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In recent years clinical audiol ogy has devel oped and
grown as a profession. One neasure of growh is the sheer
menbers of individuals who are trained and working in the
field. In recent years the nunber of audiol ogists has
i ncreased, the variety of work settings has been increased.
At the sane tinme the nethods used by audi ol ogi sts have
under gone nodification. Some newer procedures have cone to the
fore gradually or sonetines precitously in a relatively short
space of tine. Qher nethods have | essened in popul arity.
Thereris a trend towards nore extensive testing, both in

scope and dept h.

In the past fewyears there has been a dranatic
increase in the use of central tests in audiology clinics.
The audi ol ogi ¢ study of the central auditory nervous system
(CANS) has its major activity in site of lesion testing. This

approach is typically related to medi cal diagnosis.

Since the type and nunber of tests to evaluate the site
of lesions are increasing during these tines, it is necessory
for an audi ol ogist to have an overall idea about the past
research and present trend in research. As the entire
i nformati on about the audiol ogi cal tests used to detect
brain stemlesions in hearing disorder patients is not
avai l abl e easily, the present study is attenpted to give
full information about the "Audiol ogical Eval uation of

Brain Stent in a capsular form



AUDI TORY PATHWAY

Afferent Auditory pat hway.

The cochlear or I cranial nerve appears as a tw sted
trunk. Its core nmade up of fibers derived fromthe apex of the
cochlea and its outer layers comng fromnore basal regions. The
nerve | eaves the inner ear via the internal auditory neatus, and
enters the brain stemat the |lateral aspect of the |ower pons.
Thus the fibers of the auditory nerve constitute the first order

neurons of the ascendi ng central auditory pat hways.

Upon entering the brain stem the first order neurons of
the auditory nerve synapse with cell bodies in the dorsal and
ventral cochlear nuclei. Specifically neurons arising fromthe
nore basal areas of the cochlea termnate in the dorsal portion
of the dorsal cochlear nucleus (DCN) and ventral cochl ear nucl eus
(VCN); and the ventral portion of the DCN recei ve neurons
originating in the nore apical parts of the cochlea. Severa
studi ed have shown that degeneration of cochlear nuclei follows

the | esions of the cochl ea.

Second order neurons arise fromthe cochlear nuclei. The
traphezoid body is formed fromthe ventral acoustic stria, which
arised fromthe VCN. The fibers of the traphezoid body decussate
cross to the opposite side to synapse with the nuclei of the laters
| ermi scus. Qher fibers of the traphezoid body termnate at the
Superior Aivary Conplex (SOC) on the ipsilateral side and at the

traphezoid nuclei. The dorsal part of the VON gives rise to the



I nternmedi ate acoustic stria, which contralateralizes to ascend in
the lateral | emiscus of the opposite side. The dorsal acoustic
stria is made up of fibers fromthe DCN which cross to the

opposite sede and ascend in the contralateral lateral |emiscus.

The superior olivary conplex contains a |ateral principal
nucl eus whi ch approxi nates an S shape and a nedi al accessory
nucl eus. Fibers fromthe VCN on both sides nainly synapse with
the nedi al accessory nucleus. The nedial accessory nucleus in
turn is the source of third order neurons which ascend via the
| ateral |emiscus on the sanme side. The SOC receives a
bilateral representation (at |least fromthe VCN) and the latera
| ermi scus include fibers fromthe SOC as well as fromthe
traphezoi d body and acoustic stria, while fibers fromthe
cochl ear nuclei of one side ascend directly up the opposite
| ateral |emiscus, it appears that there are no fibers from

honol at eral cochl ear nucl ei .

Al so ascending with the lateral |emiscus are fibers arising
fromthe several nuclei of the |lateral |emiscus itself. A though
the nuclei of the lateral |emiscus have classically been
viewed as dorsal and ventral, recent evidence has shown a third
nucl eus whi ch appears to be a continuation of the nuclei stenmmng
fromSOC. Furthernore the ventral nucleus, and to a slightly
| esser extent the dorsal nucleus are highly variable, they are
i nfact even quite variable between right and | eft sides of the
sane subject. Comunication between the lateral |emisci of

the 2 sides is via the coomssural fibers of probst, which






appear to involve, at least primarily the dorsal nuclei.

The najority of the ascending fivers synapse with the nucl ear
mass in the inferior colliculus at the |level of the m dbrain.
There is al so communi cation between the colliculi of the 2 sides
via the coomssure of the inferior colliculus. Several fivers may
pass the inferior colliculus and follow a direct course to the
medi al geni cul ate body(M3) of the Thal anus. The pat hway fromthe
inferior colliculus to the M3B goes by way of the brachium of
the inferior coll Aculus. This pathway doesnot appear to contain
neuron bodies in the human adult and is nmade up of fibers from
the inferior colliculus as well as of the fibers that bypass the

colliculus as they ascend to the MGB.

The MB is the last subcortical way station and all ascendi ng
pat hways to the auditory cortex synapse here. The M3 has 2
main parts, the par principalis and a ventral nucl eus, fibers
ascending fromthe inferior colliculus termnate primarily in

the par principalis.

The auditory (genicul otenporal) radiations project fromthe
MBB to the transverse tenporal gyrus on the tenporal cortex of

t he sane si de.

Ef ferent Auditory Pat hway:

Efferent fibers typically bring information fromthe cortex

to the periphery. There are 2 types of efferent fibers.

Descending tracts may be arising in the auditory certex or

inavariety of nuclei and termnate at other nuclei, especi al |y
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in the cochlear nucleus and the olivary conplex. The auditory
cortex is the source of 2 descending systens. The first starts at 1
cortex and termnate in the medial geni cul ate body. The second
I s a descendi ng systemwhi ch connects the cortex with the cochl ea
and cochl ear nuclei via the inferior colliculus and the periolivary

masses.

Coj ol recogni sed the existance of descending axons fromthe
cortex to the ventral division of the nmedial geniculate body. A
the auditory areas al so send axons to the dorsal and nedial divisior
of the nedial genecul ate body. Axons of small dianeter descend fron
the auditory cortex to the central nucleus of the inferior collicult
The majority of the axons termnate in the ipsilateral colliculus
but a fewapss to the contralateral side. Because of this the
rel evant parts of the inferior colliculus, the periolivary cel
masses, and the dorsal cochlear nucl eus are innervated by the
auditory cortex of both sides. The efferent axons to the cochl ear
and to the cochlear nucleus arise principally in the dorso-mnedial

and dorso-lateral periolivary cell masses.

The first experinental study on the efferent innervation of
the cochlea were reproted by G L. Rasnmussen (1942, 1946). He used
stai ned specimans to denonstrate the efferent conponent in
t he cochl ear nerve whi ch was naned 'olivo cochl ear bundl e' (CCB).
The bundl e was described for cat, rat and opossum (Rasnmussen, 1948,
1946, 1953,1960) and in man (Gacek, 1961). The OCB consi sts of

two conponents, crossed and uncrossed. Nerve fibers of both



conponents originate in the brain stem the crossed in the

contral ateral and the uncrossed in the honol ateral superior olivary
region. The origin of crossed OCB (COCB), was confined by
Rasnussen (1946) to an area situated nedial to the accessory live
and dorsal to the nucleus of the trapezoid body, The honol at er al
OCB, according to Rasnussen (1960) enmanates fronthe honol atera

S shaped olivary segnent.

Central course: The cell bodi es of the COCB neurons (about

3/4 of the OCB neurons) are located close to the nedial accessory
superi or olive on the opposite side. Their axons course dorsal -
war ds and decussate between the facial nerve genu, close to the
floor of the 4th ventricle. The(QOCB) axons then travense the
facial nerve roof enroute to the cochlea, cell bodies of the
uncrossed OCB neurons are located closer to the main S shaped
nucl eus of the superior olive on the sane side and their axons nove
dorsalwords to join the COCB axons at the ventral part of the

vesti bul ar nucl eus.

Peri pheral course: The entire efferent bundl e that arises fron

the superior live on both sides contain about 500 to 600 fibers

of 3-4 diameter and ngjority of themare OOCB fibers. These enter
the cochlea in the basal region and fromthe intraganglionic

spiral bundle. This bundle runs apical -wards and distri buted

peri pherally thoughout all turns towards the organ of corti.

Term nati on; The OOCB fibers conpose the tunnel radial

fibers, inthe cochlea. The tunnel radial fibers cone fromthe
nodi ol us, thorough the habanul a perforata between the pillar cells
across the upper portion of the tunnel of corti, and synapse at the

base of the outer haircells. The uncrossed ol i vocochl ear bundl es
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formthe inner spiral bundle in the cochlea. They penitrate the
foramna neurosa, then fromthere it turnin a spiral directionto
forminner ppiral bundle. After reachingthe |ateral aspect of
the inner piller, parts of the efferents fibers fromthe tunnel
spiral bundle. The inner spiral bundle fibers contain a few
neurofilaments, Sonme fibrous material, mtochondria and nany
vesicles of variable size and density (Smth, 1961). The tunnel
radial fibers include a totoal of some 8,000 fibers of varying
diameters from0.3 - 1.5 and finally there are approxi mately 40, 000

vesi cul ated nerve endi ngs at the base of the outer hair cells.

In the basal turn, each outerhair cell is provided with 6 to 8
efferent nerve endi ngs, a nunber which is gradual ly reduced towards
the cochl ear apex especially in the second and third rows of outer
hai rcel | s where the nerve endi ngs di sappear entirely in the

upper turns (Isku and Bol agh Jr. 1968).

Function of Efferent system The exact function of the effere

systemis not understood, but electrophysiological evidences
suggested that the systemia inhibiting in nature. Because of its
accessibility, the crossed OCB fibers has been the conponent
studi ed nost thoroughly. HEectrical stinulation of the COCB

Results in the fall ow ng aspects.

(1) Action potential decreases with COCB stinmulation,
(i1) The cochl ear m crophonic increases slightly,
(i1i) Endolynphatic potential is reduced,

(iv) Effect of GCOCB on summating potential.

(v) Presence of a slowpotential.

