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SUMMARY PAGE

THZ PROBLEM

Kow waasuras of sensorineural performance are requirad which can be
applicd to the initial selaction of naval aviation peraonnel and the medical
msnazceent of fleet psrsormel during the course of their active carcare
(8TO-P0; 11-D-6, PFitness Standarde snd Screening, July 19771 OPRAVMemo

0982/123-78, 23 Octobar 1978; Subj: Aviation Biomadical Research Program
Input to the Maval Aviation Plan).

FI&.%%GB

‘L:

7 blomadical instrumentation capability has been devoloped and explora-
tory recearch has bsen initisted to investigate the potential contributions
of trainstem auditory evoked response technology to aviation medicine.
Brainztem data based upon simultaneous ipsilateral snd contralateral record-
ings have baen collected and analysed for a selected population (age 20 to
24 ycars) of naval aviation students. An extensive sat of statistical
tablce is provided for both the ipsilateral and contralateral data which
estehlishas the normative range of brainstem responses for the study popu-
laticn.¢” Thase tables include latency, transaission time, half-period, and
peak-tolpgak amplitude measurements for brainsten Waves 1 through VI,

Timing and amplitude differences obsarved betwean the ipsilateral and con-
tralateral brainstem recordings for certain of the waves are descrided in
detail. A set of correlation matrices is included to describe the ralation-
ships thut exist among both the brainstem waves and the brainstem measure~
ment variables.

The suthors wish to thank Mr. Andrew N, Damnis, Jr., Bioenvirommental
Engineering Division, for the many technical contributions he made to the
project and to acknowledge the sustained effort he devoted to ths collection
of the brainstem data. Acknowledgment is also extended to Mr, John R, 3owman
vho, while serving as & special assistant to the comanding officer for
systcas analysis, doveloped special microcode software to expedite the multi-
channel sveraging of the brainstem evoked responsa potentials.
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INTRODUCTION

In the military flight cnvironment, parsonnel are exposed to a variety
of strescors (e.g., noise, vibration, turbulence, atc.) which can produce
phyciological reactions that degrade mission performance. Strescors com-
bincd with a heavy workload place a considersble burden on the physiological
procosaes. Although the duration of the physiological effects caused by
strcosors generally fo brief, long-term cumulative exposure occesionally
cen produce debilitating reactions that require some form of medical nanage-
mant. 8ince the medical threat to career personnel wich long histories of
exponure to such stressors is insidious in nature, aviation medicine has
enmphazized the need to monitor the physical health of parsonnel on a con-
tinvding basis.

The development of causal relationships between envircmmental strecsors
and deograded physical health or performance is limited by the aging process
of career parsonnel. In effect, the aging process can he expected to pro-
ducc physiological changes which might be ascribed incorrectly to the envi-
ronzintal otressors to which these same personnel were exposed. Physiologi-
cal changes, whather due to aging or to the cumulative effects of envircn-
mentol stressors, occur gradually and are difficult to detact with current
standerdized medical tests and techniques. 1In this context, exploratory
rescarch has been initiated to investigate the potential of brainstem
auditory evoked response technology to serve both as a medical screening
and nanagemant tool and as a sensitive means for the early detection of
sencorinaural changes that cen occur as a result of either natural or pre-
matuze aging.

The. technology aseociated with measurement of the brainstem suditory
evolked response was derived primarily from the electrocochleographic work
of Sohmer and Fainmesser (27) and the vertex potentiasl explorations of
Jewcit, Romano,and Williston (12). The wethod incorporates the detection
of nanovolt-level slectrophysiological signals st the vertex of the cal-
varium during the first 10 nmilliseconds or so following arrival of an audi-
tory stimulus at the ear. Five to seven distinct cyclic waves in tha signal
provide a sumated description of volume-~conducted action potentials aextend-
ing from the cochlea through the VIIIth nerve to the brainetem uuditory
centaors (3,11,13,14), Relatively noise-~free records are obtained by using
eithar time~ or frequency-domain signal-averaging techmiques based on the
sequcntial presentation of 1000 to 8000 transient auditory stimuli. In
contradistinction to the frequency spectra of conventional BEC recordings
vhich gonerally cover, at most, the 1-1000 Hz range, the brainstem record-
ingo cover a frequency range extending from at least 100 HNs to over 2000 He.

Calambos and Hecox (9) and Davis (6) have outlined the notewoxthy
progress that has basn made toward applying the brainstem auditory evoked
respcnae (BAER) measurement teclmique to a varisty of clinical situations
{nvolving audiological disorders. 8ince the BAER can be recorded without
any cpecific overt action or task required from the subject, it is of par-
ticuiar advantage when measures of auditory function are required of indivi-
dualo incapable of making (or unwilling to make) conventional audiometric




recpcioes as a result of such factors as age, meatal disabili

dicaase, or malingering. Sohmar et al. (23).hnvt also .h::: :z;tt:;:-=ill
can elz0o find disgnostic applications in nomorganic hearing loss, while
Coatc (4) has investigated its potential to identify retrocochlesr auditory
lesicna. As reprasented by the work of Sohmer, Feinmessar, and Ssabe (29),
Starc and Achor (30), and of Starr and Hamilton (31), the BAER has also been
of btcaafit in the diagnosis of a variety of neurological disorders, includ-
ing domayelination and loos of circulation. In addition, the BARR and its
varigiiony are beginning to serve an importsmt function in psychological and
physiclogical acoustics as typified by the work of Bauer, Blmaision, and
Galzrbos (1), Hecox, Squires,and Galambos (10), Picton and Hillyard (17),
and Pratt and § hmer (22).

If BAER tecting techniques are to find application in the initial screen-
ing ¢? new perconnsl and the sustained nedical management of carsar person-
nel, data which will define the rangs of responses to be expected from a
bros? ege-range population are required. As pointed out by Rows (23), com-
pericons of BAER dsta available in tha iiterature is made difficult by the
meny varistions in stimulus techniques currently in use. itumerous dissimi-
lariciss exis: in the exact method selected to recozd, time-averags, identify,
and raozsure the evoked potentials. Differences exist in the site selected
for tha active and ground electrodes, the recording bandwidth, the use of
singlc or alternate polari’y condensatiom and rirofaction acoustic stimld,
tha rate of stimulation, and the number of responses usad to construct the
timc-cveraged BAER. Since esch laboratory must sclect the measurenent com-
binotion that best meets its ressarch or clinical objectives, the direct
quantitative comparison of breinstem data derived under different stimulus/
respcnse conditions necessarily will be iimited, In effect, at this stage
of BAER development, each measurement situation will require the collection
of data to establish the normative ranges of responses produced by the tast
tor o selacted population.

This report is directed toward providing normative BAER data for a
selected population of young (age 20-24 years) naval aviation students at
the time of their initial entry into flight trainimg. The wmeasursment tech-
niqua used for this preliminary evaluation is hased on the monsural presen-
tation of acoustic click stimuli and the simultunsous measurement of brain-
stem responses derived from the vertex and ipailatersl mastoid and from the
vertox and contralataral mastoid. A relatively high stimulus rate was
selected as a compromise batween the number of individual drainstem waves
that could be vepeatedly meassured and the overall duration of the test.
§inco career personnel routinely are exposed to a variaty of clinical audio-
wetric tests which can readily sstablish hearing thresholds, the current
BAER tast protocol does not utilise low=level or near threshold stimuld,
Instcad, attention is given to relatively high stimuluu presemntation levels
vhich gonerally produce recordings wvhere the majority of the individual
brainstem vavee can be quantitatively {dentified and their response charac-
texrictics enalyred with reaference to the stimulus levale and with each

other.




PROCEDURE
SUBJECT3

Thivty-five aviation students, both naval aviator and navael flight
officar candidates, served as volunteer subjects for the study. Students
vera tosted at the time of their initial entry into the flight training
progren and following a comprehonsive flight physical examinztion that
includad avdinmatric testing. All subjects were batwaen 20~ to 2J4-years
of egc and exhidited haaring threshold levels within normal limits. Older
students wure not included since a long-term objective of tha study is to
utilius the BAER data derived from this relatively young population as &
comparctive raferance for data to be collected from wuch older carser pec-
sctmel. The mean age of the group was 22.1 years. At least five subjecte
vere included in each yearly age bracket.

MEASURIHENT INSTRIRENTATION
A cimplified biock diagram of the instrumentation systea used to record

tha early corponents of the brainstem potentials evoked by ropetitive acous-
tic click stimuli is shown in Figure 1. A digital clock, set to 21 Hz in
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BRAIN STEM AUGITORY EVOKED RESPONSE INSTRUMENTATION

?igure )

Sloch diggram of inetruromtation syutew utilized to afmultaneously rocord ipailateral and con-
trnlatoxa? brajnstam vvoked remponse potentiale produced LY wonaural acountle cltek stimult
prevented at a 21-He reputition rate.




ordar not to be a direct subharmonic of the 60-Hz powar 1}

drovc @ balsnced click genarator which provided .12:rn.:.1::1::;§37“§56
microsscond pulges. 'The clicka wera routed through two cascade-wired 600.-
oha attenustors {Hewlatt-Packard Hodel 350-D), The input attenuator wes
used to astablieh the thrashold for a given subject, and the output attenu-
ator was used to set the click stimulil a given dB incremeat above threshold.
The cutput attenustor drove s line amplifier (8pectra Sonics Modal 110)

that energized a singla, 10-oha TDH-3$ esarphone mounted in a MX~41AR ear
cushican. Rlactromagretic shielding of the sarphone was not necessary since
time-averaging of the reaponses to the alternate polarity clicks effectively
cancsled the electromagnetic artifacts produced by pulse-energizing the ear-
phone dedve coil. The resulting alternate condensation and rarefaczion
acountic c¢licks had a similar canceling effect on the cochlear uicrophonic

potentials which follow, in general, the polarity and shape of the click
vaveforn,

Tie drainsten evoked response potentials ware derived from surface
electrodes located at tha vertex of the skull, the mastoid proninsnca behind
each car, and the forehead of sach subject. The ipsilateral signal, defined
as the potantial difference between the vertax elactrode und the wmastoid
elactrode behind the click-stimulated sar, was amplified by a differential-
input procmplifier (Rewlatt-Packard Model 8811A Bioelectric Preamplifier)
vith 2 frequancy response extending from 1,5 Hs to 10 kHsz and s gain of
20,000. A similar preamplifiar was used to raise the level of the contra-
lataral response darived from tha same vertex lead and the opposite mastolid
lead. The forchead electrodc served as a common ground reference for the
twvo proamplifiers. A four-channel cassette magnetic tape instrumentation
recorder (Phillips Yinilog &; with "M record/reproduce electronics) was
used to stora the output from the two preamplifier channels. The fraquency
responze of the tape recorder extended from d¢ through 2.5 kHs. The ramain-
ing tvo channels of tha tape system ware used to record a synchronizing
pulss from the stimulus clock and voice annotation data descridbing the test
conditions.

