3 = Latency from response peak to point where reflex reaches 95%
return to baseline.
L4 = Latency from cessation of stimulus to 95% return to
basel i ne.
N
L' , -\\f
== ot asy <)ot
-Liﬂ LR K L L BB
Fig.l: Definition of latency paraneters of the acoustic reflex,
fromNorris, 1974).
L1 = Latency from onset of stinulus to initial reflex response.
L2 = Latency from initial response to peak of the response.
L3 = Latency from response peak to point where reflex reaches 95%
return to baseline.
L4 = Latency total response time, L2 plus L3.
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Latencies were neasured from Stinulus onset. The chi ef
difference between the two popul ation studied was in relaxation
time of the reflex. The "cochlear inpaired" population showed a
significant difference in L3, L4 and Ls val ues exhibiting |onger
latencies in all cases. Norris (1974) felt L3 was the key
variable since all contribution of the contraction phase had been
el i m nat ed. Norris (1974) hypothesized that the cochl ear
i mpai red ear showed delay in neural response to cessation of the
stimul us. If latency is tobe used to detect differences between
normal and abnormal auditory mechanisns, it s necessary to
guantitative describe all Ilatency paranmeters of the acoustic
refl ex. The non—inear portion of the response nust be
investigated as well as differances in relaxation of response as

noted by Norris et al. (1974).

Colletti (1974) has attenpted to standardi ze the paraneters
of acoustic reflex response. He defined several I|atency periods

as described in Fig.2 shown above and considered 3 paraneters.

Onset latency, rise tine and anplitude to contain inportant

bi ol ogic infornmation. Colletti (1974) studied these |atency
parameters wth varying intensities of step stimuli at four
frequencies (500, 1000, 8000 and 4000 Hz). He reported that
these 3 paraneters are a function of stinmulus intensity. He

defined these paranmeters as foll ows:
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Onset | atency:

The time interval between onset of stinulus and 5%of the

maxi mum anplitude of the response.

Rise tinme

The tinme required for the response to rise from10%to 90% of

its final val ue.

Anpl i tude

It is expressed in arbitrary units as width of its response

at steady state.

Of set l|atency

Time interval for the response to fall to 95% of its value

after cessation of the stinul us.

Decay tine

The time interval between 90% and 10% of the anplitude of

the response after the cesstion of the stinulus.

Strasser (1975) wused a 1000 Hz signal to elicit acoustic
reflexes in normal subjects and subjects with acoustic neuromas.

He found that the subjects with acoustic neuronmas exhibited
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initial latencies that were 30 nsec, |onger than the nean | atency

value for the normal subjects. Latency in Strasser's study was

defined as the period from signal onset to beginning of initia
response.
It has been suggested by a nunber of investigators that

onset latency of the acoustic reflex may be a sensitive indicator
of retro cochlear pathology (RCP), (Oems and Sarno, 1980;
Manghamet al . 1980; Hess, 1979; Bosatra et al. 1975, 1976).

Both Clems and Sarno (1980) and Manghamet al. (1980) have
reported a delayed onset latency in the affected ear of patients
with 8th nerve tunors. Hess (1979) found del ayed onset | atencies
in patients wth nultiple sclerosis and Bosatra et al. (1975,

1976), as well, for patients with various brainstem | esions.

Jerger and Hayes (1983) also reported a delayed onset

latency in patients with 8th nerve tunors in the affected ear.

Signal paraneters and the acoustic reflex

The different paraneters of the acoustic reflex are
influenced by variations in stimnmulus paranmeters (eg. intensity,
duration, frequency, rise tinme). D upesland and Zw sl ocki (1971)
found stimulus duration had a definite effect on the reflex

threshold. As stinulus duration increased, the intensity needed
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to elicit the acoustic reflex decreased. They attributed this
occurrance to tenporal summation occuring at or below the |[evel

of the superior olivary conplex in the acoustic reflex are.

Wodford et al. (1975) have investigated the threshold of
the reflex as a function of stinulus duration. Measuri ng
clinical reflex thresholds, this group reported ART was dependent
on duration of the stinmulus. They found variations of as much as

30 dB over a 10 - 500 nsec range of stinulus duration.

Sunderland (1974) wused a 1000 Hz tone wth varying rise
tinmes to elicit the aoustic reflex in a group of normal subjects.
He found that the latency period increased as the signal rise
time increased. They attributed this occurrance to tenpora
summation occuring at or below the level of the superior olivary

conplex in the acoustic reflex arc.

Fertitta and WMartin (1973), Borg (1982), and Gorga and
St el machow cz (1983) all noted Ilonger onset |atencies as

frequency increased.

Church and Cudahy (1984) reported that the onset slope of
the reflex elicited by a 500 Hz signal was steeper than the slope
produced by a 2000 Hz signal, although the initial onset |[atency

was simlar for both signals.
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Finally Bosatra et al. (1976) conparing |atencies at
equi val ent sensation level (SL), noted a curious interaction
bet ween the sensation level and the puretone vs broad band noise
| atency difference. At a sensation level of 10 dB the noise
signal generally showed a shorter latency than the 500 Hz signal,
but at sensation level's of 20 and 30 dB, the difference was in
the opposite direction ie. the latency for the noise signal was

| onger than for the 500 Hz signal.
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METHODOLOGY

The met hodol ogy of the present study is described under the
foll ow ng headi ngs:
1) Subjects
S) Instrunmentation
3) Calibration
(4) Test environnent

5) Test procedure

1) Subjects:

Sixty normal adults (30 males and 30 fermal es) between the
age of 18 and HB years (Mean age S3 years) and 30 normal children
(15 mles and IS fermales) between 5 and 15 years (Mean age 10
years) were selected. The selection of the subjects were on the

basis of the follow ng characteristics.