(vi) Effects of GOCB stinmulation on the acoustic pat hway.
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THE BRAI N STEM

The audi ol ogi st is capable of making distinctions wthin
the peripheral systemand there is anple evidence that he can
make distinctions in the central portion as well. Auditory
tests can divide pathol ogi c responses into at |east four groups,
conductive, cochlear, retrocochlear (MIIl nerve and brain sten
and cerebral (Katz, 1970).

In the figure the division which maynot be famliar is the
high and |l owbrain stem The high brain stemregion fefers to the
upper portion of the brain stem( including at |east the inferior
colliculus) the lowbrain stemrefers to the inferior portion
(nmost probably including the cochlear nuclei and the superior
olivary conplex). The auditory reception (AR centre refers
to Heschl's gyrus (the mddl e, posterior portion of the
superior tenporal gyrus in each cerebral hem sphere). The
nonaudi tory reception (NAR) protion includes the entire

cerebrum excl udi ng the AR centres.

Auditory synptons vary as a function of whether the brai nstem
Is affected by an extra- or intra-axial tunor. (Extra-axial
tunor neans tunors |ocated on the outside of brain stemand

intra axial neans tunors located with in the brain stem)

Lesions of the auditory cortex are relatively specific in
their auditory effects. Lesions involving the subcortical path-
ways, on the other hand manifest thenselves in a variety of
ways. According to the present know edge concerning the
neur oanat orny and neur ophysi ol ogy of the central auditory nervous

system one mght expect a lesion specific to the cochlear nucl ei
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to showipsilateral effects (Matzke and Foltz, 1972). |If the

| esion is superior to the major decussation of fibers occuring
at the level of the traphezoid bogy contralateral effects m ght
be expected. But clinical research has failed to denonstrate
such specific effects fromconfirned tunors of the brain stem
One possi bl e explanation mght be the relatively snall
anatom cal di mensions of the brainstemas conpared to that

of the neocort ex.

Extra-axial brain stemtunors gave ipsilateral centra
audi tory synptons, where as intra-axial tunors gave either

bilateral or contral ateral synptons.

Extra- and intra-axial tunmor cases were di chotom zed further
in terns of their audiologic nmanifestations. For exanple,
individuals with extra-axial brain-stemtunors exhibited a
greater loss of puretone sensitivity as conpared to those with

Intra-axial tunors by about 10 to 15 dB at all frequencies.
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BRI EF ANATOM CAL QUTLI NE G- BRAIN STEM

The cochl ear nerves enters the brain stemat the | ower
border of the pons. It afterwards divides immediately into
ascendi ng and descendi ng branches, which run to the ventral
and dorsal cochlear nuclei respectively. After synapsis in
the cochlear nuclei the majority of the second order neurons
cross over to the contralateral side and relay in the superior
olivary conpl ex or dorsal cochlear nucleus or join the
| ateral |emiscus. Sone fibers fromthe ventral cochlear
nucleus join the ipsilateral |emiscus after connections in
the nedial part of the olivary nucleus. The ascending fibers
of the lateral |emiscus thus contain neurons of both the
second and third order, and mainly fromthe contral atera
cochl earnucl ei. The ascendi ng acoustic pathway enters the
inferior colliculus in the upper part of the brain stem and
after synapses, the fibers run rostrally to the nedial
geni cul ate body. There are comm ssural connections between
the nedi al geniculate bodies. The acoustic pathway then
forns the so called '"auditory radiation' which termnates in

the tenporal |obe deep in the syvian fissure.
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ADIOVETRC FINDNGS |IN BRAIN STEM LES ONS

Audi onetric investigations of |lesions of the central auditory
pat hol ogy have now becone very fashionable and the question is
bei ng debated by an increasi ng nunber of investigators. D agnosis
of patients with brain and brain stem| esi ons was nmade by neuro-
| ogi sts or neurosurgeons using surgical, autopsy, radiologic and
ot her nethods for |ocating the disorders (Katz, ) The
continuous variability of data obtai ned was not yet allowed a
clear cut definition of the audionetric alterations of |esions
of the auditory tract at the brain stemlevel. (Calearo and

Antonel I'i, 1968).

G aphe (1896) has done a pioneer work on central auditory
di sorders. A considerable incedence of auditory troubles has
been pointed out in brain stemdi seases. It is stated that
heapi ng defect usually consists in a nore or | ess severe
heari ngl oss for puretones acconpani ed by a proporti onal
alterations of SRT AND DS. To find qualitative aspects of hearing
troubl es nmany tests were devised. Anong these tests investi-
gations wth puretone material aimat analysing the particul ar
aspects of auditory integration which are charecteristic of

every | evel of brain stem

G aphe (1896) reports one case of crossed speech deaf ness
in a lesions of the lateral |emiscus with preservation of
tonal hearing and simlar findings have been reproted by
Brunner (1936), Fal kenberg(1941), Kos(1955), Antonelli et al.,
(1963), Antonelli and de Mtri (1963), and E ckel et al., (1966).

Thi s phenonenon is |abell ed as "Tone- Speech di ssoci ation", and



it may be due to disintegration of sone particul ar sub-corti cal

| evel of elaboration and integration of the auditory nessage.

PURETONE ~ AUDI OCRAVG

I f the pathol ogi cal precess is localized in the brainstem
portion of the auditory systemor in the nmesencephal on or
di encephal on, all degrees of inpairnment of hearing have been
described fromthe mldest, unilateral to a very severe bilatera
increase in the thresholds of audibility, but total unilateral
or bilateral deafness has never been observed in this condition.
(Krassing, 1950, Geiner et al., 1956; Saltzman, 1952; Arnold,
1951; Ladyzhenskaya, 1960; Pol t z1946) .

Normal or Transmssion type alterations in audi ogramwere
observed by Antonelli and Cal earo(1968). Sone workers consider
t hat audi ograns of parobolic shape resulting frominpairmnent of
hearing at | ow and high frequencies are characteristic of |esions
of the brain stem(Appai x et al., 1957; Jatho, 1954; Geiner et al
1954). A tendency toward | ow frequencey hearingloss in the
ipsilateral ear in early brainsteml|esion cases. There is often
sonme evidence of a | ow frequency devi ati on which shows up in

the contral ateral ear as well (Katz, 1976).

Lesions of all the central parts of the auditory systemare
characteri zed by absence- of sound | ateralizationin webers
test despite asymmetry of the thresholds of audibility shortening
of bone conduction and absense of the rapid increase in |oudness
phenonmenon. However Geiner et al.,(1957) have recently detected

positive recruitment in brain steml esions, which they associate
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with disturbances in the cochlea resulting fromthe invol venent
of the efferent pathways of the auditory system through which
the systemof the inner ear is controlled by the higher centres
(Thi ebaut et al ., 1956, Pfaltz, 1963) in the pathol ogi ca
process. According to Goodnman (1957) WI dhagen (1954), and
Bittrich (1956), the increase in the threshol d di scovered in

di seases of the brain stemnmay apply mainly to the honol atera

ear.

SPEECH TESTS

Di ssoci ati on between a gross di strubance of the discrimnation
of speech and the slight changes discovered by tonal audionetry
I's regarded as charecteristic of |lesions of the brain stem (Jerger
1960, Bl agoveshchenskaya, 1965; Tsi mernman, 1967). D scrimnation
score for nornmal sentences was in accordance w th puretone
threshol ds in approxi mately 78 percent of the cases and 22 per
cent had tone-speech di ssociation(Calearo and Antonel li, 1968).
Par ker, Decker and R chards (1968) found puretone sensitivity
ranging fromnormal to a severe loss of sensitivity with a high
frequency | oss being the nost predom nant configuration. Wrd
di scrimnation score varied between O and 100 percent and | oudness
recruitment varied fromabsent to conplete. Jerger(i960
presented a case with right side brain steml esion havi ng nornal
puretone thresholds in both ears but wth a considerably reduced
speech discrimnation score for left ear ( contralateral to | esion),
He had a score of 100 percent for right ear and only 24 per cent

for the left ear when the speech was presented at 40 dB SL.



ACOUSTI C  REFLEX MEASUREMENTS

The stapedial nuscle contracts reflexively when the ear sti-
mulated with a sufficiently loud sound. The contraction occurs
bilaterally, even when only one ear is stimulated. It is known
that puretones with an intensity |level of 60-105 dB above the
threshol d of hearing produce inpedence changes in both ears.
(Metz, 1946, 1951, Jepsen 1951, 1955, Ewertsen et al ., 1958,

Kl ockhof f, 1961; Terkil dsen, 1960;: Bal | os; 1964, Jerger et al .,
1972; Borg and Zakrisson, 1974; Wodfor et al., 1975, Fria et al.,
1975, and Brask, 1978). The nedi an threshold val ue for the
stapedial reflex to puretone signals is approximately 85 dB

HTL and approxi mately 65 dB HIL for white noi se.

PATHMYS CF Acoustic Stapedial Reflex: The neural network

involved in the reflex activation of the stapedi us nuscle during
acoustic stimulation is not known in detail. Studies done on
ani mal s have shown that the pathways of the acoustic ptapedi al
reflex are located in the lower part of the brain stem (Cqj al,
1909, Hanmmerschl ag, 1899, 1902; Tsukanoto, 1934;: Rasnussen

1946; Borg, 1973). The pathways for ipsi- and contral atera

stapedial reflex are not identical.

| psil ateral pathway of Stapedial Reflex: During acoustic

stimulation, electric inpulses fromthe sensory cells in the
cochlea are transmtted through the prinmary acoustic neuron
to the ventral cochlear nucleus. The primary acoustic neurons
constitute the acoustic nerve. The majority of axons fromthe
ventral cochl ear nucl eus pass through the traphezoid body to

the nmedial part of the facial nmotor nucleus and fromthis
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nucl eus the electric inpul sesare transmtted through the

facial nerve to the ipsilateral stapedius nmuscle. In addition
sone nerve fibers pass fromthe ventral cochl ear nucl eus through
trapezoid body to the ipsilateral nedial superior olive. From
this nucleus the electrical inpulses are transmtted via a
third neuron to the nedial part of the ipsilateral facial

not or nucl eus.