A 16-bit digital computer (Hewlett-Packard Model 54351PB Fast Fourier
Tranaform Anelyser) was used to construct time-averages of the ipsilatsrally
and contrelaterally recorded evoked response signals., 3Before digitiming
the tun signale, the output of the tape rscorder was passed through a low-
pase Baseal filtar (Rockland Systeme Model 316; Bessel Card 06) with a cut-
off froquency of 4 ks and an attenuation rate of 48 dB/octave. This filter,
which {ntroduces a constant time delay of approximately 0.25 wmillisecond,
vas selacted to minimize fraquency-dependent phase or timing arrors for the
differaat brainstem waves. BSince the frequency response of such a constant
phase filter begins to fall off coneiderably before the A-kNz cutoff fre-
quancy as compared to the response of a constant amplitude filter, the
advantages of a fixed time-delay for this application are accomplished at
the sacrifice of asmplitude constancy over the response spectrum. The output
of thin filter wae routed through a simple, single-saction, high-pass RC
notvork with a 100-He cutoff fraquancy to the input of the 12-dit analog-
to~digitel converter. A time period of 10 milliseconds waa salected a»
the tino-base for the averasging operations. Sample and hold circuitry aimul-
taneoucly digitized the two bdrainstem recordings at a 23,5-kMs rate and
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ecored the regulting 10-millisecond sample for each channel in a 256 block
vccord., Specialized scftware allowsd tha conversion and time-averaging
procasess to occur at tha 21-He click stimulation rate. The software con-
structed three separata tims averages for the 4000-click stimuli presented
1nﬂaacb experimental run. One time-average was constructed for tha firet
2000 clicks, a second average for the following 2000 clicks, and a third for
tho total 4000 clicks. Each of the time averages was stored on diek for
latar recall and analyeis.

SYETE CALIBPATIOH

The gain of each brainstem preamplifier was set to 20,000, using & 50~
microvolt calibration signal applied to the differential input and an oscil-
loccopa to monitor the resulting output. To document system calidbration, the
proamplificy output producad by the 30-microvolt calidration signal wes
elvaye recurded on the lead section of the magnetic tape used to etore the
broinstem data aseocisted with a given exparimental run.

Calidration of the scoystic output of the TDK-39 earphone was accom-
plished by msans of a 6-cm” coupler (Bruel and Kjaer Type 4132) which
coupled the earphone to & one-inch condenser mnicrophons (Bruel and Kjaer
Typ2 4144). The sencitivity of the microphone wes calibrated by both a
pictonphona (Bruel end Kjaer Type 4220) which produced a 124-dB rms, 250-Hs
tors and a sound lavel calibrator (General Radio Yodel GR-1362) which pro-
duced 114-4B cms tones at 125, 250, 500, 1000, and 2000 Rs.

Verification of attenuator calibration at a given stimulus level wie
accszplishad by time-averaging 100 unidirectional acoustic clicks derived
frca the output cf the coupler. Tha resulting inprovement in signal-to-
noise ratio alloved system linearity to be checked throughout the stimulus
ané threashold messurement ranges. The time-asplitude rrofile of a typical
click signal produced by a TDH-39 earphone is shown at the left in Pigure 2.
Twc vesponse of the same earphone in the frequency domain is shown at the
right {n Pigure 2 in the form of an energy spectral density plot. The click
enargy distribution was relatively flat over tha 100-6000 Nz spectrum with
thc exception of resonmance peaks st approximately 3000 and 3400 Hx.

Zach tasting gession involved the sequential presentation of thres
d1¢¢arent click levels adjusted to be 40, 60, and 8U dB above the threshold
at which sach individual subject vas adble to detect the 21-Ns train of
pulass. The overall noise background wae such that the mean sensory thresh-
old for the group was approximately A0 dB pezk Lp relative to 2Q4Pa. Thus
the 40, 60, and 80 dB sensation level (SL) stimuli reported in thi. study
correspond to approximately 80, 100, and 120 dB peak Lp. Tha time-domain
signal shown at the left in Figure 2 represents a 120 dB peak lp click
whora the peax smplitude was measured between the first peak and the pre-
ceding baseline., The peak-equivalent Lp was approximately ) db greater.




800BYIC CLICH BYlmubng ACONUITIC CLICH s )mULYDS

ARPLITUYYD
1Ny . w tieg CENEACY SPLCTOAL BEOS)IYY

L0 , M
’

v Al Al v g u

014
44

'Y

101 "

; 'L '104

- ,f\/\-fww..,_.,
L1

-3
LAVAL = |10 08 9, 000 o 5,0 YUY
-8 4 ¢
J 404 T o6 0 Witk est
a4 XXX
P o gt
oy Mk o v 110 YW0e
#0100 MOME NUME
‘3;"1""—'7' Y LS - L '“4——" ¥ 5
o e IROM s 1Nk N T UM NN we Wk u T
w ¥ 11me TN ] FREELENEY

Fiaure 2

The armplitudo-time profilc of the acoustic click ntimulus on produced by an imshielded 10-olin
TDH-)9 headset and measured with an artificial ear microphonc/hendsct coupler 16 alawm at the
left. Tha frequency-demein characteristics of thu swume scountic elick stimulun arc shown at
the right in the forwm of an enargy spectral denaity plot. For this study, 40, AC, anl RO dB
sensation level (SL) stimull levels were used,vhich corrcsponded approxiwately to 80, 100,
and 120 ¢b peak §PL.

BXPERIKONTAL METHOD

In cpplying the surface electrodes, the vertex, left and right mastoid
pronincnces, and the forehead regions were lightly scrubbed with a wild
detergent solution and with alcohol. A conductive electrode paste (Grass
Tnstrumont Type EC-2 Rlectrode Craam) was applied to conventional 3-um
dianeter silver EEC electrodes backed hy 2-cm square gauze pads which were
pressed aga‘nst the skull in the appropriate position and held in place for
10 to 15 seconds to allow adhesion. Interelectrode impedance was checked
by means of a 30-Hz impedance meter (Grass Instruments Model BIZMO) and main-
tained 2t 10,000 ohms or less.

Yoliowing electrode appliication, the subject reciined in a supine posi-
tion on a small bed inutalled inside a dimly lighted, acoustic testing booth
(Industrvial Acoustics Model SPA00). The subject shaped a plastic ear plug
(Flint Products Silaflex Anti-Noise Ear Protector) and imserted it intv his
right ear. He positioned a hzadset such that the left earphone served as
che stirmlus source and right earphona as a dunmy ear-covering. A measure
ves mado of the left-ear sensory threshold level, bracketed by ascending
and descending level stimuli, at which the subject could just detect the
presanca of the 21-Hz click train. The subject was then instructed to close
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his eyco, keap his teath separated, and try not to cough or swallow during
the courge of each stimulus presentation. Three 200-second saquences of
clicks (each sequence involved approximately 4200 clicks and was separzted
by at lzast a one-ainute rest interval) were presentsd at stimulus levels
40, 60, and B0 4B above the volitional laft-ear threshold. Upon completior.
of theca three saquences, the ear plug was transferred to the left ear, the
heedsst raversed, and a threshold deternination made for the right ear. Tha
sequanzial presentations for right-ear stimuli adjusted to 40, 60,and 80 4B
above tha right-esr threshold then followed.

BRAIHETEM DATA ANALYSIS AND RELATED RNOMENCLATURE

Tho magnatic tape records containing the ipsilateral and contralateral
brainstem evoked responses ware played into the digital computer to construct
the decired time-averages. The results were stored on s disk for posterun
analysis. Thirty-six diek records (each record consisted of 236 seyuential
vorde defining the amplitude/time profile of each averaged rasponse) were
requircd for esch subject and contained the simultaneous analysis of ths
ipsilazeral and contralateral responses of each ear to the 40, 60, and 80 dB
SL stiruli. Each analyeis involved a separate time-averaged record for the
first 2000 clicks, the recond 2000 clicks, and the total 4000 clicks,

The 36 disk records assonisted with a given subject were displayed simule~
tenaounly on a CRT terminal (Tektronix Hodel 4012) and a havd copy, single
page plot was made of the results for inspection. ‘In addition, the twelva,
4000-c2mple, time-averaged rasponses were individually vecalled snd displayed
on the came terminal. The individual wave components were identified visu-
ally 224, by means of an sdjustad’ ¢ cursor, measurements made of the time
incidenca and abeolute amplitude .f each ddentified negative and positive
vaveforn peak. The nomenclature used to identify the individual waves is
shown in Pigure ), which presents the ipuilateral brainstem recordings
obtaincd from six different subjacts in response to stimuli presented at
80 dB OL. As indicated by the symbols positicned adjacent to each major
peak in the top record, the wave identification notation follows the Roman
Mumeral 1 through VII convention of Jewett and Williston (13), with the
sdditicaal condition that eack individual wave numbar is followed by an N
(nagative polarity) or P(positive polarity) suffix to separately identity
each of the two peaks generally found to be present in a given wave, It
should be noted that the choicae has been made to display the drainstem
responcas such that a positive potential at the mastoid zelative to the
vertex produces an upwasd or positive deflecticn on the record. (It is often
convention to display the brainstem responses such that vertex positivity
relativs to the mastoids produces an upward deflaction.) This arbitrary
decisicn was made to facilitate the comparison of Wave I-N, the first com-
ponant of the brainstem responss, to the first component, generally identi-
f1ad ou NI, of ths electrocochleography response (8,20,24,41) using the
same polarity convention.