-> No significant history of mddle ear disease, vertigo,
tinnitus or eustachian tube mal functioning.

-> Thresholds had to be 20 dB HL or better for frequencies from
250 to 4000 Hz.

-> Speech reception thresholds were within 5 dB of pure tone
averages for 500 Hz, 1000 Hz and S000 Hz.

-> They had to have normal tynpanogram



2) Instrunmentation:

The Grason Stadler Instrument 33 Mddle ear analyzer version
2 was used for the present study. It is a mcroprocessor based
instrunent which has facilities for conplete automatic or nanual
di agnostic testing of mddle ear function. Admttance (Y) and
its conponents, susceptance (B) and conductance (G), acoustic
reflex and acoustic reflex l|atency can be neasured by using this

i nstrument.

An audi oneter (Madsen OB 822) calibrated according to 1SO
Standards was al so used to check the behavioral thresholds (air-
conduction and bone-conduction) at octave frequencies using the

nodi fi ed Hughson-Westl ake procedure.

3) Calibration:

Grason- St adl er 33 M ddl e ear analyzer version 2 was
calibrated according to the standards specified in the mnual,

prior to and during the study.

The audioneter was also calibrated using sound |evel nmet er
(B&K 2230) and a mcrophone (B&K 4144). The calibration of
ear phone output has been acconplished wth the hel p of
artificial ear (B&K 4152) along with the sound level neter and

m crophone of 1 inch and earphone (TDH 39P).
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4) Test Environnent

The test was conducted in an air-conditioned sound treated
room The environnmental conditions |like tenperature (85 F) and
the humdity conditions were within specified limts. The noise
| evel s were neasured using a sound level neter (B&K SS09), octave
filter set (B&K 1613) and a condensor m crophone (B& 4165), and

the noise levels were within permssible [imts as per ANSI 1977

speci fication

5) Test Procedure;

The patient was seated confortably. The probe box was
attached to the velcrostrip and placed on the shoulder of the
pati ent. The correct size of ear tip was selected and securely

inserted into the ear canal to obtain an airtight seal.

Acoustic reflex |atency;

1) The tynpanonetry and acoustic reflex t hr eshol ds wer e

established just prior to latency testing with (GSI-33) Mddle

Ear Anal yzer (version S) .

S) The acoustic reflex |atencies was established for 500 Hz and
1000 Hz tones with a stinulus on-tinme of 200 nsec. and 300

msec, in both ears and the acoustic signalhad a duration of



21

1000 nsec. A probe tone frequency of 226 Hz was used and the

stinmuliwas presented at 10 dB above the established acoustic

refl ex threshold.

Pat hol ogical fatigue was avoided by setting the inter—
stinmulus interval at 10 seconds. The rise tinme of the signal and
the total duration at full anplitude were carefully specified and
controlled. Thus, all the values are displayed automatically on

the screen and noted down for further analysis.

Ten percent (10% of subjects in each group was tested tw ce

to provide a reliability check.
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RESULTS AND DI SCUSSI ON

( The purpose of the present study was:

1. To obtain normative data for GSI-33 Mddle Ear Anal yzer of
acoustic reflex latency in males and fermales in the age
range of (a) 18 to 28 years (b) 5 to 15 years.

2. To study the differences if any, between right and |eft
ear |atency scores.

3. To see whether there was any significant sex difference in
adults and children wth respect to acoustic reflex
| at ency scores.

4. To observe the inter—stinulus differences if any between
two signals ie. 500 Hz vs. 1000 Hz.

5. To study if there 1is a significant inter-stimulus
difference between two signals varying in on-time ie. 200

nsec. vs. 300 nsec.

The data was coll ected based on the nethodol ogy given in
the previous chapter. These data were subjected to
statistical analysis using paranetric statistical test-paired

and unpaired t-test (Garett, 1966).

The paraneter considered in the present study were

contral at eral acoustic reflex threshol ds, on—+tinme of the

sti mul us.
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The results and discussion regardi ng each paraneter

studi ed are presented as fol | ows:

Tabl e-1;:

Normati ve data of acoustic reflex

latency (in ns)

for males in the age range 18 to 25 years using
<GSI-33) Mddle Ear Analyzer (vrsion 2).
Acoustic si gnal L1 L2 L3 L4
a) 200 nsec (500 Hz)
Mean 89. 52 153. 89 293. 54. 115. 14
SD 14.59 15. 4 105. 59 61. 58
M ni num 56 120 2 22
Maxi mum 120 176 520 276
b) 300 nmsec (500 Hz)
Mean 96. 72 192. 03 297. 10 132. 89
SD 31.69 41.76 86. 39 79. 62
M ni num 52 114 82 20
Max i num 180 292 458 220
c) 200 nsec (1000 Hz)
Mean 94.11 165. 43 286. 29 146. 75
SD 21.39 20. 37 87. 56 37.77
M ni mum 60 104 111 71
Max i mum 138 212 461 222
d) 300 nsec (1000 Hz)
Mean 99. 97 226. 09 290. 45 119. 83
SD 24. 42 43. 84 87.90 32. 08
M ni num 51 138 114. 55
Max i mum 148 3i4 466 183
Where, LI = Latency from onset of stinulus to initial reflex
response ie. 10% on tine.
L2 = Latency from response peak to point where reflex
reaches 90%return to baseline ie. 90% on tine.
L3 = Latency from cessation of stimulus to 90% ie. 90%
off time.
L4 = Latency from cessation of stinmulus to 10% ie. 10%

of f

timee
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Table | and Il Summarize the results of acoustic reflex
latency testing (ARLT) in males and femal es. The nean,
standard deviation and range for |atency, on-tine and
frequency are shown. The results showed that the |atency
period (L1, L2, L3 and L4) increased as the on-tine of the
signal increased. This is in contrast with the study by
Colletti (1974); Norris (1974); Sunderland (1974); Strasser
(1975); Wodford et al. (1975).