Contral ateral Stapedial Reflex pat hway: The el ectrical inpulses

fromthe sensory cells in the cochlea pass via the prinary
acoustic neuron to the ventral cochlear nucleus, fromthere

the electric inpulses are transmtted through a second neuron

to the region of nedial superior olive. A third neuron connects
the medial superior olive to the nedial part of the contral ateral
facial motor nucleus. A fourth neuron transmts the electric

| npul ses fromthe facial notor nucleus to the contral ateral
stapedius nuscle. Thus the ipsilateral Stapedial arc contains
three,partly four neurons, and the contralateral reflex are

cont ai ns four neurons.

In the eval uation of central auditory disorders the goa
is to differentiate anong three different sites; the eighth
nerve, the brain stem and the tenporal |obe. |In the application
of i npedence audi onetry toward this goal acoustic reflexes provide

the primary basis for differential diagnosis.

One inportant distinction between crossed and uncrossed
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reflex pathways is that the uncrossed refl ex pathway contains
a direct connection fromthe Central cochlear nucleus to the
i psilateral seventh nerve nucleus (Borg, 1976). In contrast
crossed fefl exes donot have a direct collateral to the seventh
nerve nucl eus froma second order neuron. ossed reflexes
are always activated through one additional relay in the

regi on of MSQO

A nore conpl ex neuronal organisation for crossed than
for uncrossed pat hways has been repeatedly supported by
phar nocol ogi ¢ studies denonstrating a greater susceptibility
of crossed reflexes to sonme anasthetics. 1In rabbits and
humansbar bi t urat es such as Pentobarbital sodi um consistantly
depress crossed reflex threshol ds nmore than uncrossed threshol ds
(Borg and Holier, 1967, 1975). Simlar crossed reflex
abnormalities in normal human subjects with tenporary brain stem
i npai rment due to barbiturates (G aconelli and Mbzzo, 1964; and

Bostra et al; 1977).

Interest in acoustic reflexes as an integral part of the
central auditory systemwas initiated in 1935 by Lorente de No.
In Italy Gaconelli and Mbzzo (1964) reported crossed reflex
threshold abnornmalities in patients with toxic, vascular and/or
conpressive brain stemdisorders and in normal subjects with
transient brainsteminpairnent due to barbiturates. Qeisen
and Rasnussen (1970)reported a di screpancy between uncrossed
and crossed reflex thresholds in 2 patents with intra-axial

brain stemdi sorders. |In 1975, Jerger formally classified
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t he uncrossed vs crossed reflex threshold patterns characteristic
of eighth nerve or extra-axial brain stemand intra-axial brain

stem sites.

REFLEX PATTERNS I N BRAI' N STEM  PATHOLOGY:

The useful nethod for visualising the results of the crossed

and uncrossed acoustic reflex are shown in figure.

1,000 Hz is the reflex eleiciting signal both for corssed
and uncrossed reflexes. \Wen all reflexes are present at nornal
HTLs the boxes are left open, |If the reflex is abnormal the

box is hatched, and if the reflex is absent the box is filledin.

A horizontal pattern of reflexes are seen in brain stem
pat hol ogi es. The figure shows absence of crossed acoustic reflex
in both ears. Reflexes are present to signals presented in
uncrossed condition. This type is seen in intra-axial brain stem

di sorders.

A rare "Unibox pattern" (Jerger, 1979) is also seen in specific
brain stemdisorders. There is absence of one crossed acoustic
reflex. The other crossed reflex and both uncrossed acoustic

refl exes are present at noinnal |evels.

In Jerger's(1977) study there were no false positive
findings in either the eighth nerve or intra-axial brainstem
group. Subsequent to Jerger, Borg (1973) denonstrated the
uni box type in a rabbit. dinically however the unibox reflex
pattern doesnot distinguish between eighth nerve and intra-axia

brain stemsites.



One observation is that in animals and humans wth

brai nstem di sorders, acoustic reflexes may show unusual |y
reduced anplitude and/or anplitude decay. Al though reflex
decay is s diagnostic measure of eighth nerve or extra-axial
brain stemdi sorders, recently it is reported substantially
reduced maxi num anplitude or reflex anplitude decay in patients
with pure intra-axial brain stemauditory disorders and no
known abnormality of the eighth nerve per se. Thus reflex
decay neasures nmay of fer val uabl e suppl ementary information to

basi ¢ threshol d dat a.

Many investigatory (Borg, 1973, 1976, Borg and Ml | er,
1975, Mc Candl ess and Harner, 1975; Coletti, 1975; Bosatra,
1975, and 1977) have shown that the reflex tine course in
animal s and humans with brain stemdi sorders may show del ayed

onset latency and an unusually slow rise to maxi mum anplitude.

When the stapedius reflex response is recorded on a
graphic recorder, in cases with brain steml esi ons, one
observes a cupula like pattern. Both the latency and the
threshold of reflex response are increased (Bosatra and

Russol o 1970).

Bosatra, Russolo and Poli (1975) investigated the effects
of different pathol ogical conditions at the brain stemon the
acoustic reflex. Brain stemtunor gave rise to bilatera
absence of reflex. An inpairnent in the central portion
of the reflex are affected the shape, devel oprment, threshold

and | atency of reflex contraction.
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Ref | ex neasurenents were also found to be useful in
nonitoring the recovery frombrain stem di seases (Jerger,

Neely and Jerger, 1975).

It may be concluded that brain stemlesions nanifest
thenmselves in alterations of contralateral reflex while

they donot alter the ipsilateral reflex responses.

The above nentioned acoustic reflex patterns and the
refl ex decay patterns do not necessorily represent every
possi bl e case. Neverthel ess, they are hel pful in assessing
and interpretting results of the acoustic reflex tests. By
| earning the various reflex configurations associated w th
different auditory disorders, the clinician can sharpen

hi s/ her di agnosti c acunen.
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THE STAGCEERED SPONDAI C WORD TEST ( SSW TEST)

Speech audionetry seens to be the nost useful approach
to the evaluation of the central auditory nervous system ( CANS)
The SSWtest is a dichotic procedure (i.e., different signals
are presented to each ear). The subject is expected to repeat

bot h nessages.

Kat z (1962, 1968) devised SSWt est. Her e spondai ¢ words
were chosen to reduce test errors due to peripheral hearing
pr obl ens. Spondai c words are relatively famliar to nost
patients and are essentially 100%intelligible over a w der
range of intensities than nonosyll abi c words. The SSWis a
battery of central test, that can be given in ten m nutes.
It is not a demanding |istening task for normal individuals
|l even to sixty years of age. A spondaic words is presented
to each ear at 50 dB above threshold and the |istener is asked

to repeat both the words.

SSW TEST NATER AL

Each test itemis conposed of two spondees recorded in a
partial |y overl apped fashion, so as to send one spondee to each
ear. Each ear receives stipulation in isolation as well as

I n conpetition with the other.

For exanple, Here 'W' is heard as a " right non-conpeting
(R-NC) condition, while 'Stairs' and 'Down' are heard as right
conpeting (R-C) and left conpeting (L-C), and ' Town' is heard

as the left non-conpeting (L-NC).
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The test consists of four practice and forty test itens
taped on two channel tape recorder. Test is admnistered with
| ndependent control of presentation levels for each ear. It
Is admnistered at 50dB sensation | evel (Speech) i.e., 50 dB

above the SRT | evel

Scoring is done as shown figure. Here an error is counted
for each nonosyllable or half spondee incorrect. Errors can

be word substitutions, non-linguistic substitutions, or omssions.

R NC RC LC L-NC
17 27 10 5
Ri ght Ear Left ear.
22 8
Total SSW
15

Initially errors for each condition (RC, R NC, L-C & L-NC
are individually sumed. | ndi vi dual ear performance is the

average of the conpeting and non-conpeting errors for the ear

I n questi on.
(RRNC+tR-CO) + (L-NC + L-Q
2 2
2
- 17+27 + 1045
-2 2
2
=22 + 8 =15

PERCENT OF ERRCR Each score is multiplied by 2.5 to con-

vert into percentages.
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R-NC RC L-C L-NC
42% 68% 25% 12%
R ght Ear Left Ear
55% 18%

Total SSW
36%

CORRECTED SSW SCORE:

The raw soores are corrected to reduce the effect of word
discrimnation errors. The percentage of word discrimnation

error is subtracted fromthe SSWerror score for the sane ear.

For exanple: A patients discrimnation score was 92%for the
right ear and 82%for the left leaving 8 and 18%error for
right and left ears respectively. For the R-NC condition the
corrected SSW(C SSW score woul d now be 34% (42%- 8% . The
averageword discrimnation error for the two ears woul d be
subtracted fromthe total SSWerror |eaving an error of 23%
(36%- 13% . The GC SSWscore now be

R NC RC L-C L- NC
34% 66% 7% - 6%
R ght Ear Left Ear
47% 0%
Total SSW
23%

A very inportant part of the test is the G SSW score.
Usi ng G-SSWscore w dens the application of the SSWto patients
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wi t h peri pheral hearingloss. Valuable infornation then nmay be
derived frompatients as to their central auditory system even

i f they do show the evidence of peripheral hearing | oss.

Three patterns of response sonetinmes ecountered on the

SSWare the reversal the ear effect and order effect.

For each test itemnost patients reports the |eading
spondee first. However, sone will giveword reversals which
are noted on the answer sheet but are not included in the basis
scoring. The two nost common cl asses of reversals are true
reversal and probable reversal. A probable reversal is
simlar with the exception that an error on one of these
reversals is termed total reversals. Katz and Pack (1975)
I ncl uded questionable reversal recently. A questionable reversal
I's where one of the four half spondeed is omtted while
the other three are given out of order. The sumof true

probabl e and questionabl e reversals is termed nmaxi numreversals.

Sinee test itens are presented to each ear serves as the
| eadi ng ear for half the test itens and the trailing earfor
the other half the SSWscores shoul d not be contam nated by
various response biases. |In spite of itemcounterbal ancing
an ear effect and/or an order effect is evident in sone

patients.

NCRVATI VE DATA OF SSWTEST: A series of studies have deal t

with normal hearing subjects on the SSWtest, List EC and its
forerunners. In all instances the format of test presentation

has been identical.
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As woul d be expected individuals with normal hearing
conductive and sensorineural hearing | osses generally perform
in the normal ranged Patients w th noderate or severe scores

can be suspected of naving disorder of the auditory reception

center.