Using the time and amplitude measures derived from the cursor analysies
of the individual records as reference, statistical calculations were per-
formed on four derived measurements—latency, tranemiseion time, half-
period, and peak-to-peak amplitude--for each individual brainstem wave

= - —————ee—
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compongl. Thoso measurements are identified in Yigure A4 which displays

the 1ipgilatersl brainstes: avoked responee of a single ocubject in responzo

to 4000 clicks presentead at 30 dB SL. In this figure and ia all figures
which follow, the time 0t which tha first peak of the click atimulus reschas
tho ear veiative to time t=0 on the display time axis ic defined as Ts.

This dolay, using the fast rise-tima pulse produced b; the 21-He clock used
to produce the clicks as a zero reference, was estimated to be 0,468 milli-
second ond included componante due to the finite rise-time of the sync pulse
reacordal on tepe which triggsred the analog-to-digital converter during

the tixo-averaging operations: the acoustic dolay of tha click in reaching
the ear (sat equal to the delay wessurad with the artificial car); and the

BARAINSTEM AUDITORY EVOKED RESPONSE DATA
NOTATION FOR JDENTIFICATION OF INOIVIDUAL YAVE COMPONENTS
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Ipuilutoval breinstem evoked responacs produced by 00 dn SL click otimul{ (tiwe-aversged
response to 4000 clicks) for six different subjacts. The notatlon follows the Roman numvral
Vave 1 through Wave VII bratnstcm conveation, vith the additiona) condition that cach tndivi-
dual wava nusber {s followed by an N (negative) or P (pusitive) suffix to nopavatcly fdentify
each of ths two peaks gssociated vith a Riven vave. A positive aipnoal act the wastoid relative

to the vertex produces an upward deflection,




GRAINITZM AUDITORY EVOXED AESPONSE DATA
VAVEFOAN ASLITUDE AND LATENCY MEABUNEMINT CONVENT JONS
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Pigure &

$alectod ipsilateral biraingstem recording bagsed upon a 4000 click time-averoge snd an 80 dit BL
stirnulus level phowing the conventions used to measure the latency, transmission time, helf-
puriod, ent peak-to-peak ssplitudc characterfetice of the tndividual brainstem vave componenta.

0.23-nillisecond time delay of the 4 kHz Bessel filter introduced betwean
the meznatic tape recorder output and the irput to the analog-to-digital
converter., With Te serving as & sero tima reference, the latency of a

given vaveform peak is measured as the tima incidence of the peak measured
in the abgolute units shown on the time axis lase 0.468 millisacond. The
tranezission time of a given wave componant is defined as the time interval
betweea this peak and the initial negativc directed peak of Wave I identified
as I-Y which is considered to corraspond to VIIIth nerve activation. The
half-poriod of a given wave is identified es the time intexvel between tha
negative and positive peaks of the given wave, The reciprocel of the total
period (twice tha half-period) gives a rough approximation of tha fundamental
fregucacy content of the wvave. The peak-to-peak amplitude is measured as
the difference between tha abeolute amplitude of the poeitive peak Qf the
vave ¢nd tha absolute amplitude of the related nogative peak,
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RESULTS AND DISCUSSION

To facilitato the interpretation of the brainsten data derived fvom the
youns naval aviustion student population, the results are prasented and dis-
cusecd under saven different subhesdings. The first sention describes the
genioral form and basic characte iatice of the individual subject brainstem
recorda. Ths second section pertains to the relative frequency of occur-
rencc of the individual brainstem wavas that were observed as a function of
stim:lus level., The third section describes the results of a statistical
snalyods of the brainatem m ‘sures recorded for the study group with the
esearza of the normative ips. .ateral end contralateral data tabulated in
Apperiicas A and B, respactivaly. 1In the fourth section, the results of
a otzzistical test of the normality of the brainstem measurenant variabdles
for cach of the individual drainztem waves are presented. The next two
section3 involve tha investigatico of differences betvesn left— and right-car
brairctem reeponsee and differencs2 between lpsilateral and contralateral
respcnzes. The last section provides 4 correlation matrix analysis of rule-
t{onchips within and across the briinstem measurswent variables for each of
the individual bralanstem waver.

INDIVIDUAL SUBJECT BRAINSTKM RECORDS

A consolidated diszlay of the results of a complete testing sassion for
s single subject wvho had a relatively high-amplitude brainstem auditory
evokcd response is showi in Pigure 3. The Cvo scaled rlote at tls left
reprca-nt the ipsilatersd (top) and contralateral (bottow) responsas to
left-car atimulation. The two corresponding plots at the right descride
the came responses to right-esr stimulation. As denoted by the labals shown
at tha o ncer in the figure, each plot contains the brainsten recorde
mezoured in response to the 40, 60, and 80 dB 8L click stimuli arranged in
ascerding order. The horisontal saplitude axis corrasponding to sero volts
s in proper relationship with the 60 dB SL response (tha AQ and 80 dB 8L
recacases are plotted to the same scale as the 60 dB SL responses but have
been offset below and above, respectively, the zero amplitude baseline for
¢:3play convenience). Each of the tvelve brainstsm responses shown in the
figuro is composed of three suparimposed records: the solid line record
reprcasents the time-averaged responsa o 4000 clicks; end the two dotted
recorde to either side represent the time-sveraged responses to the first
and cocond set of 2000 clicks used to construct the 4000-sample average.
Althcugh the two 2000-click time avarages are plotted separately, tha 4000
clicks vers presentad continuously to the subject without interrupticn.

Por this eubjoct, Waves I, II, IXI, V, and VI are clearly presant in the
ipnileteral rewponces to 80 dB EL stimulation of either ear. Each of thase
vaves 1s marked by identifiable negative and positive pesks. 1In addition,
the negative coaponent of Wave VII, {i.s., Wave VII-N, can be identified as
occurring at approximacely 9.0 millinreconds on the 10-millisecond time axia.
In tho case of Wave IV, neither of the two ipsilateral responses to the
80 d¢5 8L clicks producaes an identifiable response; at most, the ipailateral
responge of the left var shows s small notrh on the domward negative slope
of Weva V-N. Howaver, in the simultanecusly-recorded contralateral responeas
to ths same stimuli, Wava IV, though small in amplitude, can be readily
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identified aa occurring at \pproximately 3.5 millissconds on the

[The rcader is reminded thet the true latancy of a given wave con;:::n:xi..
digployed in Figure 5 is approximately 0,47 millisecond lees than the latency
obscrved on the time axis (sece Procedure) as & result of the overall time
delay inharent in ths {nstrumantation systen. ]

T@a records of two additional subjects using the sems display format
are chown in Figure 6., The amplitude of the brainstem xesponses depicted
in th subject record at the top is wore representative of the subject group
then the high-emplitude racord shown in Pigure 5. For the 80 dB SL ipei-~
lateral recordings of this subject, it is more diffinult to identify the
vave componants following Wave V-N, particularly for right-ear stimulatioa.
The rocord in general, however, does illustrate the clamsic characteristics
of thd brainstem reaponse; 4.e., increasing latency and decreasing smplitude
with decreasing stimuli levals., The subject record at the bottom in Figura 6
depicis a lov-amplitude response and probably represents the poorest brain-
sten rosponse recordsd in the present saries. At the 40 4B BL level, it is
difficult to identify even VWave V in the ipmilateral recordings. Only the
contralateral response to left-aar stimulation allows a confident identifi-
caticn of Wave V-N at the 4) dB level. The wide amplitude eeparation and
eondtiwes uncorrelated reletionship between the two 2000-sample (dotted)
tine-averages and the centrally located 4000-sumple mean (so0lid) illustrate
the ralatively poor repeatability of the response produced by this subject.

The high~frequency noise content displaysd in Figures 5 and 6 is rela-
tively low compared to most bdrainstem recorde presented in the literature.
Thie is eccounted for, in part, by the use of the constant time-delay Baseel
filtcr 4dntroduced between tha output of the wmagnetic cape recorder used to
storc the brainstem datas and the imput to the computer analog-to-digital
converter., Since this type of filter preserves the time-ralationships that
exist betuv-en the individusl brainstem vaves at the expense of gain con-
stenca at the higher frequencies, it would be expected that the amplitud-
of gcme of the waves displayed in FPigures S and 6 would be slightly less
than the true amplitude. With the 4-kHz cutoff frequency used in this study,
the E2ssel filter transfer function is such that the gain {s downr 3 4B at
half the cutoff frequency and 13.6 dB at the cutoff frequency. It would
appear that the constant time-delay feature combined with the improved high
frequency signal~to-noise ratio of this type filter in the drainstem appli-
caticn wall compensates for the smail decrement in amplitude accuracy that
occure above 2 kHz.

ERATIIISTEM WAVE INCIDENCE

A primary objective of the study van to utilize stimulus levels and
reasurement techniques which would result in a relatively high incidence of
Weves 1 through VI in the resulting brainsten recordings. With a high inct-
dence of readily identifiable individual brainstem waves, it becones pos-
siblo to build a data base to explore intra- and inter-wave relationships
and tlug extend brainstem tectnology bayond itm most comwn Wave V applica-
tions. The capability of the brainstem instrumentation systen of this atudy
to azcomplish this is depicted in Figure 7. These bar-graphs display the
relative incidence of the negative and positive components of Waves I through
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VI a2 a function of the 40, 60, and 30 dB 8L stimuld used in the study.
Each datum denotes the percentage of the total number of brainstem records
anslyzad (70 ears) where a given wave component was identified ae being
presert to the extent that cursor ncasurements could be made of its latency
and amplituds. The data used =0 cunstruct these ipsilateral and contra-
latarcl plote were extracted from the rightmost column of Tebles AI and BI,
regpoctivaly, of ths appendices.