The results also revealed that |onger onset |atencies
with an increase in the stinmulus for both males and femal es;
this is in contrast with the study by Fertitta and Martin
(1973); Borg (1982); and Gorge and Stel machowi cz (1983).

In tables | and Il it can be seen that l|atency value is
hi gher for L3 (Latency from cessation of stinmulus to 90/. ie.

90% of f-time) followed by L2, L4 and finally L1

The results also revealed that the acoustic reflex

| atency values to be higher in females than in nmales.
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Table Il: Normative
females in

Acoustic signal LI L2 L3 L4

a) £00 nsec (500 Hz)
Mean 95. 48 163. 48 330. 13 1£4. 72
SD 18. 29 21.78 111. 44 63. 84
M ni mum 58 119 107 34
Maxi mum 132 207 554 252

b) 300 nsec (500 Hz)
Mean 105. 41 192. 52 320. 65 130. 46
SD 22.99 39.54 98. 10 39.72
M ni mum 59 113 124 51
Maxi mum 151 271 516 £09

c) 300 nsec (1000 Hz)
Mean 104. 05 170. 77 313.70 151. 93
SD 22.08 27.76 1b. 32 47. 14
M ni num 59 115 103 57
Max i mum 148 226 524 246

d) 300 nsec (1000 Hz) .
Mean 108.46  225.64 315.61 126. 82
SD 30. 05 43. 28 92. Or 34. 87
M ni num 48 139 131 57
Max i mum 168 312 499 196




Table-111:
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Nor mative data of acoustic reflex

| at ency

(&) -5

mal es in the age range of 5-15 years using

Acoustic si gnal LI L2 L3 L4

a) 200 nsec (500 Hz)
Mean 94. 17 165. 83 315.74 143. 17
SD 18.01 24.13 120.70 54. 53
M ni mum 50 124 126 34
Maxi mum 130 212 557 252

b) 300 nsec (500 Hz)
Mean 102. 78 201. 04 272. 43 126.7
SD 20 88 50. 60 96. 90 38. 36
M ni mum 61 99 78 49
Maxi mum 144 302 466 202

c) 200 nsec (1000 Hz)
Mean 103. 04 168. 91 286. 87 142.52
SD 56.78 32. 67 117. 47 57. 65
M ni mum 49 98 100 27
Max i mum 156 229 522 257

d) 300 nsec (1000 Hz)
Mean 129. 47 218. 17 270. 17 121. 30
SD 79. 07 56. 26 119. 31 32.99
M ni mum 28 105 100 55
Max i mum 287 330 508 188
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Table-1V: Nornative data of acoustic reflex latency (ns) for

femal es in the age range of 5-15 years using BSI-33

Acoustic signal LI L2 L3 L4

a) S00 nmsec (500 Hz)

Mean 99. 58 165. 88 339.75 159. 83
SD 20. 41 16. 47 117.57 60. 27
M ni mum 58 132 105 40
Maxi mum 140 198 574 280

b) 300 nsec (500 Hz)

Mean 103. 25 220. 42 322.5 133. 75
SD 23. 17 40. 29 105. 96 33. 56
M ni num 57 140 110 68
Maxi mum 150 302 534 200

c) 200 nmsec (1000 Hz)

Mean 93. 12 173. 25 322 152. 58
SD 19. 75 21.08 122. 65 43. 22
M ni num 54 131 80 66
Max i mum 133 215 568 240

d) 300 msec (1000 Hz)

Mean 102.5 242.92 298. 7 128. 67
SD 29.58 23.75 105. 53 21. 20
M ni mum 44 195 90 86

Max i mum 162 290 510 171
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Tables 11l and 1V summarize the results of acoustic
reflex latency testing (ARLT) in children both nale and
femal e. The mean, standard deviation and range for |atency,
on-time and frequency are shown. The results denobnstrate
that the latency period (LI, L2, L3 and L4) increased as the
on-time of the signal increased and as stinulus frequency is

rai sed.

Results also revealed | onger onset | atencies as

frequency increased in both male and female children.

In Tables 11l and IV it can be seen that |atency val ue
is highest for L3 (90% off time) followed by L2, L4 and

finally L1).

Results also revealed that higher acoustic reflex

| at ency was seen in femal es t han in mal es.
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Tabl e-V: Mean, standard deviation and val ue, probability and
coefficient correlat;ion of acoustic reflex [|atency
testing lbetween the right and left ear :in males
(GSI-33), inthe age range of 18-25 years.

Acoustic signal Ear Mean SD t-val ue Probability
I evel
a) SO0 nsec R 9571 6. 78 . 18910 0.8514 NS
(500 Hz) L 95.89 6. 80
L1 R 89. 75 15. 38 . 1661 0. 8695 NS
L 89.08 13. 98
L2 R 151.15 14. 81 1. 0512 0. 3032 NS
L 154.77 16. 14
L3 R 285.69 110. 30 . 4892 0. 6290 NS
L 296.54 102. 22
L4 R 107.07 52.55 . 9020 0. 3756 NS
L 122.15 70. 30
b) 300 nsec L1 R 96.43 22.99 7.155 0. 9435 NS
(500 Hz) L 96. 71 20. 69
L2 R 191.17 41. 69 0. 463 0.962 NS
L 190.69 42. 53
L3 R 285.57 82. 86 1.189 0. 245 NS
L 306.78 90. 21
L4 R 141.71 100. 16 . 916 0. 367 NS
L 123.21 52. 29
c) 800 nsec R 122.14 149. 93 1. 0046 0.324 NS
(1000 Hz) L 93.21 6. 899
L1 R 89.92 19. 69 1.604 0.121 NS
L 97. 08 22.59
L2 R 164.54 18. 80 . 286 0. 777 NS
L 166 22. 11
L3 R 278 83. 54 . 238 0. 813 NS
L 283.62 92. 39
L4 R 136.61 32.99 1. 856 0. 075 NS
L 152.08 40. 88
d) 300 nsec L1 R 49.71 25. 63 . 285 0. 778 NS
(1000 Hz) L 100.78 23. 57
L2 R 226.68 48. 73 . 251 0. 804 NS
L 225.29 39. 19
L3 R 38a. 14 85. 10 . 558 0.581 NS
L 292.93 91.77
L4 R 119.64 26.79 . 106 0.916 NS
L 120.43 37. 10