Patients with mldly abnornmal scores may or may not have
a CANS |l esion. Sone patients have been called for want of
nore definitive informati on as abnornal listeners. Mre
commonly this category includes individuals with conductive
or sensorineural losses or patients with CNS | esions |ying

outside the prinmary auditory reception area.

In clinical application one conpares the nost extreme corre
SSWscores, either positive, or negative, for condition ear and
total SSWscore to be standard. Katz and associ ates (1973,
1975)note that anong the three score categories, the ear
score often is the nost sensitive to the presence or absence

of a CANS probl em

The SSWtest can be used to illustrate the sel ective
sensitivity of central auditory procedures. The nost sensitive
pat hol ogi ¢ regi ons whi ch can be denonstrated by the corrected
staggered spondaic word (G SSW score ( noderate or severely
depressed) are the auditory reception centers and high

brain stem

Wth lowbrain stemlesions there is a sharp drop in errors
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into the over corrected category (significantly negative)
as opposed to high brain stemand auditory reception cases

(highly positive).

Lynn, Glroy et al., (1972, 1974, 1975) have been
particularly successful in denonstrating the clinical
val ue of CANS tests. They have denonstrated systanatic
performance on central auditory tests such as SSWin patients

wth lesions in the brain and brain stem

Katz (1970) showed the G SSWscore is an excell ent
di scrimnator between high and | owbrain stemlesions. W
shoul d not conbine high and | ow brain stemresults when
studyi ng SSWtest because the brain stemis very nuch
differentially sensitive. Qher wse there will be a w de range

of scores for brain stemcases (Jerger and Jerger, 1975).)

SSWscores are conpared with the results of the conpeting

environnental sound test (CES) ( Katz, 1975).

Thus far there is relatively little known about CES,
however it is apparent that the conparisons with the SSW
scores can be thrown off by sensorineural hearing | oss
(Lenox and stone, 1976). Recently Katz reported a study where
aman wth focal lesion of the thalanus on the left side
was tested. The SSWresults were quite normal but CES
was depressed. The SSW CES conpari sons suggested right
hem sphere invol venment. This case and ot her suggest that

deep brain disorders and brain stemlesions do not necessorily
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followthe expected contral ateral pattern (Katz 1970, 1977).

SSWtest is used in conjunction with both standard and spe
speci al audi ol ogi cal procedures for |ocalizing brain and
brain stemdi sorders. The SSWanal ysis is highly dependent
on the audiologic test battery and should not be interpretted
wi t hout these data such as pure tone threshol ds, word
di scrimnation scores (WDS) tonedecay, and acoustic reflexes.
Further confidence and refinenent of the audiol ogic
di agnosi s coul d be had by using one or nore other central

tests.
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SYNTHETI C  SENTENCE | DENTI FI CATICN TEST
(SS 1 TEST)

Sent ences whi ch are purposely and systenatically
diverted fromthe standard rul es of gramrer and syntax
wer e devel oped as an adjunct to standard speech audi onetry
by Charl es Speaks and Janes Jerger in 1965. The rationale
for devel oping this technique was to avoid the use of single
wor ds and single words and single syllable words in
particul ar, The devel opnental purposeof this test was to
have avail abl e verbal nmaterials far auditory research that
were of sufficient duration to permt systematic alterations
of tenporal charecteristics of the speech nessages. They
i ntended to devel op sentences of controlled | ength and

i nformati onal content.

The advant ages of speech identification over classical
techni ques are that the nessage set is closed and of
controlled size. Testing procedures presented m ni nal
opportunity for experinentor error and | earning or practice
effects for a nessage set could be determned with rel ative
ease. The idea of using synthetic sentences was persued
in order to avoid the problens involved in using 'real’
sentences, i.e., the neaning of a real sentence and so
t he whol e sentence can be conveyed by one or 2 key words.

It is difficult to construct equival ent nmessage sets of
real sentences because of factors of vocabul ary word
famliarity, word | ength, sentence |l ength, and syntactica

structure. The synthetic sentences are verbal materials
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havi ng m ni mum contextural clues and m ni nrum r edundencey

when conpared to actual english sentences.

The procedure for constructing artificial sentences was
based on MIler and Selfridge (1950) mnethod where successive
words in the sentences were selected on the basis of
‘conditional probabilities', with each newword conditioned -

on the precedi ng wor d.

Fi rst order approxi mations of sentences were constructed
by choosi ng successive words at random fromthe origi nal 1000
Second order approxi mation sentences were constructed by
random sel ection of the first word and then having an
i ndi vi dual supply, a second word fromthe pool that woul d
reasonably followthe first. This is continued until the
desired sentence | ength was reached. Third order approxi -
mati ons were devel oped by having any new word conditi oned
on the 2 words that preceeded it. One of the word pairs was
sel ected at randomfromthe second order sentences and
an individual supplied the third word fromthe word pool .
The last two words were given to a new person who sel ected

a third word, and so on.

In 1968, Jerger, Speaks, and Trammel used SSI test
clinically. 1t was recognised fromearlier that the
identification task was too easy if the sentences were
presented in quiet, and although the patient had very
poor discrimnation scores for nonosyl | ables, the SSI score
reached maxi num of 100 percent at high intensities. So they
used an ipsilateral conpeting speech nessage of continuous

di scourse added to the sentences to nmake the task nore difficult.
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Bef ore admnistering the SSI test, pure tone audi ogram
shoul d be noted. The SSI test is not admnistered to
patients with peripheral hearingloss since results in
these patients could be equivocal reflecting either the
peri pheral or central auditory problem |In addition to
essentially normal puretone sensitivity the hearing threshol ds
should be bilaterally symmytrical. For exanple, if one ear
is O dB and other is 20 dB, the test is not admni stered
al though the sensitivity is withinnormal limts in both

ears.

SSI performance is neasured at an intensity necessory for
100%correct performance in both ears, usually 50 dB SPL,
al though sone patients may require intensities higher than
50 dB SPL to achieve the 100%criterion in both ears. Three
practice trials (i.e., three blocks of the same 10 sentences
indifferent orders) are sufficient to reach an asynptonmatic
| evel of performance and further test results will not

reflect Iearning or practice effects.
PROCEDURE:

In the first node tape recorded synthetic sentences were
presented by nel odi ous nal e voice to one ear while the other
simul taneously received a narrative by the sane speaker.

Fol lowi ng this technique the ears receiving the nessage and
conpetition, respectively were reversed. The second node

conbi ned the sentences and the conpetition of connected di scourse
for presentation to first one ear and then the other. IN

both the opposite side, or contral ateral conpeting nessage
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(CCM and the ipsilateral conpeting nessage (I CM, or

sane side procedures, performance was neasured at vari ous
nessage - to - conpetition ratios(MCRs). Wth the conpetition
nerrative generally fixed at 50 dBSPL the MCRs, were varied in
20 dB steps fromO dBto -40 dB for the CCMcondition, and in
10 dB steps from+10 dB to -20 dB for the | GMcondition.
Results on both nmeasures were plotted as the averages of the
scores of the various MCRs. Nornal perfornmance was 100%
correct at all MCRs for COMs and ranged fromnearly 100%to

about 20%on the 1OV with increasing conpetition intensities.

RESULTS | N BRAIN STEM PATHOLOGY CASES:

Brain stemlesions are characterised by poor perfornance
for IGMand rel atively good performance for CCM The QM deficit
are observed on the ear contralateral to the |esion unless
the | esion extends across the mdline, in which case | CM

performance is depressed bilaterally.

Jerger and Jerger (1975) in their study had the results
on 11 patients with carefully defined intra-axial brain stem
| esi ons, who were given both the CCMand | GMtasks were
strikingly dissimlar for the two tasks. Al the 11 patients
exhi bited very poor perfornmance on the ICMtest, Perfornmance
scores on these patients averaged 37%on both ipsilateral
ear and contral ateral ear. Wen averaged across MCRs of O,
-10, and -20 dB where as nornal s avergge 76% The naj or finding
inthis study was that | CMperfornmance, though variable,

was consistantly poor in all cases having intra-axial brain stem
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| esions. CCMperfornmance on the other hand, was nornal
in all except three cases with mldly abnormal results.
An intriguing aspect of these results is the fact that they

show ICMto be a neasure of brain stemdysfunction.

In a study done by Jerger and Jerger (1975) they
used SSI and SSWtests (Katz, 1962) were admni stered
to the two groups. ne group consisted of 10 patients
wth intra-axial brain stemlesions and the other group
of 10 patients with tenporal |obe Iesions. The results
were in general agreenent with the earlier study, specifically
on the ICMtest, the brain stemgroup had an i npairnent
of about 40%on the contral ateral ear only. n the tenporal
| obe group nean | OMperfornmance was depressed about 30%
on the ipsilateral ear and 40%on the contral ateral ear.
CCMresults on the other hand, were in the normal range
for the brain stemgroup and the tenporal group had a

deficit of approxinmately 20%on the contral ateral ear.

Jergers conparison of SSI and SSWresults is of consi-
derable interest. The SSWwas found to show significantly
reduced scores for the tenporal group but not for the brain stem
group. The overriding principle that characterised the conbi -
nation of the two procedures was that the brain stempatients

consistantly showed SSI-1CM deficits where as tenporal | obe
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Robert WKeith (1977) denonstrated a case (reprinted
fromJerger and Jerger, 1975) a 43 year old | ady who

suffered severe head injuries nine years ago. Results indicate

(a) A pure tone average of 30dB HTL in the
left ear and 12 dB in right.

(b) Nornmal tynpanonetry with acoustic refl exes

at 85 dBin both ears. Extrenely rapid
refl ex decy was present on the left and
absent in the right ear.

(c) 70-80 dB tone decay in the high frequencies
of the left ear none in the right ear

(d) Type Ill Bekesy tracing in the left ear,
Type | in the right ear.

(e) Speech discrimnation (PAL PB-50) in white
noi seat dB SN yielded 24% | eft and 52%
right.

(f) Reduced performance on the bi naural fusion
and | ow pass speech subtests of the WIlleford

battery, the SSWand SSI-1CMon the left.