Trgpection of Figure 7 shows that, as would bs expected, only the major
breivctem wave, 4.e., Wave V-N, had an incidence level of 90 parcent or more
in both the ipailatersl and contralateral recordings and for all three stim-
ulus lsvels., At cnly the 80 dB SL level was it poseible to achisve a rela-
tively high identification level for the remaining waves. Por the ipsilat-
eral uacordings made at this stimulus level, Waves I-N and I-P were identified
in 96 end 99 percent, respactivaly, of the total numbar of recordes analyzed;
Wavas II-N end 1I-P, 74 and 84 percent, respentively; Waves III-N and IIXI-P,
99 and 94 percent, rvespectively; Waves IV-N and IV-P, 31 and 30 percemnt,
respzctively; Waves V-R and V-P, 100 and 71 percent, respactively, and
Waves VI-N and VI-?, 33 and 69 percent, respectively. In effect, at the
80 4B SL stimulus level, all wave components were present in the ipasilateral
recoriings at an incidence level of 70 percent or greater, vith the exception
of IV-N, IV-P, and VI-N. At the stimulus levals below 80 dB 8L, the proda-
bility of identifying a given wave, with the exception of Wave V-N, fall
signi7icantly. VYor the contralateral recordings nade at 80 dB BL, only wave
componants I-P, III-N, 1I1I1-P, and VN had an incidence level nasr oY above
70 percant.

€-1lter-. and Brackman (25),using 83 dB HL (121 d8 nask aquivaleat Lp)
clicko pre.ented at a 20-Hx rate, reported incidences of 81, 77, 93, 73, and
100 parcent for Waves Pl through P3 (Waves I-N through V-N of the preessnt
study) for their 100 control ears. These data are ia escential agreement
with the ipsilateral data of Pigure 7, with the exception of the high iaci-
dence of Wave P4 (IV-M). Thia difference may arise from the fact that in
their study, the contralateral mestoid served as ground whi)e in the present
study, tha forehead served as ground. The vertex and ipsilateral mastoid
electrode sites served as ths active differential inputs in both studies.

Cn2 noticecble difference between the ipsilateral and contralateral data
of Pigure 7 involves the incideuce of the two Wave I components. At 80 dB
SL, tha first component, Wave I-N, had s ralatively high incidence (96 per-
cent) in the ipsilataral recordings and ¢ iow incidence (19 percant) in the
contralateral recordings. The following component, I-P, has a relatively
high incidence in both recording modes. The lack of a Wave I-R in ths con-
tralaterel recordings is demonstrated by the 80 dB 5L xecordings shown in
Figura S. Both ears of this subject shov & clear Wave I-N in the ipeilateral
recordings and no corrssponding response in the contralateral recordings.
The cccasional prasence of a small I-N response in the contralateral record-
inge {s demonstrated by the 80 dB SL, left-ear stimulus record at the top-
left in Figure 6.

This absence of Wave I-N in the contralateral vecordings (13,33,36)
would be expected from tha conclusion of Jewett and Williston (13) that
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tralataral recordings (hottom) for tho spe 20-24 population of I3 mavel avistion studunta,
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Vava I-li corvesponde to tha N1 potantial of clectrocochleography (41
reflects VIIIth nerve activity of the stimulatod ear. ThotroznZ1£01; :?;;h
incidenco of Wave I-P 4n both the ipsilateral and the contrelateral record-
ings lande firther support tu the general delief that Wave I-N is mastoid
originatcd vhile the subsequent waves are more vertex orianted (32),

Thio wertex-orientation interpretation of all weves following I-K is
complicated, howevar, by tha Wave IV incidence data of Figure 7., Although
all othor waves showed the greatest incidence in the ipei{lateral recordings,
the converse was true for Wave IV, In the coniralateral recnrding:, Wave IV
vas ddcatified as being present in epproximately 57 psrcent of the records;
in the {peilateral recordings, the identification rate was only 30 percent.
This rcolationship is {llustrated by the left-ear, 80 dB SL brainstea record
shows in ?{gure 5. ¥For this subject, a small but distinct Weve IV .a visible
in tho contralateral =:cording on ths downward nsgative slope of Wave V-N.

In tho ccovespondiny tyeilataral record, the presence of Wave IV is indicated
only by o slight bticsak in the Wava V-N slope. Typically, if Wave IV could

be idan:i{fied in the ipsilateral rocordings, than it was generally possible
to readily ideatify a Wava IV of greater maynitude in the contralateral
recordinges. The cohverse was not trus. This observation will be later dis-
cussed in relation to othar differences observed betwean tha ipeilateral and
contralateral responses,

Yo this point no mantion has bean made of Mava VII, At the beginning of
the study, an attempt vas made to identify and measure both the negative and
posiiiva cowponents of the wave. TYor many of the subjects it was readily
possiblo to identify a relatively slov negative component occurring about 9
silliccconds or wo after the click stimulus. The 80 dB SL {peilateral
recordings in Figure 5 indicate this type of respense. But in other dubjocte,
Yave VII-N was not »o resdily identified and was somstimes complicated by a
rolativoly fast and emall wave that occurred immediately after Wave VI-P,
Durirg o pilot statisticel analydis of the small smount of Wave VI data
that hzd been collected, it was found that the mean latency of Wave VIT-N
was grester than the latency of Weve VII-P which, by definition, muat follow
its nepativa counterpart. This incongruous result indicated that the cri-
teris used by the investigatore to identify WYave VII were not consistent
acruss the subject group. If Mave VII 1ia of post auricular muscle origin
as thought probably by Picton et al, (reference 18-Tigure 10), then this
would cccount for its inconsistent prescnce or misidentification in the
records of this study, Yor thase reacons, statistical data partaining to
Wave VIT are not included in the present analysis.

A last observation relative te the 80 dB SL ipsilateral records of this
study involvee the occasional occurrence of = emall positive peak immedi-
ately preceding Wave I-N. This nay ba observed in the Figure 3 records for
subjec.s 823-2286, 825-2178, 825-3366, and 825-1256. Mouney et al, (16)
have idontified such a positive wave as P, vhile Yoshie (reference 40-
Figure 1) has presented a record with a corrasponding peak uvhich he relatas
to tha summating potential (7). It is not known at this point if these
snall positive inflections are due to stimulus artifacts or elactrophysio-

logical octivity.
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BRAINSTID! MBASUREMENT STATISTICS

Tha rosults of the etatigtical analysas made of the brainstem data
darived fvom the cursor measurement of the latency and amplitude of each
identifichble wvave peak for each individual subject are tabulated in Appendix
& for tho ipsilateral recordings and in Appendix 3 for the contralateral
racordin;s. Each of these appendices contains separate tablee describing
tiia four basi:s response measurements of concern to this study; vis, latency,
transnicoion tima, half-pardiod, and peak-to-peak amplitude. Yor sach of
thage mzosurement parametere, for each of the three stimulus levels, and for
cach of the brainstem wave components, a listing is presaented of the mean,
nedian, cinirum valus, wmaxiwurn value, range of values, standard deviation,
standard arror of the mean, the number of measurements (aars) comprising
the s&mpleo, and the number of weasuraments expressed as the percentage of
tho total number of ears--70--available for analysis. All data used in
the calculation of these group statistics were derived from cursor neasurs-
uents meda on thu 4000-semple tima~gveraged brainstem recordings.

Tho toen and standard deviarion data aseoclated with the latency of the
{ndividual brainstem wave components have baan extracted from Table AI and
plotted Zor readsr convenience in Figure 8, Corresponding ipsilateral data
have beecn extracted from Tables ALY, AIII, and AIV for the traneission
time, half-period, and peak-to-pesk amplituds measurements, respectively,
and plottad in Figures 9, 10, and 11, respectively. In sach of thase figures,
the thrca data points plotted above a given wsve identification symbol corres-
pond to the mean,plus and minus onc otandard deviation, of the responsce
produced at tha 40, 60, and 80 48 8L stinulus levels (rsading from laft to
right). Theee three data points are aqually spaced along the horizontal a.ds
and thus represent an sbbreviated stimulus input/response outjyut curve for
each individusl braingtem wave component. Those mean dats points plotted
without standard doviation limits denots rasponse samplae with an p less
than fiva for which, as an arbitrary decision, statistical calculations were

not parformad,

Ths pattern of the ipsilateral latency data plotted in Figure 8 19 ap
would bc expected in that all twelve wavs components shov a decreansc in
latency with an increase in stimulus level, For the majority of the waves,
the otandard deviation of the latency msasursments decreases as tho stimulus
level is raised,reflecting the inproved signal-to-noise ratio conditions.
The etardard deviations of both components of Wave VI were relatively large
and more or less independent of stimulus level, This observation may be
relatad to the occasional difficultiss encountered in identifying the exact

peeks of thie particular wave,

As has been emphagized previously, across the boérd comparisons of
latency end amplitude data produced by difterent laboratories are complicated
by the rany differences that axist betwean measurement equipment and techni-
ques. The best comparative reference for the data of the present study is
probablv afforded by the bilateral work of Thornton (34-37) who also recorded
sinilar eimultaneous ipsilateral and contralateral responsas and measured
the responas characteristice of both the negative and positive componants
of each individual drninstem wave, In general, the latency data of Table Al
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Figure A
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brafnatom wave componcats am a function of stimulun Joval bawnod on 70 ears (33 mubjacte).