NS -> Not significance; S -> Significance.
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In the table V 't' test was made use of in determning
whether there was any significant difference between the
right and left ear in males with respect to acoustic reflex
latency at 5% level of significance and the results indicated
that there was no significant difference between the right

and the left ear inmales at 0.05 |evel.
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Tabl e-Vis Mean, SD, t value, probability correlation of
acoustic reflx latency testing between the right
and left ear in females (GSI-33) in the age range
of 18-25 years.

Acousti c signal Ear Mean SD t-val ue Probabi 1i ty
| evel
a) 200 nsec R 93. 23 6. 39 1. 608 0.119 NS
(500 Hz) L 90 6. 83
L1 R 93. 67 17. 21 . 549 0.588 NS
L 97. 33 19. 47
L2 R 158. 65 14. 46 1.899 0.069 NS
L 168. 47 26. 66
L3 R 339.35 112. 09 . 629 0.534 NS
L 320. 60 111. 85
L4 R 117.81 68. 08 .518 0. 609 NS
L 131. 47 58. 37
b) 300 nsec L1 R 98. 52 18. 15 2. 600 0.014 S
(500 Hz) L 112. 53 25. 48
L2 R 186. 13 35. 20 . 670 0.508 NS
L 192. 90 55.51
L3 R 329.48 101. 68 1.070 0.291 NS
L 301.81 109. 04
L4 R 124. 39 45. 26 1.544 0.139 NS
L 136.73 32.65
c) 200 nsec R 89. 68 5. 47 . 658 0.516
(1000 Hz) L 90. 65 6. 42
L1 R 100. 34 17.99 1.753 0.090 NS
L 108. 14 25. 56
L2 R 162.32 21.58 2.519 0.08 S
L 179.79 31.01
L3 R 311.88 111. 28 .. 401 0.691 NS
L 315.72 100. 26
L4 R 145. 87 44. 20 . 538 0.594 NS
L 158. 41 50. 05
d) 300 nmsec L1 R 103.74 29. 69 1. 226 0.231 NS
(1000 Hz) L 113. 33 30. 12
L2 R 224.65 49. 18 . 505 0. 618 NS
L 226. 67 37.04
L3 R  309. 48 95. 05 . 647 0.523 NS
L 321.93 90. 05
L4 R 123.81 38. 102 . 716 0.479 NS
L 129. 93 31.53

NS -> Not significant; S -> Significance
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Table-VI1: Mean, SD, t val ue, probabililty and co-efficient
correlation of acoustic reflex latency testing
between the right and left ear in males (6Sl-33)
in the age range of 5-15 years.

Acousti c signal Ear Mean SD t-val ue Probabi lity
| evel
a) 200 nsec R 100 5.22 . 203 . 839 NS
(500 Hz) L 99. 55 4.16
L1 R 91.5 19. 26 . 864 0. 408 NS
L 97.09 16. 96
L2 R 170.5 27.91 . 699 0. 500 NS
L 160. 73 19. 21
L3 R 319 130. 57 . 719 0. 488 NS
L 312.18 115. 20
L4 R 194.23 233.64 . 709 0. 495 NS
L 152. 73 75. 39
b) 300 nsec L1 R 102. 67 19. 64 . 588 0. 569 NS
- (500 Hz) L 102. 91 23. 12
L2 R 202 33.77 . 171 0. 868 NS
L 200 49. 50
L3 R 263.83 87.07 . 615 0.552 NS
L 281.82 110. 13
L4 R 130. 83 31.52 1. 259 0.237 NS
L 121. 09 45. 72
c) 200 nsec R 100. 83 5.15 0 1.000 NS
(1000 Hz) L 100 5.0
L1 R 99. 33 25. 87 774 0. 456 NS
L 107. 09 28. 4
L2 R 169. 83 31. 46 . 802 0.441 NS
L 202. 91 137. 67
L3 R 294.00 135. 76 1. 036 0.325 NS
L 279. 09 99. 80
L4 R 143 67.33 5.806 0. 954 NS
L 142 48. 20
d) 300 nsec L1 R  204.67 225. 44 1.3862 0.196 NS
(1000 Hz) L 111. 09 26. 96
LS R 220 54. 41 . 030 0.976 NS
L 216. 18 60. 82
L3 R  288. 83 139.10 2.195 0. 053 NS
L 249. 82 95.70
L4 R 125.5 37.53 1.276 0.231 NS
L 116. 73 28. 29

NS -> Not significant; S — Significant.
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Table-VII1: Mean, SD, t value, probaility and correlation of
acoustic reflex latency testing between the right
and lleft ear in females (G3-33) in the age range
of 5-15 years.