These results indicate that this person has possible
damage of the auditory pathways at all levels fromthe
auditory nerve on the left side, through the brain stem

wi th possible tenporal |obe damage to the right hem sphere.

LIMTATIONS CF SSI TEST: It involves visual as well as

audi tory tasks which mght penalize or have limted application

for a population of illeterates or retarded adults who cannot
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read, and those wi th visual handicaps. Its use would also
precl ude younger children w th undevel oped reading skills or
those with whomthe central visual and auditory process

are not nutually facilitating events.

The SSI procedure seens to be an effective nethod of
differentiating site of |esion when used in conduction with
other auditory tests. The procedureappears to distinguish
brain stemsite of lesion while other tests nay be nore effective
inidentifying tenporal |obe site. SSI-I1CMperformance is
usual Iy poorer on the ear opposite the brain steml esion.

But perfornmance is sone tinmes depressed in both ears. Scores
are not usually depressed on the sanme side as the brain stem

|l esion. SSI-COMperfornmance is usually good with brain stem

| esions relative to tenporal |obe | esions where the perfornmance
Is reduced in the contralateral ear. This test also has the
advantage of having reliable normative data and substanti al
supportive evidence of ist devel opnent that nmay be useful

in future inplications.
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FILTERED SPEECH TESTS

The neural fibers from each cochl eaare represented
bilaterally in the systemcentral to the cochlear nuclei.
There are nunerous comm ssural connections at various |evels
in the auditory neuroanatony. This arrangenent provides for
duplicate information in various parts of the systemand is
referred to as Internal redundancy. (Korson-Bengtsen, 1973)

or intrinsic redundancy (Bocca and Cal earo, 1963).

Extrinsic redundancy referes to the wealth of information
I nherent in the speech nessage. Specifically, extrinsic
redundancey refers to those aspects of normal speech such

as frequency range, tenpo, rhythm duration and | ength.

Patients with I esions of the central auditory nervous
systembut with a nornal peripheral hearing nmechani sm
shoul d not show a | oss of understanding for an extrinsically
redundant nmessage. The inplication is that the | oss of
intrinsic redundancy is conpensated for by the full
extrinsic redundancy of the nmessage. However, if the
extrinsic redundancy of the nessage is purposefully reduced
as well as the patient having a | oss of intrinsic redundancy
due to a central auditory lesion, the result would be a

break down i n conprehensi on.

Fil etered speech reduces the extrinsic redundancy of
t he speech signal by selectively attenuating portions of

its frequency spectrum
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Speech signals can be nade | ow redundant by neans of
electronic filters, which attenuate parts of the frequency spect
The discrimnation of filtered speech varies considerably with
the type of filters used.i.e., high pass, |owpass, or band pass

filters, as well as with the verbal materi al .

Nor mal persons can nmanage fairly large reductions in
the frequency spectrum of speech signals before any decrease
occurs in the discrimnation scores. Wth a lowpass filter
with cut-of f frequency around 800 Hz, or band pass filters with
the sane rejection of frequencies, the intelligibility of sent-
ences is 70-90%at 35-50 dB sensation | evel. (Hrsh, 1954;
Bocca, 1954; 1955; Linden, 1960; Maspetiol et al, 1964, and
Kor san- Bengt sen, 1960, 1970.)

The nost inportant frequencies of speech material such
as C/C nonsense syllables and PB-words range from 1500 to
2500 Hz (French and Steinber, 1947; Pollack, 1948; and
H rsh, 1954).

The use of bandpass filters in the | ow frequency area usual |
result in sone what high discrimnation scores than the | ow
pass filters wth in the sane frequency range. This as
because of a masking effect of the nost |ow frequency sounds

in lowpass filtered speech (Palva, 1965).

PROCEDURE:

The frequenci es above 500 Hz were selectively attenuated

at the rate of 18 dB per octave. The uni que aspect of this
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particular test is that the stinmulus words were specially
chosen froma pool of Mchegan ONC words which after filtering
remai ned highly intelligible to a group of normal hearing
adults. The rationale for using such stimuli was that they
shoul d represent an easy task for persons other than those wth
central auditory deficiencies. The presentation is done
nonaural |y and the presentation level is 50 dB SL. either

the PTA or SRT for subjects with nornmal hearing sensitivity.

The results obtained with filtered speech test in
brain stemlesions vary nore than in patients with cortica
di seace. Calearo and Antonelli (1968) investigated 24 cases
with brain stemlesions, 8 had tunors, and 16 had | esi ons
due to multiple sclorosis, infections or vascul ar di sorders,
O 23 tested with filtered speech, 8 showed a nonol atera
deficit, and 4 a bilaterally reduced score. Jerger (1964)
in 7 patients with brain stemlesions, found 24%difference
in the discrimmnation score between the hono- and contral at eral

ear for |ow pass filtered speech.

Met zker (1959) was the first to apply the binaura
resynthesis of 2 bands of filtered speech as an index to
brain stempathol ogy. A list of 41 two-syllable Gernan
Phonetical | y bal anced words were sinultaneously passed
t hrougha | ow pass band (500 to 800 Hz) and hi gh pass band
(1815 to 2500 Hz) filter at intensities which were preset

for mxinumintelligibility for each pass band. The



presentation was done 3 tines. |Initially, the binaural signal
was presented so that the right ear received only the high
frequency band and |l eft ear received only the | ow frequency.
I n second presentation of 41 words in which both frequency
bands were presented to both the ears in a diotic nmanner.
The third presentation involved the repetition of the
initial test procedure. Normal test results were reflected
by relatively fewer errors in the third presentation than
inthe first. The author's exanples inplied that the nunber
of errors in the diotic (second presentation) and second

bi naural presentation(third presentation) were approxinately
the same. 1In contrast pathologic results were reflected by
a hi gh nunber of errors in the 2 binaural presentations, and

an i nprovenent under diotic stinmulation.

Met zker felt that, his test procedure was sensitive
to lesions of the brain stemaffecting the auditory pat hways
and to the generalized atrophy of the central auditory nervous
systemdue to agi ng (presbycusis). Unilateral cortical auditory
pat hol ogy should not result in abnornal test results due to
the normal auditory cortex's ability to receive sufficient

synthysis fromthe intact brain stem

H yashi, Chta, and Morinoto, (966) and Chta, H yashi
and Morinoto (1967) used Metzker's principle utilizing bands
of 300 to 600 Hz and 1200-2400 Hz w th nonsense syl |l abl es
serving as the signals on 78 cases. These researchers

reported that individuals afflicted with sensorineura
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heari ngl oss coul d successfully resynthysize the binaurally
presented material. It was therefore concluded that the
test could be used in the assessnent of both brain stem and

cortical pathology in the presence of peripheral hearingl oss.

Linden (1964) utilized a simlar test of binaural fusion
with a | owpass band of 560 to 715 Hz and a hi gh pass band of 16
to 2200 Hz. Wen the binaural resynthysis test was presented
to subjects with various central pathologies, the ability
to resynthysize speech was reduced to the sane percentage
value as the intelligibility of filtered speech presented

nonaur al | y.

DICHOTI C BINAURAL FUSION  TEST

Smth and Resnick (1972) published prelimnary results
fromthe "D chotic binaural fusion test" (DBF Test). This
was based upon Metzker's principle and prinmarily designed
to differentiate brain stemfromtenporal |obe pathol ogi es.
The D chotic Binaural Fusion test nmaterials consisted of
t hree 50-word consonant - nucl eus- consonant type (CNC
| i stspresented over bands of 360 to 890 Hz and 1750 to
2220 Hz. The test was presented under 3 conditions. The
first condition consisted of a dichotic presentation of the
| ow band signal to one ear and high bend to the other. The
second condition consisted of a diotic presentation where
bot h bands were presented to both ears sinultaneously. The
third condition, consisted of another dichotic presentation

simlar to first condtion, except that the | ow band was



presented to the ear which originally received the hi gh band
signal and vice versa. It was found in normal hearing

bi l ateral sensorineural hearingl osses and those with tenpora
| obe | esions scored simlarly under all three conditions.
However, in the ease of confirmed brain stempathol ogy there
was a significant enhancenent in the diotic condition over

atl east one of the dichotic conditions.

Fel dman (1964, 1967) presented dissimlar three syllabic
words at high intensity | evels simultaneously to both ears.
Young normal subj ects achi eved 100%di scri mnation score in
both ears in this dichotic listening condition. Patients with
di ffuse central |esions had decreased discrimnation bilatera
wi thout any difference between the ears. In |ocal |esions of
central hearing pathways perception by ipsilateral ear was
reduced when the brain stemwas injured, while patients with
| esi ons above the inferior colliculus achieved only a reduced

score for the contral ateral ear.

Pal va and Joki nen (1975) used Metzker's principle in their
test. They tested over 2000 patients with a resynthysis of
filtered speech procedure. It involves the presentation of
2 bands of filtered words. The band wi dths were 480 to 720 Hz
and 1800 to 2400 Hz. Each seperate band yi el ded a di scri mnati on
score of approximately 15 to 20%. However, when t he baads was

presented sinultaneously, in either a binaural or nonaural no
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the discrimnation score typically increased to about 80%
i n nornal hearing young subjects. The test words were

presented at 50 dB SL.

There are 3 discrimnation scores, The first score was
obt ai ned by presenting both bands to the right ear. The second
score resulted fromthe sane 2 bands being presented to the
left ear. The third score resulted fromthe dichotic presentation
of the filtered speech bands (the | ow frequency band i s presented
toright ear, and the & gh frequency band presented to the |eft

ear). The scores were reported in the follow ng manner.

R ght ear
Bi nanr al

Left Ear

I n cases of brain stempathol ogy, assynytry in the nonaural
test was found in either the contralateral or ipsilateral ear
conbi ned wi t h poor bi naural discrimnation, or poor discrimnation
scores under all three nodes of presentation. It was reasoned
that the binaural score should be a significant factor in
di stinguishing a central froma brain stemcentral auditory
disorder. If brain stemlesions occur in areas peripheral to
t hose regions responsi bl e for binaural hearing, the binaural
score shoul d be reduced to the sanme |evel as that of the poorer
ear. However, the binaural discrimnation score should be
relatively high in lesions involving the auditory cortex because
normal fusion occurs in the intact brain stemand may be success-

fully integrated by the nondi seased hem sphere.