18




end ?igFre 8 follow thoso reported in the iiteraturae. Yor aexample, ths

60 dB 2L ipeilateral data for the negative wave components of this etudy
clowaly match (within 0.1 millisecond for all waves but Wave I) the 60 <)
data rcported by Picton et al. (18)) are slightly shorter than tha 60 dB
SL-30 Hz clicl rate latsncies reported by Rowe (23) for his yuunger popula-
tion; oro slightly longer than the 90 4B Lp-10 Mz click rate latencias
reportcd by Zollner, Karnahl, and Stanga (43); are considerably longer then
the $C dB 8L-10 Rx click rate latencies reported by Berry (2); and are fairly
wall velated (both negative and positive wave componants) to the 60 dP 8L
data ronorted by Thornton (33). For the 80 4B 8L date of this study, the
latoncics of Waves II-M through VI-N sre, in general, slightly lomger then
thoze raoported Yy Lev and Suhmer (14) and by Lieberman, Sohmer, and Sssbo
(1%) ucing 75 dB HL click stimuli presented at a 10-Hz rate, The lateaciss
of Wava: I=-N and V-N at the 40, 60, «nd 80 dB SL stimulus levels of the
pregont study all fall within the plus and minus one-standard deviation
?:g?dafy 1imits of the composite laboratory data plotted by Picton et al,

Ous observation of interest in Pigure 8 (derived from Table AI) involves
the potontial existence of s latency nonlinearity with tha three etimuius
laovals uzed in thae study. With the exception of both components of Wave II,
and tha positive component of Wave VI, the decrease in latency that occure
betwesn 40 and 60 dd SL is considerably graater than the decresso that occurs
between 60 and 60 4B SL. Yor example, the latency of Wave I-X at 40 and
60 dB S is approxisately 2,36 end 1,63 siliiscconds, respectiwely, repre-
senting a decrease of approximately 0.7 millisacond., At 80 dB BL, the ¥ava
I-N latcacy is 1.33 milliseconds, thus representing a decreass of only
0.32 millisecond from the latency at 60 dB SL. This nonlinearity is aleo
reflectcd by the Wave V-N latency dataj i.e., 6.38, 5.73, and 5.47 milli-
seconds at the 40, 60, and 80 dB 8L stimulus levels, respectively. As
diccuscod earlier, thesce threa stimulus levals were referencead to a 40 dB
SPL mesn sensory threshold for the group. In this respect, it is possible
that the observed latency nonlinearity may be due to the relatively high
sound prossure level (120 ¢B peak) sosocisted with the 80 dB SL stimulus.
The Wavo I-N nonlinsarity corresponds roughly to the break in the N1
data plotted by Yoshie (reference 39-Figure 2) which occurs around 60 db SL
vhich in turn is fairly closs to the transition level vhich separstes his
"N and "L" smplitudg input-output curves., The data of Cullen et al. (3)
alwo indicats a nonlinsarity in the N1 (Wave I-N) latency response over tha
60-110 ¢3 Lp stimulus range. This nonlinearity, however, was of exponential
rather thsn of discontinucus or break form. The latency data plotted by
7ollner, Karrahl,and Stange (43) aleo indicate the potential for nonline-
arity vith c.imuli in the 80 to 100 dB Lp range. In this case, the trend
{s noticeabla for not only ¥Wave I, but alpo their Waves 11X, IV, and V.

Corrgsponding mean and stardard deviation data, extracted froe Table AXIX,
are plotted for tho ipsilsteral transmission times of the f{ndividual drain-
stem wava compononts in Miguro 9. An detailed earlier, the tranemission time
of & givon wave component wed defined as the time interval between the ini-
t1al Wavo I-N pesk reprosenting VIIIth nerve activity and the paak of the
given wava component, Since the measurement of this parameter depends on
the precanca of an identiiiable Wave I-N, and since the incidance of thie
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Plot of the sacan (plus and minus une wtandard deviatton) tpeflateral transwission timo of the
todividunl wrolnntem wave cosponeats an a fuaction of stimidus lovel (dats extracted from
Appendix A, Tonle A JI),
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vave decreasee at tha lower stimulus levels, the number of individua -
uiesisn time data availabdbie for etatistical analysis is conniderubli :::::
then che number available for analys’s of the latency data. Ao indicated in
Pigurc 9, therc #as a ganeral trand for tha mean tranemission timas of the
1ndividual wave componente to increase as stimulus level was rajsed. Excep-
tions to this tremd included Waves III-P, V-P, aad both components of VI,
Azothor geseral trend involved a gradual incresse in the etandard deviation
of tho measure vith wave numbar. The trand for the standard deviation of
tho Figure 8 latency data to decrease with an increase jn stimulus lavel wis
nov ¢o proanounced for the transmission tiwe data.

£2ain, the transaisaion tima data of this study follow, in general,
thooco reported in the litarature. Good compazison is afforded by ths inter-
pealt conduction time data of Rowe (23} who collacted considersbia brainstem
inforzation on two ropulation groups widely seperated in age., He also made
direct comparisons of his measurements wvith those collected in othar labora-
torico., Por the younger population, Rowa reported transnission times of
1.09, 2.08, and &¢.05 milliseconds for Waves 1I, III, and V, respectively,
ceing clicks 60 dB above click threshold that occurred at a 30-Ks repetition
rate. In tha present study, the ipsilateral transmission times produced by
60 4o 8L clicks occurring at a 21-Hz rate were 1.17, 2,24, and 4,14 willi-
seccrds for the .ame threc waves, Allowing for the differences in recording
awthods end click repetition rate that exist between the tvo studies, it
appecTe that the two sats of Lransuission time data are ressonsbly wall
matehad. Bince the variations in transmission time that occurred as a func-
ticn of stimulus level wers relatively smcll, the contention of Rowe that
this measure is independent of stimulus leve) may be trus for all practical
purgozen., Visual inspection of the lateacy data plotted by Lev and Bohmer
(refcrence l4-Tigure 2a), Pratt and Sotmer (refarence 21-Figure 3), and
Saltore and Brackmenn (reference 23-Figure 1) shown little change in trans-
mioslon time as a function of stimulus level. Howaver, visusl inspaction of
ths latency data plotted by Thoranton (reference 37-Figure 9) also indicates
a s20ll {ncresse in transmission time with increasing stisulus level for at
less: Wave V-N (his Wave NA). Coats (A) also reported a small increase in
the tranomission time of Wave V and noted that the latemcy data of Starr
and Achor (30) are competible with thie obeservation.

The ipsilateral half-period dats, extracted from Tabla AIIl and plotted
in Figure 10, represent the time interval betwesn the first negative paak
of a givon wave and the immadistely following positive component of the sama
wave. As with the tranemission time dats, the pumber of half-period measure-
mant2 available for analysis is scaller than the number available for analy-
gle of the latency data since both the negative and the positive components
of & given wave must be present to define Lts half-pariod. Thie half-period
pargzoter, not genarally reported in the liturature, is presanted to give
gome inpight 4nto the fundamental frequency of oach individusl drainstem
weve. Treating the half-period of a given bdraiustex wave as hali the actual
pericd of & continuous sinugoidal oscillation, the fundamental frequancy of
the wave cen be calculated as the reciprocal of the period. In this context,
{t can be seen from Figura 10 that Wave IV has the shortast half-period
and thus the highest fundomental frequency. In effect, the 0.24-millisecond
half-period obseyved for cthe ipsilaterally recorded Wave IV at 80 dB 8L
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stimulvs level can be visuslized as describing & wave with a fundamancal
frequency of approuimately 2000 Me. Bquivalently, Pigure 10 indicates thet
umvg V hzd the longest half-period and thus represente tha lowest frequency
brainstan wave; o.8., the 0.87-millisecond half-pariod observed at 80 dB SL
significo a fundamntal frequency of approxinately 575 Ms. BRBacause of “he
high-froquancy rolloff characteriutics of the Besgel filter used in thie
study, it would be expccted that gain attenuation would ba greatest for
Vave 1IV. Again, 1t is emphasized that the half-porfod data provide only
@ vary vough approximation ¢f the fundumental Jregquancy of a given wave.

Tho half-periocd data, as reflected by the standard daviation bars in
Figure 10, exhibited considerable nore varistion thsn either tho latency or
trenzeicsion time wassurements. There is ns across-the-board trond for tho
half~poricd to eithor dncreace or decresss os a function of stimulus lsvel.
Yava 1 choved o jump dncressc at 80 dB SL, Wave III displayed minimal vari-
ation, zad Wave V reflected a decreess in half-period with increasing stizu-
lue lovole. It should be noted that if a trond was present for the half-
paricd of the aarly wavees to incraase or decresse as a function of the
stimnluo laval, then the tranemission times of the later waves would increace
or dacrcase corvespondingly. In thie respect, the jump in the half-period
of Wava I at 80 dB SL may account in part for the incresce in transedseion
tiwa thot accompanied an incrasse in etimulus level for some of tha sudsc-
quent woves. A related point involves the definition of the trancmission
tize mocsurement, If one wished to represent transmission time as the latomy
differc-ce betveon the very onsat of peripheral activation and a distinguish-
oble wava peak occurring further along the brainstem route, then tha onset,
rathar then firot peak, of Wave I-N would sarva as the bast measursmant
refercnzg. Thuo {f tha half-period of Wave I increased as a function of
stimules leval, end 1f the actual onsat of VWave I occurred approximately
a Quartcr-poriod before its firet negative peak (Wave I-N), then this
corrcciion would have tha tendency to make the transmiseion time o' llollow-
ing vovoo less dependent upon stimulus level,

The coasured peak-to-peak emplitudes »f the individeal brainstem waves
hsve boon extracted fron Table AIV and plotted in Pigura 11, These data aleo
ozhibit considerable variability across etimulus levuls. Ao has been reported
by othoro (15,21,33), the standard deviations of the asplitude data are much
greater on a proportional basis than thosa of the latency data. On an
1adividucal subjecct basie, a rise in stimulus level is generally accompanied
by a riza in brainstem wave amplitude. On a group dbasis, however, this
relaticaship s not readily established for all of the waves analysed. For
exenple, Wavas I, UII, and V show an increase in amplitude when comparing
the responses et 40U and 80 dB SL vhile Wave VI shows the converse. The
Wava IV deta of Figura 11 chow the extremaly lov level (7 to 71 nancvolts
range) cf this relativelv low incidance brainstem wave.