Acoustic signal Ear Mean SD t-val ue Probabi lity
| evel
a) 200 nsec R 97. 23 5. 64
(500 Hz) L 98. 75 5.69 . 265 0. 736 NS
L1 R 97. 67 20. 66 . 188 0. 856 NS
L 101.5 20. 89
L2 R 162.5 16. 32 . 244 0.812 NS
L 167. 67 16. 92
L3 R 360.0 125. 13 1. 597 0.141 NS
L 319.5 111. 13
L4 R 148. 17 57.06
L 171.5 63. 57 . 766 0. 464 NS
b) 300 nmsec L1 R 100. 17 22. 65
(500 Hz) L 106. 33 24. 25 . 628 0. 544 NS
L2 R 210.33 31. 84
L 230.5 46. 47 1. 156 0.275 NS
L3 R 33 94. 65
L 332 119. 67 . 240 0.815 NS
L4 R 124. 33 26. 38
L 209. 83 221.59 1. 254 0. 238 NS
c) 200 nsec R 95 4.26
(1000 Hz) L 96. 25 3.12 . 362 0. 724 NS
L1 R 93.5 15. 07
L 86. 08 34.99 0.674 0.54 NS
L2 R 177. 67 21. 11
L 168. 83 21.00 1. 157 0. 274 NS
L3 R 314.5 131. 86
L 337.83 133.72 0.409 0.691 NS
L4 R 146. 17 45. 23
L 159 42. 07 0.794 0.445 NS
d) 300 nsec L1 R 96. 17 25. 45 0.951 0. 364 NS
(1000 Hz) L 108. 83 33.09
L2 R 242.83 20. 40 8. 288 0. 935 NS
L 243 27. 63
L3 R  301. 33 89. 98 0. 322 0. 754 NS
L 295 123.17
L4 R 120.67 11. 67
L 136. 67 25.76 2.229 0. 050 NS

NS — Not significance — Significance
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From Tables VIl and VIIl it is evident that all the
probability values are greater than the 0.05 |evel. Hence
there is no significant difference between the right and left
ears in mles and females for acoustic reflex Ilatency

threshold at 5% level of significance.

It is also evident from Tables VIl and VIII that the
mean and standard deviation for males in right ear was higher
when conpared to left ear Dbut in females left ear
predom nated over the right ear both in mean and standard

devi ati on.

Adm nistering the 't' test showed that there was no sex
difference except for 2 stimulus on tine ie. 10% on tinme for
300 nmsec. (500 Hz) and 200 nsec (1000 Hz) where a significant
di fference was noticed. These results are shown in Table IX
The results in Table [IX also revealed higher nean and

standard devi ation for nales and femml es.

From Table X wth regard to acoustic reflex |atency
testing no sex difference was noticed in children when data
obtained wusing the GSI-33 Mddle Ear Analyzer version-2.
However results showed higher nmean and standard deviation for

femal es conpared to those fennles.
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Tabl e-1Xj Mean, SD, t value, probability of acoustic reflex
| atency testing lbetween males and females (6SI-33)
in the age range of :18-25 years.

Acoustic signal Ear Mean SD t-val ue Probability
| evel
a) 200 nsec 91.61 6.76
(500 Hz) 96 .63 6.74 3.586 0.0005 S
L1 95.47 1B. 29 1.9138 0.058 NS
89 .52 14 .59
LE 163. 48 21 .74 2. 7267 0.0074 S
153. 89 15. 44
L3 330. 13 111 . 44 1.8194 0.714 NS
293 .54 105. 89
L4 124.72 63.84 . 6444 0.5206 NS

115. 14 61.58

b) 300 nsec L1 105.41 22,.99 2.1176 0.0363 S

MET T ZZTMZTNZNZT | Z2TIZNZ2TZ2 T <

(500 Hz) 96 .72 21,.68
LS 192.52 46,. 22
192.03 41 .76 0.31388 0.7542 NS
L3 310. 65 98,. 10 1.0492 0.2962 NS
297,.10 86,.39
L4 130. 46 39,.72 . 2289 0.8318 NS
119,.41 49,.96
c) 200 nsec 90,. 16 5.,93
(1000 Hz) 93,.53 6.. 86 1. 2850 0.2013 NS
L1 104,, 05 22.,08
94,. 10 21.,39 2.4696 0.0150 NS
L2 170.. 77 27.,76
li 165,. 43 20., 37 1.1737 0.2429 NS
L3 F 313.,70 105., 32
M  286..29 87.,56 1.5237 0. 1303 NS
L4 F 151 .93 47., 14
M 146.. 75 37.,77 1. 2227 0.2239 NS
d) 300 nsec L1 F 108., 46 30. 05 1.68714 0.0942 NS
(1000 Hz) M 99.,96 24. 42
L2 F 225.,64 43. 28
M 226. 09 43. 84 5. 5944 0.9555 NS
L3 F 315.,61 92. 07
M 290. 45 87.90 15231 0. 1304 NS
L4 F 126. 82 34. 87
M

119. 83 32.08 1. 1366 0.2580 NS

NS -> Not significance;, S -> Significance.
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probability of acoustic reflex

| atency testing between mal es and fenmal es (GSI-33)
in the age range of !5-15 years