TIME COWRESSED SPEECH TEST

Jerger (1960) noted that because of the conplexity and
neural redundency of the central nervous system neasures of
retrocochl ear pathology require stimuli of conplex nature.

Cal earo and Lazzaroni (1957) and de Quiros (1964) recognised
this probl em and consequently enpl oyed ti ne-conpressed speech
signals as a neasure for evaluating lesions in the centra
auditory nervous system Calearo and Lazzaroni pointed out

that the tine conpression reduced the external tenporal redundan
of the nornmal speech signals, thereby increasing the difficulty
processing task by the internally redundant central nervous
system Unfortunatley Cal earo and Lazzaroni (1957) and de
Quiros (1964) were not well described and even the nornal

data were not provided for clinical use.

Early interest in the study of time-altered speech was
nmade possi bl e by the devel opnent of the tape recorder. By
enpl oying the tape recorder, investigators |ike Fletcher (1929)
were ablefto record a nessage and subsequently play back the
nmessage at a faster or slower speed than was originally
recorded. This fast playback procedure enabl ed the investigator
to retain control of certain proportional relationships inherent
inthe original isgnal. Unfortunatley the fast/slow play back
procedures resulted in undesirable shifts in the frequency

charecteristics of the recorded signal.

Grvey (1953) enployed a chop-slice procedure in order to

overcone the problemof the frequency shifts associated with the
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fast/sl ow pl ayback technique. In this procedure, certain
segnents of the recorded signals were nmanual ly cut fromthe
recording and the retai ned sanples were spliced back together.
In this way they could vary the tenporal nature of the signa

wi t hout undue distortion of the frequency characteristics of th(
signal wtY%en=6as originally recorded. In addition, the
investigator was able to delete and retain selected segnents

of the signal and to systematically vary the tenporal |ength

of these segnents. The procedure has been used frequently

when specific control of the deleted or retained sanples

was necessory (Beasley and Shriner, 1973, Schuckers, 1973).

Fai rbanks (1954) devel oped el ectronechanical tine
conpressor/expander in order to overcone the probl ens associ at ed
with the fast/slow playback technique and chop-slice procedures.
| nvestigators could record a signal and subsequentl|y delete and
retain sanples of the signal automatically using the above
instrunment. Further theretained sanples were el ectronechanically
‘spliced" back together such that the end product was a recorded
version of the original recording, which was some specific
percentage shorter or conpressed or,longer or expanded than
the original. The principles of the Fairbank's conpressor were
subsequent |y enpl oyed by Lee (1972), who devel oped an i nexpensive
and portabl e conpressor/expander which enployed a snall tape

recorder and a mni conputer

Current interest in the clinical application of time
conpressed speech dates to a study by Luterman, Wl sh, and
Mel rose (1966) followed by a study by Sticht and Gay (1969)

who presented the 1D W22 word lists to normal hearing and
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sensorineural hearing inpaired young and aged adult |isteners
They concluded that their results indicated that time-altered
spee&h, as they enployed it did not effectively differentiate
normal |isteners frompersons with sensorineural hearing

| npai rment s.

e of the major difficulties in the recent plethora of
devel opnment of 'tests' for auditory processing probl ens has
been the |ack of normative studies for purposes of determning

validity and reliability (WIlleford, 1976).

Beasley et al., (1972) presented the R ntl emann and
Jetty (1974) recorded version of FormB of the Northwestern
university auditory test nunber 6 (NJ6) to 96 nornal hearing
young adults at sensation | evels of 8, 16, 24 and 34 dB. Using
Fai rbanks device, the four lists of FormB were ti me-conpressed
0% to 70%in 10%steps and presented to the listeners in an
experinmental design enpl oyi ng count erbal anci ng procedure. The
aver age percentage correct responses increased as a function of
I ncreasi ng sensation | evel and decreasi ng percentage of timne
conpression* There was a dramatic drop in intelligibility at
70%time conpression. The articulation functions across sensation
| evel s ranged from2%to 3.5%per dB, and these were simlar tothe
articulation functions obtained by R ntlemann and Jetty (1974)
on the unnodified versions of the N6 (FormB). |In a study by
Beasl ey and Forman (1972), the sane stinmuli were presented

to a different group of nornal hearing young adults at 40 dB
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SL. There was a slight but a non-significant increase in
per cent age of correct scores obtained at 40 dB SL, conpared
to those obtained at 32 dB SL. Moreover, the difference
appeared to increase in promnence as the listening task
increased in difficulty, i.e., as the percentage of tinme

conpressi on increased.

N kamet al., (1976) presented the Beasley et al (1972)
stimuli to 144 nomal hearing English speakers/listeners
whose native | anguages were either Spanish or Indi-Dravidian.
The Spani sh speaker/listeners had hi gher average scores than
the I ndo-Dravidian speaker/listeners. Further the articulati
functions for both groups were |less steep (6.8 to 2.35% than
that found for the normal hearing English/speaker |isteners b
Beasl ey et al (1972) (2.0%to 3.5% dB). Nevertheless, the
authors did suggest that the results could be used, wth
caution when it was necessory to enploy a neasure of speech
discrimnation clinically with speaker/listeners whose native

| anguage was Spani sh or | ndo-Dravi di an.

Cal earo and Antonelli (1968) studied the effect of tine
conpressed speech in patients with brain-stemlesions and
found a decrease in discrimnation in 14 out of 23 cases.

The 1 oss was only unil ateral.

By admnistration of barbiturates to young subjects
Antonelli and Calearo (1968) found a significant decrease in
perception of tine conpressed speech, probably as a result of

depression of the reticular fornmation in the brain stem Du
such as scopol amne and atropi ne had no such effect on the
results of the test.
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MASKING LEVEL D FFERENCE

A nunber of |aboratories have devoted nmuch tinme and effort
to determne to what extent various auditory stimuli delivered
to one ear or both ears sinultaneously or alnost simltaneously
Onhe such phenonenon is called nmasking. In recent years it has
becone clear that the auditory systemw ||l use one of the two
di fferent processing nodes-nonaural and binaural systens -
under the condition of masking dependi ng upon the interaural

configuration of signal and maski ng (M Fadden).

Masking level difference (BED) can be defined as the
di fference (advantage) in nmasked threshol d between dichotically
presented stimuli and signals that are presented nonotical ly
{or diotically). It can also be reffered as bi naural unnaski ng
as binaural release frommasking or as the binarual masking

| evel difference (BM.D).

Masking is the process by which the detectibility of
one sound the signals is inpaired by the presence of another
sound, the masker; the effectiveness of a masker and
consequent |y the anount of signal |evel necessory to be "Just
detectabl e" in a constant masking noise is highly dependent on
whet her the presentation i s nonoaural/binaural and whether it i
diotic/dichotic. D chotic presentation permts binaural

audi ory anal ysis which can result in detection of signal.

If a target tone is presented to one ear and then covered
with noise in the sane ear, the noise will mask out the tone
if the proper intensity relationships exhist. |[If the tone

and noise are left inthe fixed relationship in the first ear
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and additional noise is presented to the other ear which

I's 180 degrees out of phase with a noise already being

used to mask the target tone, the target tone becones nore
audible, It appears as if sone formof neural cancellation

out of phase of the out of phase noi ses has taken pl ace.

Li cklider (1948) in psychoacoustic |aboratory at Harward
university while attenpting to inprove the speech comuni cation
over headphone systens of pilots in presence of background
aircraft noise, reversed the phase of the signal in the two
ears. There was inprovenent in the reception of the signa
when noi se and signal were in different phase rel ati onships
at the two ears. Thus if One earphone di aphragm noves outward
causing a rarifaction, the diaphragm of the opposite earphone
noves inward causi ng condensation. This inprovenent was called

"Masking | evel Difference".

H rsh (1948) used a sinusoid wave as signal instead of
speech which allowed himto control precisely the frequency

content of the signal.

According to Gebhandt and ol dstein (1972) the detectabil
of a binaural signal in a masking noise is dependent upon the
I nteraural phase relationships of both the signal and the nmaske
The wel| docunented inprovenent in threshold whi ch acconpani es
the mani pul ati on of the phase paraneter has been terned the
M.D. It is assunmed that this unnmasking effect is due to an
I nteracti on between the target signal and the noi se conponent

In the frequency regi on surrounding the signal.
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Hafter (1971) described the MLD is a measure of improvement

in detection that occur whenever dichotic cues are added
either to signal or to a masker. It i1s the difference in dB
between the signal to noise ratio.: necessory for detection

of a diotic signal 1in diotic masker and the s/N ratio necessori

for the particular condition being tested.

Mc Fadden and Passomen (1974) states MLD 1s an
improvement in detection performance for some dichotic

listening condition as compared with monotic/diotic listening.

In binaural masking experiments, one may reverse the
phase of the masking signal or that of the signal masked
in either ear which makes room for number of experimental
combinations. For bravity and clarity, we will adopt
a short hand to show the relationships among the stimuli

and ears.

N = Noise, S - Signal, m = to indicate a phase reversal
at one ear relative to the other.

0 = Two signals/Noise in the same phase.

m = to indicate that the noise/signal is monaural.
N S = Noise and signal both in the same ear (monaural).
N, S, = Noise and signal both in phase at the ears.
N- S = Noise and signal both reversed in phase at one

ear relative to the other.

N S =Noise in phase and signal monaural."

N S = Noilse reversed 1n phase and signal monaural.
N, S. = Noise 1n phase, signal reversed in phase.

N_ S, = Nolse 1s reversed 1n phase signal 1n phase.
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The size of the MLD varies from as large as about 15 dB
for the S N, condition. (Green and Henning 1969). to as little
as 0 dB; depending upon a variety of parameters. It is
an universal finding that the MLD becomes larger as the
spectrum level of the masking noise is increased, especially

when the noise is presented to both ears (N ) at the same level

The largest MLDs are obtained when either the signal (SN,

or the noise (S N, ) 1s opposite in phase at the two ears.

MLD is largest for low frequencies-about 15 dB for
250 Hz and decreases for higher frequencies until a constant

of about 3 dB is maintained about 1500-2000 Hz.