In general, the statistical propertias of contralateral brainsten messurs-
ment Jata, summarized in Tables BI through BIV, follow thoss of the ipsi-
lateral data, Thuere are, however, differences between tha wmean latuncies
of cortcin of the individunl wave couponents. These differences will de
d1lecusecd in tha section which addresses the tw recording wodes. With
Thorator:'e (35,38) bilaterally recorded latency data (based on & sudjects),
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the volatod standerd deviations of the contralateral responses ware greatar
than thooo of the ipeilateral raesponses. The most noticeable differencas
tavolved his Waves N3 and P35 (our IXII-N and VI-P), Tho data of the prasemt
study indicate that tha gtandard deviations of ths latency meacures were
approzimately the same for both xecording modes for all components excapt
VI-Y ond VI-P, Thornten aleso found the ipsilateral amplitude data to be
moroe ovdered az a function of stimuluas level than the concrelateral smplituds
datuf This vao not found to be the casa in the present study in that the
eznlitude of the contralateral rusponse produced by a given stimulus level
follcuved, in general, that of the related ipsilateral responss for all wavas
wxcept VI, He also found that the ipsilateral amplitude was greater than tho
contrulateral amplitude for all wvaves except II. The same trend was observed
in tho prasent study with the exception that only Wave IV had a greater
contralateral amplitude. Thornton also indicated that the standard deviaticns
of tha contralataral amplitude measures were less than those of the ipai-
latczal measures with the differances being most noticeadle in Waves III and
VI. In the present etudy, the standard deviations of tho centralateral
erplivude data were less than those of the ipsilataral data for Wuves I
through III, and greater than the ipailateral responses for Waves IV and VI,

STATISTICAL DISTRIBUTION OF THE BRAINSTEM MEASJREMENT DATA

7n the discussion of the drainstem data presented in Appendicas A and B
no noncion was mada of tha statistical distribution of the individual obsar-
votiono used to construct the group statistics for the latency, transaission
timo, helf-period, and peak-to-peak amplitude measguvensants of the study.

To toat the normality of the distributions ssaociated with all four measure-
pant variables and all tuelve brainstem wave components, a Kolmogorov-S8mirnov
ona-oezsple tast of goodness-of-fit (26) of the cumulative frequency distribu-
tics of the obmarvad data to an equivalent Gaussian distribution was applied
to tho study data. Such an analysis, performed by Thornton (36) on the
latcacy and arplitude measuremants derived from six subjects, is of value
vhen wei,hing che dacision to use parametric or nonparametrir statistics to
analyze gelected response diffarences and corralations.

To implement the Kolmogorov-Samirnov test, a normalized cumulative fre-
quancy distribution for a Gaussian population was constructed with the same
goon end standard deviation as thoso of the observed data. The maximum
devistion on a point-to-point basis between this theoretical distribution
and the normalized cumulative frequency distribution of the obaserved dats
vas calculated. The results of the test for each of the brainsten waves are
listod in Table I for the ipsilateral responsas to tho 80 db 8L stimulus
condition for all four measurement variables (70 esars), The absolute value
of the maximum deviation found betwveen the two distributions, and the number
of vaagurements used in the calculation of the obsmerved data distyibuticn
are ohown balow each of the identified wave compoments, Only the latency
and transmission time waasures involve doth tha negative and positive wave
conponente since the r.msining two brainstem measures are bamed on differ-
encco betwewn the two components associated with a given wave. For the
latcncy meapurements, the null hypothesis that there was no difference
pati:aen tha observed and theoretical Gaussian distributions could not te
dieproved at a significance level of .08 or greater for any wave component
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othar thizn Wave V1-P, The same applied to the transmission tima dats, vith
the exccotion that the deviation obaservad for Wave VI-P wvas significant

at the .01 level. For the half-period and peak-to-peak smplitude data,
thera woo no evidence that the distributions of either of these maasures
diy'fered significantly from squivalent Gauseian distridutions for eny of

the six brainstem waves, In effect, for only wave component VI-P, and

for only the latency and transnission time meagurements associated with this
componart, is there any statistical evidence to imply a non=-Caussian distri-
bution cf tho measursment data. Thornton (36) also reported finding mo
avidence for significant departure from normality for doth his latency and

amplituda date.

Beccuse of the lower n associated with these measuraments at stimulus
jevels balow 80 dB SL, the same Xolmogorov-Smirnov one-sanple test
of goodnoss-of-fit wes applied to only the predominant waves; i.e,, Waves
1I1 ond V, at tha 40 and 60 4B SL stimulus levels., Aguin, no evidence could
be found for any of the four measurements wade on the negative and positive
componenta of these two waves that would indicate a non-GCaussian diatridution

at theos lower etimulus lavala,

The sama goodness-of-fit test was also applied to the 80 dB SL contra-
jateral ncasuremant data listed in Tables BI through BIV. In this came,
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no evidorco wag found to indicate that tha distributions of any of the four
voasuresiate associated with any of the twslve wave conmponents differed
aignificontly frem equivalent Caussian distributions. [It should ba noted,
however, that because of the relatively lov incidence of Wave I-N in the
contralatoral veccrdings (identified in only 13 of the 70 eara at this
ctimulun laval), the Xolmogorov-Smirnov test for the transmission time
£088UYCRINE0 Van based on a relativaely low n.]

LEFT/RICLT EAR DIFFERENCES

To doterming 1f any differences existed in the ipsilateral responseo
of the 10ft and right ears of this young populstion, s matched-pair Studant
t-test wos epplied to each of tha four measurement variables for each of
the individuasl wave conponante at the 80 dB 8L etimulus level. The rasults
of this cact, based on a comparison of tha differencss between tha left- and
right-es- responses of each of tha 35 subjects, ara prosented in Table XI.
The tablc lists the left—ear mean, the right-ear mean, the lincar correla-
tion coe’ficient datween the two measurerents, the matched-pair Studeat g-
statietl:, and the number of data pairs involved in the calculation for sach
of thz individual brainstem wave componenta, A probdability level of .01 or
less vac calected to establish the minimun statistical significance required
to definn a diffaerence. This relatively stringent criterion was selected in
the intcreat of identifying real differences at the exponee of overlooking
true, buz btordaerline diffarences bstween the ears.

Exzzination of the t-statistic, identified as "t-means,” in Table II
for each brainstem wave component and for each mesgurement variable indicateo
that thore were no significant diffsrences between the means for tha left-
and righi-ear responses for this subject group. Selters and Brackman (29)
have invastigated the potential of using Wave V latency differences between
the tuo cors to detect acoustic tumovs, The majority of their normel sub-
jects hod Wave V interaural letency differences datween 0 and 0.1 willi-
sacond in response to 120 dB peak equivalent Lp click stimuli (83 dB HL)
presentcd at a 20-Hs repetition rate. Intersural lavency differoncet
greater than 0,2 millisecond ware considered to be suspect with the sise of
the tumcr ralated to the magnitude of the difforence. As indicated in
Teble II, the differences in our study between the mean latencies for the
tvo €3Ys wore extremely small for all tvelve wave components. Yor Wave V=N,
the letcncy difference betwsen the maans vas lass than 0.02 millinaconds
for thic celect normal population; the maximum left/right difference observed
within ths population was 0.24 millieecond. Tor the ative and positive
componants of Waves I through VI, the standard deviations of the 10!t7r1;ht
latency differences were 0.11, 0.11; 0.08, 0.15; 0.10, 0.12; 0.04, 0.12;
0.12, 0.26; and 0,28, 0.58 millisecond respectively, For this population,
@ Wavo V-N interaural latency difference of 0,23 nillisecond (wean difference
plug and minus 2 standard deviations) would incorporate the rosponses of
all 35 cubjects. The standard deviation of the Wava V-N interaural differ-
ence for the €0 dB SL contralateral recordings was approximately the sume
(0.11 niilisecond) as that of the ipsilateral differences.
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I 3ILATERAL/CONTRALATERAL DIFFERENCER

) The matched-pair Student t-test was also utilised to compare tha indi-
vidual brainsten wave measuraments of the simultaneously vecorded ipsilateral
end contralateral responses. The results of this comparison are pracantsd
in Tabdle III, which utilizes a format identical to that of Tablae II. EKach
vzichad-pair data esst involves the comparison of the ipeilateral mean
rczpongs to the contralateral mesn response of tha same ear for a given
gudjsct. Tho left and right ear responses of che 33 subjects to 80 4B SL
stizylation were treated as eeparate responses, resulting in a total of
70 ears. In Tabla III, negative values for the t statistic indicate that
ti:z magnitude of the ipadlateral response mesn is less than the magnitude
of tha related contralateral responsa mean, Referring first to the latency
dzz2 of Table III, it may be seen that statistically significant differenceo
exlst botween the {psilateral and contralateral latencies, In the ipsi-
loteral recordings, Wava Components I-P, II-N, 1I-P, and V=N significantly
procada the corresponding componants in the contralateral recordings., Con-
versely, both componants of the ipsilateral Wave III lag the corresponding
c¢oiponants of the contralateral racordings. These differences are signi-
fizant to the .00l level or batter. The letency correlation coefficients
cl.ovm in Table III indicate that there was no signifficant relationship
bozwaen tha ipsilatersl and contralateral responsss for Wava componsnt
1-17 and Wava VI. All othar wave components were correlated to the .00l or
tczter significance leval, with the excaption of Weve I-P vhich had a
ginnificance level of .01 or bdatter.

The latency differences betwsan the ipsilateral and contralateral
rosponses just mentioned are obviously of snall megnitude. Yor sxseple,
th2 mean latency data for Wava V-N indicato that the ipsilateral respouse
£57 this subject group preceded the corresponding contralateral response
by only 0.12 millisecond. Although of small magnitude, the difference was
found to be present in over 82 percant of tha subject records. That is,
of the 70 ears examined, the ipsilaterslly recorded Wave V-N preceded ite
contralateral counterpart in 58 cases, sgualed it in 7 cases, and lagged
bchind it in only 5 cases. Dxanination of the basic latency data for
Wove IIX-P on an individual subject basis showed &n even mors pronouncad
pattern. Of the 64 ears which produced an identifieble Wave III-P, tha
ccntralateral rasponse praceded the ipsilateral response in 39 cases,
ecualed the ipeilateral response in 3 cases, and preceded the responsa in
only 2 casas.