Acoustic signal Sex Mean SD t-val ue Probabi ity
and paraneters | evel
a) 200 nsec M 99.78 4.64
(500 Hz) F 98. 17 5. 56 1. 0075 0.3192 NS
L1 M 94. 17 18.0
F 99.58 20.41 . 96176 0. 3413 NS
L2 M  165.83 24.13
F 165. 08 16. 47 . 1237 0.9021 NS
L3 M 315.74 120.70
F 339.75 117.57 . 6908 0. 4932 NS
L4 M  143.17 54.53
F 159.83 60. 27 . 5460 0. 5878 NS
b) 300 nsec L1 M 102.78 20.88
(500 Hz) F 103.55 23.17 7. 255 0. 9425 NS
L2 M 20.04 50. 59
F 220.42 40. 29 1.455 0. 1526 NS
L3 M 272.43 96. 89
F 322.5 105. 96 1.688 0. 0983 NS
L4 M 126.7 38. 36
F 133.75 33.56 1.1905 0.2401 NS
c) S00 nsec M 100. 43 4.98
(1000 Hz) F 95. 63 3.70 3.7677 0.0005 s
L1 M 103.04 26.78
F 93. 12 19. 75 1.6592 0.1039 Ns
LS M  163.91 32.67
F 173.25 21.08 . 6121 0. 5435 NS
L3 M 286.87 117.47
F 322.0 122. 65 1. 0838 0. 2842 NS
L4 M 142.52 57.65
F 152.58  43.22 . 6789 0. 5006 NS
d) 300 nsec L1 M 129.47  79.07
(1000 Hz) F 102.5 29.58 1.6541 0. 1051 NS
L2 M 218.17 56.26
F 242.92 23.75 1.9789 0. 0540 NS
L3 M 270.17 119.31
F 298.17 105.33 . 8528 0. 3982 NS
L4 M 221.30 32.99
F228.67 21.19 . 9142 0. 3655 NS
NS -> Not significance s -> Significance
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Tabl e- Xl : Mean, SD, t-value, Probabili ty and coefficient
correl at ion between 200 nsec and 300 nsec in right
ear and left ear at 500 Hz and 1000 Hz in nmales in

t heage range of 18-25 years.

Parameters Ear Mean SD t-val ue Probabi ity
| evel

a) 500 Hz L1 R 89. 52 14. 59 2.4274 0. 0222 S
L2 R 153.89 15. 44 6. 3196 0 S
L3 R 293.54 105.5 1. 9001 0. 9850 NS
L4 R 115. 14 61. 58 1. 3287 0. 1950 NS
b) 500 Hz L1 L 89. 85 13. 98
96. 89 20.70 1.3572 0.1873 NS
L2 L 155. 57 16. 14
192. 87 42. 53 4. 4137 0.0001 S
L3 L 300. 36 102. 22
306. 69 90. 21 . 2224 0. 8257 NS
L4 L 119. 29 70. 2
124. 76 52. 29 . 32669 0. 7465 NS
c) 1000 Hz L1 R 90. 07 19. 70 2.4489 0.0211 s
99. 03 25. 63
L2 R 164. 29 18. 79 8. 3349 0S
226. 79 48. 73
L3 R 279.21 83. 54 . 2018 . 8415 NS
284. 89 85. 10
L4 R 138. 36 32. 99 2. 7986 0. 0094 s
119. 24 26.79
d) 10000 Hz L1 L 98. 14 22.59
100. 89 23. 57 . 70186 0. 4888 NS
L2 L 166. 57 22. 11
225. 38 39.19 9. 1307 0 S
L3 L 293. 36 92. 39
296 91.77 . 1359 0. 8929 NS
L4 L 155. 14 40. 88
120. 41 37.10 7.045 0 S

NS -> Not significance; S -> Significance
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Table-XI1I Mean, SD, t-value. pProbability and correlation
bet ween 200 nsec and 300 nsec in right ear and
left ear at 500 Hz and 1000 Hz in fenmales in the

age range of 18-25 years.

Par aneters Ear Mean SD t-val ue Probabi lity
| evel

a) 500 Hz L1 R 93. 68 17.21
98. 52 18. 15 2. 3843 0.0236 S
L2 R 158. 65 14. 46
186. 13 35. 20 5.2723 0 s
L3 R 339.35 112. 09
329. 48 101. 67 . 6334 0.5313 NS
L4 R 117. 81 68. 08
124. 38 45. 26 . 4732 0. 6394 NS
b) 500 Hz L1 L 97. 33 19. 47
112. 53 25. 48 4. 901 0 S
L2 L 168. 46 26. 66
192. 90 55.51 4. 8803 0S
L3 L 320. 6 111. 85
301. 81 109. 04 . 5139 0. 6113 NS
L4 L 131. 46 63. 03
136. 73 32. 65 . 8472 0. 4040 NS
c> 1000 Hz L1 R 100. 34 17. 99
103. 74 29. 69 . 5385 0.5942 NS
L2 R 162.32 21. 58
224. 65 49. 18 6. 1510 0 S
L3 R 311. 87 111. 27
309. 48 95. 05 3.1639 0. 9750 NS
L4 R 145. 87 44.19
123. 81 38. 10 1. 8275 0. 0776 NS
d) 10000 Hz L1 L 108. 14 25. 56
113. 33 30.11 1.0179 0.3174 NS
L2 L 179.79 31.01
226. 66 37.03 5. 2325 0 S
L3 L 315.72 100. 26
321. 93 90. 05 . 8263 0. 4156 NS
L4 L 158. 41 50. 04
129. 93 31. 53 3.4619 0.0017 S

NS -> Not significance; S -> Significance
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Table-XII1: Mean, SD, t-value, probabil:ity and correl ation
bet ween 200 nsec <and 300 nsec in right ear and
left ear at 500 Hz and 1000 Hz in nales in the

age range of 5-15 years.