MLD is never negative and they never go zero (Yost and
Neilson, 1977). MLD for binaural condition is zero and these
binaural condition which yield no MLD are ometimes used as

the referral condtion for defining MLD rather than N S condition

CLINICAL VALUE OF MLD:

The tonal MLD clinical studies (Noffsinger, 1972; 1975,
Olsen et al, 1976; Quaranta and Cervellera, 1975) began in
1971. Recently speech MLD has been extensively used among
the clinical population by various researchers like Schuchman
Antonelli, etc. Since the value of tonal MLD decreases as the
frequency increases from 500 Hz greater interest has been
shown in measuring MLD for speech by using spondee stimuli

than monosyllables.

MLD IN NORMAILS: Dierecks and Jefferess (1962) pointed

out 3 conditions that produce the poorest detection are N S_



N S and N_S_. These are used as reference in MLD studied
The best detection is obtained in the anti-phasic condition.
The general size of the antiphasic MLD is about 15 dB at

low frequencies, decreasing in size through the mid-frequency

range.

Zerlin (1966) concluded that MLD increases with inter-
aural delay time in a manner similar to that for analogous

interaural phase difference.

Mulligan (1967) reported a study which demonstrated that
only a narrow band around the frequency of the test tone is
effective in producing the MLDs were obtained with a Medium
band noide (3100 Hz wide) a narrow band noise (1600 Hz wide)
and a medium band noise with a hole in it although a critical
bandwidth wide and centred at the test tone frequency, When
set at equal spectral levels the first, second noises
produced equal MLD in spite of the different overall levels.
The third noise produces much smaller MLDs . He concluded that
the MLD depends upon the relative levels, phase and correlation

of the paired critical bands of two ears.

Quaranta, Cossero and Cervellera (1974) investigated
the clinical value of tonal MLD among 184 subjects including
20 normals. They found an-average MLD of 8.2 dB with a range

of 7 to 9.3 dB.

Quaranta and Cervellera (1973) studied MLD in various
kinds of hearing loss cases and normals and found a MLD value
of 8.2 dB in normals which was taken as reference and the result

of the pathological group were compared with that of the normals
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MLD IN BRAIN STEM LESION CASES: Noffsinger (1976) determined

MLD for 500 Hz tone as well as spondees. He measured the
threshold for 500 Hz tones presented to both ears in phase in
the presence of narrow band noise. The noise was centered at
500 Hz at 80 dB SPL. The tones were then put out of phase by
180 degree and a second masked thresold was determined. The
difference between the two thresholds is MLD and normals had

a shift of 11 dB and these patients had shift of less than 6dB
The MLD value for speech was also measured in the similar fashj
and normals had a value of 9 dB whereas brain stem lesion case:

the MLD value of less than 4 and sometimes O.

Olsen Noffsinger (1977) studied 12 brain stem lesions and
found that tonal (500Hz) MLD was about 2 dB smaller than those

of normal group.

Olsen,Noffsinger and Carhart (1976) have reported that
the average MLD in 12 central nervous system disorders patients
was 9.8 in SN, and 7.3 1n S N and MLD for 500 Hz and for ,

spondeed was 5.0 for S N, and 3.8 for S, N, .

Quaranta, Cervellera and Cassoro (1974) found average
MLD to be 6 dB and the range is from 2 to 10 dB in 29 cases of
central nervous system.

Thus the tonal MLD may be used as a test for the diagnosis
of central auditory lesions but only in normally hearing patient
Indeed in subjects with SN hearing loss the tonal MLD loses its
diagnostic value because lesions of peripheral auditory system

disrupt binaural release from masking.



BRAIN STEM EVCKE RESPONSE AUDI QVETRY
( BERA)

The chronol ogy of man's efforts to eval uate the hunan
sensory systemis certainly not of recent origin. However,
t here has been sufficient technol ogi cal advance to permt nore
sophi sticated assessnent of a nunber of human sensory function;
It has been the intent of those working with the hearing
inpaired child or adult to evolve an el ectrophysi ol ogic
procedure whi ch woul d yield objective, clinical information

about the status of sensory systens.

Al t hough nmany procedures have been advanced, none has
achi eved uni versal acceptance. For exanple, galvanic skin
response audi onetry was thought by sone to provide a sol ution
to objective neasurenent. From 1960 to 1970, interest focused
on contributions fromcortical. evoked responses to tonal
and ot her acoustic stimuli. A significant increase in
I nstrument sophi stication and the anmount of useful data

whi ch coul d be obtai ned was experienced.

Wth in the wider field of electric response audi onetry
(ERA) the techni que known as brain stem evoked response
audi onetry (BERA) has been found to be particul arly usef ul
In recent years. BERA is a conpletely safe and non-traunatic
techni que. This can be done by non-nedi cal staff as BERA
doesnot require any formof surgery in conparison wth
el ectrocochl eography, The responses nmay be used as

obj ective nmeans of assessing hearing acuity and are
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affected by sedation. They nmay be al so used for neuro-

ot ol ogi cal di agnosi s.

In 1967 Sohner and Fei nmeser of Jersal em recorded
the eighth nerver action potential (AP) fromand active
el ectrode placed on ear |obe. A response of 0.5 was evoked
by a click of 115 dB SPL. Jewett (1970) conducted
experinments in cats and showed that the early neurogenic
responses thus obtained were the result of potentials

generated by several |evels of the auditory pat hway.

Conparitive studies in aninmals and man were done in
1971 by Jewett and WIliston indicated that the first of
these potentials (N;) is generated at Cochl ear nerve. Lev
and Sohner (1972) reached the conclusion that the wave
sequence was produced by the cochl ear nerve (N;) the Cochl ear
nucl eus ( N2), the Superior olivary conplex (N;) and the

inferior colliculus (N; and Ns) .

Sohner (1972) proposed an anatom cal correlation for the

series of neurogenic responses typical of the brain stem
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Ns The inferior colliculus mainly
activated by crossed projections

Al'l the responses in brainstem evoked responses occur in
first eight mli seconds followi ng the presentation of the
stinmulus. These peaks (vertex positive) seperated by
approximately one mli second are |abelled with Roman
nunbers | through VI (Jewett, 1970). The first 6 conponents
are clearly detectable and | abelled (Don et al, 1979) and
the clearest wave is V. This is traceable near threshold

val ues of the click stimilus (Hecox and Gal anbor, 1974).

| NSTRUMVENTATI ON Basi cal |y the equi prent consists of

one part which record the responses (el ectrodes, anplifiers,
filters, averager, display and pernmanent recordi ng device)
and a seperate part which provides the necessory sounds to
evoke the response (an audi ometer which feeds the sounds

to eveke the response a transducer-exanpl e a | oudspeaker

ear phoneor bone conductory). One also has to consider

the enviornnent in which the testing is perforned and any
useful peices of auxilliary equi pnent needed for checking

t he appar at us.

Test environent: The subject is best seated in a rel axed

position which will mnimse any nyogenic activity particularly
that of the neck nuscles, which nmay generate electrical arteface
Active children nust be sedated and usually testing is done in

a darkened room

Stimulus generation: BSER can only be satisfactorily

obtai ned at present by using a very brief stinmulus with sharp o
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bursts are being used to obtai n BSER

Stinmulus repetition rate: It is advisable to use a

stimulus repetition rate of 50/sec. Wen BSER is to be
enpl oyed as a neuro-otological tool, it is essential to

use 2000 stimuli.

Stimulus transducer: According to Thornton (1975)

an anechoic test chanber is essential if |oudspeakers are used.

Maski ng Noi se: The apparatus has the provision for the

application of masking noise to the non-test ear if nonoaural
information is required. Wdeband nasking is required as

clicks contain a wi de spectrum of frequencies.

Recordi ng equi pnent: Surface el ectrodes are needed

which are placed on to the scalp and nmastoid or neck of the
subject, Any high quality EEG el ectrodes nmay be used. It is
obvi ously an advantage to obtain the best possible contact

bet ween el ectrode and skin.

Filter setting: The high pass filter is commonly used

with a 100-500 Hz cut off frequency.

Recordi ng side of equipnent nust contain el ectrode
amplifiers, filters, the averager, nonitor oscill oscope, and
artefact rejection facilities. Qutput can be recorded
per manent |y using pernmanent recording circuit (G blan and

Ruben 1978).

CLI Nl CAL PROCEDURE: The target and conpari son el ectrodes

are usual ly placed at the vertex and earl obe respectively with
a ground el ectrode at the forehead. The subject can be awake or

asl eep since the BSER response is essentially unaffected by
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sl eep stage and nost drugs. Sedatives |ike trinmeprazine,
pr omat hazi ne, chl oropronazi ne can be used i n young

children (Burian, 1975).

It is necessory to start the test with loud stimulus
such as 80 dB HL sothat the BSER can be obtained clearly.
The stimulus intensity is then reduced in regular steps
bo cause the BSERto dimnish. The level at which BSER

dimnishes is considered as the threshold or near threshold

of the subject.

R se and decay tinme of the stimuli should be rapid
I .e. 0.1 msec with a duration of 0.1 msec stiml

are presented between 2.5 and 10 tinmes per second.

The nost identifiable response in BSER is the fifth wave
(Ny) which is usually nmerger with the fourth wave ( N,v) .
The N, response occurs wth a latency of about 6-7 msec
inadults and 7.6 to 8.6 msec. in babies. It can usually

be identified after only a few hundred stimuli have been

del i ver ed.

CLIN CAL APPLICATION OF B S E R

This can be divided in to two,
(i) To estimate acuity,
(ii) in an attenpt of neuro-otol ogi cal diagnosis.

(i) As a neasure of hearing acuity: BSER neasures the

threshold of the auditory response at the | evel of inferior

col liculus and hi gher |esions may upset hearing w thout being
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detected by BSER net hods. The first wave or 6 m sec.
response (N, or Ny) to a click or high frequency tone
pip is an excellent audionetric indicator. Davis and
H rsch (1975) used 4800 Hz tone pop to detect the auditory
t hreshol d whi ch showed the threshold detection at or bel ow
10 dB SL. According to Suzuki, (1975) Schl uman- Gal anbos and
Gl anbos (1975, 1977). BSER is recordabl e al nost without
exception fromadults and infants as young as 33 weeks

gestati onal age.