Figure 12 is presented to further illustrate the real nature of these
{poilateral and contralateral latency differences. At the left in the
figure, brainstem respouses produced by 80 dB SL click stimulation of the
left ear are plotted for five different subjects. Tor each subject the
contralateral response is superinposed in a dotted pattera on the solid-
line ipsilateral response. The records at the right pertain to the corres-
ponding raaponses of the pama subjects produced under right-ear stimuluo
ccaditions., Por the subject record shown at the top, identified as Budbject
§-21, both conponents of the contralateral Wave III claarly precede the
ipoilateral Wave ITI1 for both left-and right-ear stimulation. The contra-
lcteral Wave V=N only slightly lags ite ipsilateral counterpart. The right-
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ezy §?imulus record for this subject best 1llustrates the general trand
for tho 1psilateral’.y recorded Wave 1I to precede the szma contralateral
vave,  Tho remaindng subject records 1llustrate veriations on the sawo
genoral pointy, including the virtual abssnce of Wava I=-N in ths contre-
lozozal vecordings.

»Thm@@ differencas in the ipsilateral and contralatersl reeponses fov
difi.zent brainstem waves quantitatively reflect the latency uifferences
cbzarved by Picton et al, (18) wvhen comparing vertex-ipsilateral wmastoid
reeosdings to various othar electrods configurations., The findinge alco
suprort in part tha work of Zarlin and Raunton (42) who described the
dolny of Wawn [11 in the ipsilateral recordings and considered that this
dif2orence cupported tha findings of Buchwald and Ruang (3) in cat thot

. Vava 111 4e gsperated at tha superior olivary complex. Their finding that
Vavso IV end V occurred simultanecusly in the ipsilaterel and contralateral
recovdings was validated for cnly Wava IV in the present study. The delay
of iiva V-1 foxnd in the contralateral recordings, though small, was found
to t: statiatically significant for the population of our study.

At this point, it {e difficulc to devalop an argumsnt that towa of
thez? wava latency differsnces in our study arosa from the configuration
of ti:a brainstem wessurcment system. That is, when the left asr was being
etizlated, on2 recording channel measured the potential diffarence betuween
ths 7ortex and laft ear mastoid (identified as the ipsilataral respense)
end tho othor chamnal moanured the potential difference batween the vertex
and cizht ear wastoid (identZiied as the controlateral response). To
stizlate the right ear, tha sama heedset was moved to the right ear amd
the vacording channels left unchanged. Air-conducted acoumtic click cross-
ovar vas ainimized by the ear plug and dummy headset used on ths contra-
lazc7al asr. Yons-conducted acoustic crossover would be present but at &
mini::al level. Thus the igsilateral chamnel for left-ear stimulation becams
the contralateral channel for right-ear stimulation. A related point in-
volyvzn the symmatry of tha surface electrodes relative to the twc recording
che=ials. If a nonsymmetrical (anatomical or electrical) placement of the
elecrredos ware utilised, then 4t might be possible to attridbute tha ipwi-
latoral/contralateral diffarences to this factor. However, this is difficult
to roconcile Lo that the two simultancously rotorded brainatem rasponees
waro recorded betwaen cach mastoid and the vertex with a foreheed electrode
serving as the ground. Although the forshead slectrode cannot at all bda
considored as an indifferent reference, it is difficult to postulate that
thic factor could account for both the lead of Waves 1-P, II-N, II-P, and
V-P cnd the lag of Vave III in the ipsiiateral recordings as compared to
the contralateral recordings regardless of the ear stimulated. At thio
poinr, 4t is coneidered sufficient to presant these findings for further
velidation with tha hope that a neurological explanation can be postulated
in tio future. Tha findings certainly raise questions relative to the
conclusions of Van Olphen, Rodanburg, and Verwey (38) that no elactrode
positions cen be found to identify differsnces in vesponse to ipsilateral
and contraiateral stimulation.

furthar ineight into the nature of these differences is afforded dy ths
trencniseion time data presented in Table III. Again, the contralateral
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W.va II1 response 1s shortar then the transmisgion time of the ipsilateral
5’;.v;,ysmm. Howaver, the only brainaten wwye in the ipsilateral rzcordinw
#1'ch has a eignificently shorter transmisefon time than ite contralatersl
Cunterpart 1s Wave 1II-M. It should be noted that since the meaguromsnt of
trinsnissica timo depends on ths existencs of Weve I-N, and since Wave 1-H
brsa lov incidence in tha contrelstersl recordings, tha t-test statistice
£ this moesura are derived from relatively fav data points, The half-
wricd data of Teble IIX {ndicate that tha durations of Waves II and III aro
g7.ater in the ipsilataral recordings. The converse is true for Wave IV.
P tha poak-to-pesk awplitude comparisons, .he ipsilateral rescponser werc
oiznificantly greater for Waves I, II, III, and V. As with the half-pericd
dzta, howaver, tha Wave IV smplituds was greatest in the contralateral
rcootiings. Referring to Pigure 7, it 1o spparent that the incidence of
Hxvd IV w2 aleo greatest in the contralateral recordinga. It wes a gemeral
cbosrvation that 4f s slight notch or dip was detected in the ragative slopo
croating HWave V-N in the ipsilateral recordings for a given subject, then
ths game subject would generally have a rocognizable Mave IV {n the comtre-
lataral racordinge. = This obeervation is typified by the Vave IV reasponse

of fudjact 6-7 in Pigure 12. Whenever Weve IV was clearly present in the
ipzilatezal recordings, it wes generally prasent and of larger magnituds

in :ho coantralateral recordings,

BR . INSTEM NAVE CORRITLATION MATRICES

To gain eoms possible insight into reiationchips oxieting among tha
individual dreinaten wavas, both within and saross the four brainstem
ECsUTIRent peramatars, an extensive series of correlation matrices wae
wwostructed snd tabulated ia Appendices C through F. These matrices, based
upca the Peareon product-momeat coefficieat of corrslation, ara intended to
provide normative baselina relationships for this young population which
cazn ba compared to corresponding data to be collected in the future for
old:r populatioms. Tho data used in the calculations arc based on the
raszzonses of the eantire subject group to the 80 dB 8L otimulus level. Each
elcammt of the correlation matrix liets both the coofficient of correlation
end the number of data paire utilised to calculate the cosfficient., When-
ever the ouzber of data pairs was leas than five, the correlation coafficient
vas not calculated. The unity-value principal diagonal ccefficient 1s listed,
vhzn appropriate, to indicete the nuwber of data values available fox each

vcform wausurament,

fho correlstion matrices pressnted in Tableos C I thwrough C IV describe
tho intracorrelations botween the {peilatarally recoried L.iainstem wavas
for the latency, trenemission time, half-pariod, and peak-to-peak amplitude
mozsurenents, raspoctively. Tha matrices in Appendix D ara aleo based on
tho ipzilaterael drainstesa data but provide intercorrelations between the
different measurements for aach of the individual waves; for axample, Tadle
D I doscribes tha correlations between the latency and transmission time
scasurements, Tabla D I1 pertains to the correlations between tha latency
end half-pariod msasurensnts, et cetera., Appendix B, also based upon the
{psilateral data, containe matrices that describe the correlations betwsen
rsacurezent data derived from left-aear stimulation and corresponding data
darived from right-ear etimulation for all four of the drainstem woasursment
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pariltozo.  In Appendix F, matricas are presented that describe tha corre-
lati:na Botwcen tha ipsilateral and contralateral rosponses for each of the
Zeaziimzat pararaters.

1t euthbors recognize that tha extensive analysis or interpretation of
thzco correlation matrices at chis phase of the project is far bayond tha
irtz:l2d scope of the present paper. S8ince little is known at the present
timz about correlations that may or sheuld exist between and across the
btralonsien waves ond thalr different measurement parematere, it ip felt that
ths roatrix data vill be of value primarily as referance material for future
broi:rsten dovastigacions, Ia this light, only a few cursory comments will
b2 nzds relative to tha correlation dsta presented in tha appandicese, with
erphnole placed primarily on the trend or direction rathar than the sctual
mazaitude of chs cuvefficients,

Viret reference will be mede to Table C I which tabulates the covre-
laticzs batwesn the twalve brainsten wave latency measuree derived from the
ipeilataral recordings meds at 80 dB 8L, It is exphasized that for a given
brainatem wave compenent, the meximum number of latency measurcmente availablo
for correlaticn with snother wave component is signified by the mumber be-
reath the unity-valua correlation coefficient listed for ths given coxponent.
A3 d:unoted by the asterisk cyabols in Table C 1II, there werc thirteen corre-
laticze batween the brainstom wave latencies that were significant to the
.C01 1leval or greater, and seven that were significant to only the .01 level.
A Tivot observation {e that for all eix brainstem waves, the latency of the
pozitiva terminating peak of a wave was always significantly correlated with
its yreceding regative = ak component; {.,e., significant correlations existed
betussn the latency of .-P and the latem:y of 1-N, between II-P and II-N,
atc,, through VI-P and VI-N., Purthormore, the early vaves wers linked such
that the latency of the initial negative peak of a given wave was correlated
(significently) with the latency of the positive peak of the immediately
preccding vave; 1.e., Wave I1-N was correlated with: Have I-P and Wave II1-N
with Wave II-P. 1In the cesc of VWave I1I, ths positive component was corre-
lated with oll preceding wave componants, and the negative compounsnt with all
but ¢ha activating VIIIth nerve porential repressated by Wave I-N., The
principal bdrainotem wave component, Vave V-N, was found to be rorrelated
vith the lgtency of both components of Wave III and the poritive componant
of ¥Wave II. A point eignificant to the use of the latency of Wavo V as a
raazure of audiometric threshold is that this wvave was nmot correlated with
the iatency of Wave I-N (the equivslent of the N1 potentfal of electrococh-
leogzzaphy). Thoraron (veference 36-Table III) also found no correlation
batwvcan tha latoencies of these two wavrs (his N1 and M4) based upon 80 4B SL
etizull and six subjects. Howsver, he did find significant correlations
praccnt urder his 60, 70, and 90 4B SL stimulus conditions. No mignificant
laterncy correlations were found for Waves IV or VI other than bHetween thsir
negative and positive peek latencies. The actual magnitude of the correla-
tlonz feund to be significent was greatest, in general, for tha correlations
thot oxisted hatwaegn the positive and negative components of a given wave.