Par anet ers Ear Mean SD t-val ue Probabi lity
| evel
a) 500 Hz L1 R 91.5 19. 26
102. 66 19. 63 1.4814 0. 1666 NS
L2 R 170.5 27.91
202 53. 77 2.8922 0.0146 S
L3 R 319 130. 57
263. 83 87.07 2.8146 0.0168 S
L4 R 194.23  233.63
130. 83 31.52 1.0283 0. 3259 NS
b) 500 Hz L1 L 97.09 16. 96
102. 91 20.12 1. 8537 0. 0935 NS
L2 L 160. 73 19.21
200 49.50 3.3974 0.0068 S
L3 L 312.18 115. 20
281. 82 110.13 2.9150 0.0154 S
L4 L 152. 73 75. 40
121. 09 45, 72 1.9164 0. 0843 NS
c) 1000 Hz L1 R 99. 33 25. 87
204.66  225.44 1. 5377 0. 1524 NS
L2 R 169. 83 31.45
220 54. 41 4.1952 0.0015 S
L3 R 294 135. 76
288. 83 139.10 0. 2696 0. 7925 NS
L4 R 143 67.33
125.5 37.53 1. 6337 0. 1306 NS
d) 1000 Hz L1 L 107. 09 28. 40
111. 09 26.96 0.7023 0. 4985 NS
L2 L 202.91 137. 67
216.18 80.82 0.3330 0. 7460 NS
L3 L 279. 09 99. 79
249. 82 95. 69 1.6474 0. 1305 NS
L4 L 142 48. 19
116. 73 28. 29 2.9916 0.0135 S

NS -> Not significance; S -> Significance
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Tabl e- XI'V: Mean,, SD, t-value, probabililLty and correl ation
bet ween SO0 nsec and 300 nsec in right ear and
left ear at 500 Hz and 1000 Hz in females in the

age range of 5-45 years.

Par aneters Ear Mean SD t-val ue Probabi 1ity
| evel

a) 500 Hz L1 R  97.67  20.66
100.17  22.65  .5961 .5631 NS
L2 R 162.5 16. 32
210.33  31.83 6.0794 0.00 S
L3 R 360 125. 13
313 94.65  2.3559 0.0381 S
L4 R 148.17  57.06
124.33  26.38  1.4482 0.1754 NS
b) 500 Hz L1 L  101.5 20. 89
106.33  24.15  1.6113 0. 1354 NS
L2 L  167.66 16. 92
230. 5 46.47 5.1485 0.0003 S
L3 L 319.5 111.13
332 119.67  .4078 0.6912 NS
L4 L 171.5 63. 57
209.83 221.59  .5411 0. 5992 NS
c) 1000 Hz L1 R 93.5 15. 07
96. 17  25.45  .4345 0. 6723 NS
L2 R 177.67 21.11
242.83  20.40  10.757 0S
L3 R 314.5 131. 86
301. 3 89.98 .7101 0. 4924 NS
L4 R 146.17  45.23
120. 67 11.67  1.9845 0.0727 NS
d) 10000 Hz L1 L  87.08  34.99
108.83  33.09 2.5461 0.0272 S
L2 L 168.83  21.00
243 27.63 11.7405 0.0 S
L3 L 337.83 133.72
295 123.16  1.9732 0.8317 NS
L4 L 159 42. 07
136.67  25.76  1.9515 0.0769 NS

NS-> Not si gnificance; S -> Significance.
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From Tables XI and Xl it is evident that half of the
paraneters of probability values are below the 0.05 |evel
of significance. hence there is a significant difference
between two different stinulus on tinme (ie. SO0 nsec. vs. 300

nmsec) in both males and fenmales of 500 Hz ad 1000 Hz.

From Tables XIIl and XIV it is evident that half of the
paranmeters of probability values are lower than the expected
value of 0.05 Ilevel of significance. Hence there is a
significant sex difference in children between the two
different stinmulus on tine (ie. SO0 msec. vs. 300 nsec) at

500 Hz and 1000 Hz.
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DI SAUSSI ON

The purpose of this investigation was to establish norns for
acoustic reflex latency testing in normal adults and chil dren and
to investigate the effect of acoustic signal on-tine and effect
of stimulus frequency on |atency paraneters in a nornmal hearing
popul ati on. Acoustic reflex threshold in normal humans has been
found to vary with stinmulus duration, type of stinmulus and age of
the subject. Latency 1is contingent in ART;, thus, si gna

paranmeters which effect threshold will effect [|atency.

Mol ler (1974) has discussed the difficulty involved in
quantifying the acoustic reflex. Based on investigations wth
both human and animal subjects (Borg, 1972; Mdller, 1962), a
val ue of 10 percent of the maxi mal obtainabl e inpedance change of
the acoustic reflex has been defined as threshold. This 104.
value is considered a sensitivity neasure of the acoustic reflex.
This study has defined quantitative threshold as the point of
i npedance change; this is in contrast with the study by MPherson
and Thonmpson (1978), Strasser (1975) and Sunder land (1975). It
is believed that the definition of threshold as the point of
i npedance change is a nore reliable nethod than the 10% criteria
suggested by Mller (1974). Using the point of inpedance change
as threshold would provide a specific point from which to neasure
| atency regardl ess of whether the initial inpedance change was in

positive or negative direction.
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One purpose of this study was to examine the effect of
si gnal on-tine and effect of stimulus frequency on |atency.
Results denonstrated a linear relationship ie. an increase in
latency with increasing on-tine and increasing frequency of the
acoustic signal. This data is in agreenment wth Sunderl and
(1974); Fertitta and Martin (1973), Borg (198S) and Gorga and

St el rachowi cz <1983>.

Latency val ues neasured by Sunderland (1974), and in this
st udy, show that |atency increases as signal on-time increases,
the results of this study is in consonance with that of MPherson
and Thonpson (1978). However, the absolute values differ. There
are two possible explanation for the differing nunerical val ues
(1) differences in the frequencies of the acoustic stinmulus; and

(2) differences in the recording nethods used.

Sunderl and used a 1000 Hz acoustic stinmulus and a polygraph
to record acoustic reflex response. McPherson and Thonpson

(1978) used a 2000 Hz acoustic stimuli and an oscilloscope to

record reflex activity. This study used 500 Hz and 1000 Hz
acoustic stinuli and an autonmtic nonitor screening to record
reflex activity. However, it is felt that the difference in

stimulus frequencies enployed could be a contributing factor.