(i1) BSER in Neuro-otol ogi cal D agnosis:

BSER provide an interesting el ectrophysiological correlate
of auditory devel opnent. Since BSER are obtained by a
non-i nvasi ve techni que, they nmay be recorded from human
neonates wi thout fear of any |legal or ethical problens.
Hecox and Gal anbos (1974) described the devel opnent of BSER
i n human subj ects and have shown haw the wave formalters
during the first fewweeks of life. Salany and Mc Kean (1976)

conducted a simlar study.

Schul man, Gal anbos and Gal anbos (1975) found reliable

results of BSER in 24 prenature human i nfants.

Starr, Amie, Martin and Sanders (1977) assessed the
BSER responses in 42 infants ranging in gestational age of
25-44 weeks, and found the |l atencies of the various potentia
conponents decreased with maturation. The effects of brain ste
and cochl ear disorders on BSER were noted in several.

abnornal infants.
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The application of all these techniques could permt
an obj ective definition of both normal and abnormal sensory

process i n newborn infants.

MULTI PLE SCLORCSI S: Mil tiple sclorosis or dissemnated

sclorosis is a fairly common disorder affecting nmainly young
adults. The clinical picture is remarkable for its variation
the speed of progression varies froma few weeks to nany years,

I n these cases deafness is rare.

According to a study done by Stockard and Stockard,
Schar brough (1977) 14 out of 40 suspected nmultiple sclorosis

pati ents had abnornmal BSER results.

Robi nson and Rudge (1975) in their study twenty two out
of thirty patients (nmultiple sclorosis) showed an abnor nal
delay of the later waves of the BSER They managed to get
clear readings after averaging only 512 responses using a

click stinmulus and filters 0.2 sec to 2.5 KHz.

Hal | i day, Mc Donal d and Mushin (1972) have shown
a latency delay of the visual evoked response in cases of

mul ti ple sclorosis.

Robi nson and Rudge (1977) believe that pairs of clicks
stimuli 5 msec apart, presented at a fast repetition rate
stress the auditory system and nake the abnornality of the

V wave nmarked in nmultiple sclorosis.

Selter and Brackmann (1977) reported that 46 percent of
the tunor group gave poorly devel oped BSER waveforns and

the N, was unrecordabl e and unrecogni sabl e. They noted that
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54 percent of the tunor patients in their series had a
recordabl e N,wave on stimulating the affected ear but this
wave often showed a | atency. del ay when conpared to N,

produced on stinulating the nornmal ear.

Kaga, Yagi, and Hanamura (1976) reported the abnorna
results of BSERin a patient with deafness due to brain stem
tunor. R ght BSER showd waves |, 111, IV, Vand |left BSER

showed only wave | at 85 dB cli cks.

Thornton (1974) showed an abnornality of the first wave
(Ny) when recorded fromthe ipsilateral side of the head using
bi naural stinmulation and suggested that careful exam nation of
the trace mght indicate that the stimulus entering only
fromthe normal contralateral ear was travel ling unhindered
up the brain stem He postulated that by conparing the
recordings using bilateral and nonaural stinulation, it may

be possible further to |ocalize the site of dysfunction.

Selters and Brackmann (1977) neasured the tine
el apsing between the N,, and N, peaks and found significant
delays only in those patients wth large (over 3 cmdi aneter)
tunors, This nmay prove to be a useful nmeans of predicting

tunor si ze.

Starr end Achor (1975) and Starr and Hamlton (1976) have
reported BSER findings in patients with various mdbrain
tunors. They found that BSER waveform coul d usual |y be

identified to the level of the site of dysfunction.
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For instance with tunors above the superior olivary
conplex the N, N, , N, were identified but Ny, |,

N, were absent.

Star and Achor (1975) have used BSER to assess brain death
in 20 cases. They found that typically only the first wave

N was obt ai nabl e.
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SWNG NG SPEECH TEST

If a verbal naterial is periodically swtched from
one ear to the other, sothat each ear receives half of the
nmessage. The stinuli alternate between the subject's two
ears every 300 mli seconds, and presented at a sensation
| evel of 30 dB. This test is not very sensitive fromthe
di agnostic vi ew poi nt, however when youngsters have
difficulty performng successfully on one or nore of the
tests, they often becone frustrated and can have their

confidence restored by doing well on this test.

Bocca and Cal earo (1963) used this as a diagnostic
techni que. The procedure has been varied sothat the nessage

oscillations range from2 to 40 alternations per second.

Nor mal subjects can performthis test wth no decrease
inability to discrimnate sinple and neani ngful materi al

which is spoken in nornmal fashion for any rate of oscillation.

Bocca (1961, 1963) denonstrated that nornal subjects wll
achi eve discrimnation score of 90-100%at any sw tching rate.
The same results are also obtained in patients with isolated

| esions of the auditory cortex (Bocca and Cal earo, 1963).

Wiile in patients with lesions in the brain stem the
discrimnation curve falls abruptly at a switching rate of
3-8 alterations per second (Calearo and Antonel li, 1968).

N ne out of 22 patients with brain stemlesions scored | owin

the sw nging speech test, while others achieved a nornal score



This finding in brain stemlesions is explained by a
di sturbance in the fusion of two seperate nonaural nessages

at the level of the crossing of the auditory pat hways.

Cherry and Taylor (1954) found this "dip' in nornals
at a switching rate around 4 intervals per second., and they
attributed this reduction in discrimnation score to a nental
delay due to switch in attention fromone ear to the other.

At higher interruptions rates discrimnation was again nornal,

The conbi nation of this test with filtered speech
neasures nmay be useful in helpfng to seperate brain stem

| esions fromthose in the cortex.

SPEECH W TH ALTERNATI NG MNASKI NG | NDEX
( SWAMI )

Jerger (1964) has experinented a techni que where

words are presented simultaneously to both ears. A the sane
tine a masking noise, with an intensity |evel of 20 dB greater
than the presentation | evel of the words is alternated between
the 2 ears at the rate of one oscillation per second. The
performance of each is adversely influenced by the noi se under
nmonaural listening conditions but littledeficit inintelligibi-
lity of the testmaterial is noted by normals when the stimli
are presented binaurally. As with the sw nging or swtched
nessage procedure this binaural test appears promsing as a
means of identifying lesions in the |ower brain stemwhere

bi naural summation is apparently acconpli shed.
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| NTERRUPTED SPEECH

Speech can be periodically interrupted by an el ectronic
swi tch, which causes anplitude-nodul ati ons of the speech
waves. In this way parts of the speech nessage are cancel | ed.
The effect of periodically interrupted speech on discrimnation
has been investigated in normals by anmong others, Mller
and Li cklider (1950), Bocca (1958), Cal earo and Antonel |
(1963) and Teatini (1970). The discrimnation was found
to depend on the nunber of interruptions per second, as well
as the ratio between the duration of the periods of speech
and that of the intervals. Wen the interruption rate is
increased fromx 1 to 10,000 the discrimnation score is
i ncreased fromaround 50%to 85%at 10 interruptions per
second. Any further increase in the interruption rate has
only little effect on the score. Teatini (1970) found sone
what hi gher scores at 10 interruptions per second, probably
because sentences were used as test naterial instead of
PB-wor ds, which suffer very quickly by various forns of

di stortion.

Periodically interrupted verbal nmaterial has been
enpl oyed with success in identifying |lesions of the brain

stem (Bocca and Cal earo, 1955).

- There was reduced performance with interrupted speech
in brain steml|esion cases, where one or both ears showed
a poor discrimnation score. (Bocca 1963, 1967), Calearo

and Antonelli (1968).
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When voiced stinuli are interrupted with silent periods
whi ch appear alternately In equival ent duration patterns and
rati os, they also have the effect of differentially reducing
discrimnation in the ear contralateral to the lesion site in

brai n stemdi sorders.

Jerger (1970) reported simlar results as that of
Bocca et al ., (1963), (1967). He used varying speech-time

fractions with synthetic sentences.

Bl NAURAL  SUMVATION  TEST

Wasanurt hy (1980) gave an objective method for measuring

bi naural sunmmati on

Bi naural hearing is better than nonaural hearing by
6 dBat 35 dB S L. or nore (Hrsh, 1952). This inprovenent
is attributed to binaural summati on which takes place at the
| evel of brain stem Binaural summation or fusion is consi-
dered specific to the brain stemnot only because nany,
decus sations occur at this |level but al so because nany
contral ateral efferent inpulses originate here which
activate or inhibit peripheral exitability (Bocca and
cal earo, 1963). Thus one of the nmbst prom sing audi ol ogi ca
techniques for identifying brain stemfunction is the

neasur enent of bi naural summati on.

There were three experinments. In first experinment 2
i npedence audi oneters were used. Ipsilateral acoustic reflex
threshold for right and left ears at 1000 Hz were found out
i ndependently and in next step, 1000 Hz tone was presented

bi naural |y at previously determned acoustic reflex threshol ds
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and the bal ance meter needle deflection was noted. The

experiment was repeated at 2000 Hz.

In second experiment instead of 2 inpedence bridges,
one impedence bridge and a portable audiometer was used,

and the experiment was conducted in simlar |ines.

In third experiment instead of a single frequency,
ears were stinmulated simultaneously with the tones of
different frequency rather than one. All the experiments

were conducted on normal subjects.

Results: During binaural stinulation the deflection
of the balance meter needle was greater than during monaura
stimulation which indicates the binaural summation. |Increase
in the magnitude of deflection csn be expected only when the

| oudness of the stimuli increases.

This seens to be a promsing technique for detecting
brain stem |lesion as one of the most prom sing audiol ogica
techniques for exploring brain stem function is the measure-
ment of binaural summation. It can be expected that in
subjects with brain stem lesion binaural summation may be
absent. This test is to be admnistered to confirmed brain

stem | esions cases in order to findout the validity of the test.

Note; As reflex for crossed stinulation is expected to be

absent in brain stemlesions, binaural summation test wil
have to be admnistered using two inpedence bridges with
fecilities for presenting the tones through the probe(H i.e.
the inmpedenee bridges should have provision for ipsilatera

reflex measurements)
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