The L1 latency is the actual latency of the reflex while the
difference of Ls (total response tine) and L1 is the true |atency

of the acoustic reflex testing.
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SUWVARY AND CONCLUSI ON

This study ained to establish norns for the Mddle Ear
Anal yzer (GSI-33) for acoustic reflex latency threshold in (18-28
years) males and females adults (18-28 years) as well as in

children (5-15 years).

Furthernore, it examned the effect of stinulus on-tinme and
frequency changes in relation to changes in the acoustic reflex

| at ency paraneters.

This study was carried out in a sound treated test room
where anbient noise level met the I1SO (1969) criteria. A tota
of sixty adults (30 males and 30 fenmales) within the age range of
8 to 28 years and 23 children (11 nmales and 12 fermales) with in
the age range of 5 to 15 years; having normal hearing, were taken
for the study. Subjects were tested using Mddle Ear Analyzer
(6S1-33) on 166 ears (83 right and 83 left ear) at a pressure

rate of 200 dapa /second for a 226 Hz probe tone.

A carefully controlled and nonitored 500 Hz and 1000 Hz
acoustic signal wth tw different on-time (200 nsec and 300
nsec) was presented 10 dB above each subject's clinical reflex
threshold. The acoustic reflex |atency response was obtained on
a screen and later analyzed. Mean values and standard deviation

for the latency paraneters were determnm ned.
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The results were subjected to statistical analysis using
paranetric statistical test - paired and unpaired 't' test. The

followng conclusions were drawn based- on the statistica

anal ysi s.

1) Normative data for acoustic reflex |atency threshold obtained
using the Mddle Ear Analyzer (6SI-33) for adults and children
are depicted in Table I, 11, IlIl and IV

2) There was no significant interaural and sex difference for

acoustic reflex latency scores.

3) It has been proposed that |atency be defined fromthe point of
i npedance change (quantitative reflex threshold) rather than from
signal onset. The purpose of this definition is to provide a

| ess variable |atency neasure.

4) Conparisons of |atency val ues obtai ned reveal ed hi gher |atency
value for L3 (Latency from cessation of stinmulus to 90%ie. 90%

off-tine) followed by L2, L4 and finally LI.

5) The results denonstrated that the |latency value (LI, L2, L3

and L4) increases as the on-tine of the signal increases and when

stimulus frequency is increased.

6) Results revealed higher acoustic reflex latency values in

femal es than males both in adults and in children.
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7) There was no significant sex difference wth regard to
acoustic reflex latency value. However, results showed higher
mean and standard deviation for nmales as conpared to females in
adults whereas in children femal es showed higher values than

boys.

8) There was a significant difference between two different
stimulus on tine (ie. 200 nmsec vs. 300 msec) at 500 Hz and 1000

Hz irrespective of age and sex of the subject.
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APPENDI X - |

The GSI 33 version £ Mddl e Ear Analyzer (MEA) is a high

tech, mcroprocessor - based admttance instrunent designed
to be used in a clinical or research setting. It contains
t ot al capabilities for conpl et e, automatic or nmanual

di agnostic testing for analysis of mddle ear function.
Admttance (Y), and its conponents susceptance (B) and
conductance (G), nmay be neasured with probe tone frequency of
226 Hz, 678 Hz and 1 KHz. The extensive battery of test npde
choices include diagnostic tynpanonetry, acoustic reflex
threshold and decay neasurenents, eustachian tube function
testing, screening tynpanonetry, acoustic reflex |atency
testing, acoustic reflex sensitization and nultiple frequency
tynpanonetry (250 Hz to 2 KHz). The operator has a choice of
3 nountings to support the probe box; the standard clothes
clip, as an optional operator wist attachnent. The probe
box has two LECs to indicate test status and also a right and
left switch to designate the ear to be tested. The GSI - 33

cal culates gradient as the average of the conpliance points

at an interval of plus or mnus 50 dapa. In GSI 33 the
contral at er al stimuli is presented through an insert
receiver. GSI - 33 was cal i brated accordi ng to the

speci fications given by ANSI S3.39-1987), ANSI S3.6-1969, (R
1986), I|EC 645-1979, IEC 126-1961, |1SO 389-1975 and UL 544
Li sted Hospital and Dental Equipnent. (GSl 33 version 2 MEA



| nstruction Manual, 1989). Mre in depth analysis of the

acoustic reflexes, such as latency characteristics and the
effects of high frequency sensitization, is possible with
such sophisticated equi pnent. The need for manually witten
reports and bulky patient files even is being reduced. Test
data may be stored in instrunent nenory and recalled for
review prior to being transferred via an RS S3S interface to

a PC



APPENDI X- 11 _
Acceptabl e Noise Levels for Audionetry
(SPL - Sound Pressure Level)

Test Under ear phones Sound field or
Fr equency only (In dB SPL) bone conduct ion
MX- 41 AR cushi ons (in dB SPL)
Cct ave 1/3 Cctave Cct ave 1/3 COctave
Band Band Band band
125 34.5 29.5 28.0 23.0
250 23.0 18.5 18.5 13.5
500 21.5 16.5 14.5 9.5
750 22.5 17.5 12.5 7.5
1000 29.5 24.5 14.0 9.0
1500 29.0 24.0 10.5 5.5
2000 34.5 29.5 8.5 3..5
3000 39.0 34.0 8.5 3.5
6000 41.0 36. 0 0 0
8000 45.0 40.0 20. 5 15. 5
Tabl e: - . o : :
Acceptable noise levels (in dB SPL; in audionetric

test roons when testing is expected toreach 'O dB
HL (Anerican National Standards Institute ANSI,

1977)