$ho correlation matrix for the brainstem transmission time variadle ie

praoscnted in Teble € 1T, In thie matrix, there were fourteen correlations
cigni{ficant to the .00l level and . ive significant to only the .01 level,
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its corvolatiica relaticnships followsd, in gensrel, thoss presen
latency data. It should bas noted that since the t;amiuzon l;i:nwi:hat‘;:vam
vave comnonsat ugas the latency of Wave I-N as the sero measurement reference,
tha coluin labaled as I-N in this table corresponde to ths correlation be-

; twsen tho latency of ¥ave 1-¥ and the transaission tims of tha individual

- brainsrz waves 1isted in row order below. A genaral conclusion to be gainad

‘ from this coluzn {s that although the latency of Wave I-N is significantly

. eorralatcd with the tramzmissior tims of only Wavs components I-P, II-P,
exd II1<!, the corzelation ccefficient 1s in tha negativa ssnse for all

P ¢loven following compenents. That is, an incresse of the latency of Wave I-R
tonds to desreags the transzission tima of ths following waves. In the case
¢ the tianemigoion tima of Wave V-, significant correlations existad with
Wave 11-% end both cozponents of Wave IIX.

For ¢ho Tadle € III half-psriod correlation matrix, tha only correlation
found pirnificant was batween the wsasurements for Waves I and III. This
corrolation, in ths negative direction, would indicate that an increase in
ths durazion of Mave I 1s reflected by a decrease in the pariod or duration
of Wavs T11. Tha correlaticas batwsez Wave I aand tha rensining waves, though
rot statistically significant, reflect the same negative trend, Por the
Tadle C IV paak~to-psak amplitude matrix, no significant correlations were
datected axzcept batwoen Waves IIT and Vi f.e., a large Wave IIT is generally
followsd by a largs Wava V. Thornton (reference 36-Tadle IV) also found
relativoly fow sigaificant corrslations across the reapcnse amplitudes for
tha individual waves.

To a-zist in tha intearpratation of the correlations that exist acrose
tha four bra’nstem response messurement parsmeters and betwesn the individual
brainstc: vaves, the data pressat in the principal diagonale of tho eix inter-
correlation matrices presented in Appendix D have been extracted and tabulated
{n Table IV. Thesa extracted Jata describe, for each individual wvave or wave
coaponent, the correlations that exist betwoen all possible pairs of the four
breinstes measurcment parametere. As befors, thease date are based upon ipei-
lataral racordings meds at the 80 ¢B SL stimulus level. The latency versus
trensmiscion timo data of Table IV iadicate that thase neasurexsnts wvere
pignificcatly corrslaced to a relatively high degree in the positive direc-
tion for all of ths brainstam wave components. That is, an increass in
1stezcy vas ganarally sccozpanied by an increase in transmiseion time for
each wava, The nagnituds of ths correlatioa coefficients was greatast fox

= the subcoquent waves; i.e., Waves IV through VI. As shown by the complate
gatrix in Table D I, the significant correlations that are present bdetwesn
these tvc measuremsat paramaters fall naar the principal diagonal with only
fow exceptions. Generally, thes two measurcments warc significantly corre-
1ated for both cctmponsnts of a given wave. The transmission time of Vave V-
was eignificantly correlated vith the latency of Wave III as well as its owmn
latency. This table also reflects the negative sense of tha correlations
totwean che latency of VWave I-N and the troasmission time of the following

¥aves.

The ilotency versus half-period data of Table IV {indicate that significent
correlatisns bstwesn thepy two medsures ware present for ths negative and
pooitiva components of Vave I, tha nagative component of Weve II, and the
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positive cozponants of Wavag III, V, and VI. The correlations for Wave I-4
£2d II-N were in tha negative direction, indicating & decresss in the dura-
tlen of tha waves with an increase in vava latency, The positive sensa »f
tha correlations observed for the othar vave components implies an increase
ol wave period or duration with an increase in latency. Bxemination of tha
couplete matrix in Teble D Il indicates that no significant correlations
ciiet outoeide of those along tha principal diagonal.

In tha case of the latency veraus peak-to-paak anplitude dato of Tablo IV,
olgnificant correlations wers achieved only for the components of Wave V.
Tha negativa sanze of thase two correlations indicates that a decrease in
e:plitude 48 generally accompanied by an increass in latency for Wave V.
Toornton (refevepca 35-Table IV) showed significant negative correlations
for Wave N& (our V-N) as well as Vave N5 (our VI-N) using 80 dB SL ctimuli.
Eovaver, at 70 and 90 dB SL, only Wave III was found to be significantly
correlated in the samez negative direction. The complate matrix in Table D-II1
el.cwe that the 1y other significant correlations present involved tha
ictency of Wave V and the peak-to-paak amplitude of Wave III. These corra=
ction coefficlents too ware negative, implying that en increase of the
Wove IIT emplitude results in ths shortaning of the Wave V latency.

Thu tranezdgsion time versus half-period data of Table IV show signifi-
<at corrolations for only the positive components of Wavoes 1I, vV, and VI,
For these components, the coefficients signify an increcees of transmission
ti=a with an increasa of wave duration. As indicated by the complete matrix
ir; Table D 1V, few significant correlations existed across the breinstem
vcves for these two maasursments. Most predoninant were the correlations
botween the period of Wave I and the early brainvtam wave couponents. Tha
tzansaigsion timas of both components of Wave 1I and the negative component
of Wava LIl wera significantly correlated inm the positive direc.:tion with the
hzlf-period or duration of Wave I. That {s, an increase in thu duration of
W2va 1 tends to incrsase the tranemission time of thase following waves,
Houaver, significant correlations betwaen the half-pariod of Weve I and the
later waves did not result. It should be noted that the unity-valued corre-
lg2ion coefficient associated with the half-period of Wave I and the trans-
uission timo of Wave I-P 1s not significant in the true sense bacause the
transmission time of Wave I-P is, by definition, the half-period of Wava I.

Yew significant correlations exivted betwaen the transmission time aad
pcak=-to-peak amplitude data of Table IV. Por only Wave V was there any
relatjonship, and this occurred in the negative direction as did the latency
versus peak-to-peak amplitudo correlations for this wave., Tha complete
zatrix tabulated in Table D V also indicates a negative correlation batween
the transaiesion time of Wave V and the psak-to-peak amplitude of Wave III
which, again, vas reflected in tha latency versus peak-to-pask amplitude

correletions.

As may be gained from an examination of Table D VI, the only significant
corralations present botween the half-period and pesk-to-peak amplitude data
wvare those present along the principal diagonal as 1{sted in Table IV. That
ic, significant correlations betwoen these two measuremants occurred for
Wavas II, IV and VI. These correlations, in tha positive direction, imply
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thct en Iincrease in duration of thoee waves 1is genarally accospenied by an
fucroaco in amplituedae.

fable V is 1dantical to Table IV, with the axception that the inter-
corrilations listed pertaln to tha contralateral responces produced by tho
80 &D SL stimulus level. (The complete correlation matrices from which
thacs principel disgonsl components were extracted ure uot incorporated into
the vaport.) 8ince the trensmiosion tima measurement roquires the maesure-
rant of tho latency of Wave I-H, and since the incidence of this wave was
relczively low i{n the contralateral recordings, tho nunber of data values
avolilable for correlation of this messurement parameter with tha other para-
watero 18 relatively low. The vast majority of tha correlations found to
be ototistically significant center on the latency versus transmission time
end lotency versus half-period wassurement pairs. TFor the lateucy versus
troromiseion tims data, the wavea that wara found to bo sigaificautly corve-
1atcd in the corrssponding Table IV ipailateral data, with tha exception of
'sve I1 and tha negative component of Wave III, ware found to be signifi-
cantly corvelated in the contralateral data. With the exception of Wave II,
tha somoe relationahip existed for the latency versus half-period correlations.
The only othar correlation found to be statistically significant in the
vem-ining measuremont-peire of Table V involved the positive correlation
botuaen the half-period and paak-to~peak amplituds of Wave IV. The lack of
significant corrxclations batween the contraluteral latency and amplitude
dats of our study for any of tha braiustem waves is contrary to the findings
of Thornton (rafercnce 35-Table IV) who identified saveral vaves with signi-
ficcat corrolations in tha negative direction,

In the previous esction, differences botwesn the masns of ths ipsilateral
braluoten messuras derived from left and right ear stimulation ware prasanted
and diecusced, In Appondix B, correlation matrices are presented that descride
tho rolationships that existed batweon and anong tha different ipasilatoral
broinston waves eepavately produced by left-and right-ear stimulation for
each of the four brainstem neosurement parsmatars. The principal diogonals
frou thesa Appondix B restrices have been extracted and lietad in Table VI.
Tho lateucy correlation matrix presanted in Table E I indicates that the
najcrity of the significant correlations occurred along the principal diag-
onol. As indicated in Toble VI, these correlations were all in the positive
scocu) 1.0., when the latancy of a given ipsilateral vave produced by left-
ear stimulation was rolatively long, tha latency of the corresponding wave
produced by right-aar stimulation would also ba relatively long. The laten-
clec of the nagative components of all folloving waves, vith tha exception of
Rave VI, verc all significantly correlated. TYor the positive coaponents,
significant correlations batween tha aars were obssrved for only Wevas T and
III. It should ba noted that the latency of Wave I-N was not correlated
ecrcos cara, Although this spocial subject group probably had a much batter
tgntched-gac' of eare than a group drawn from an unselected population of
the cema age ranga, this lack of corralation for Wave I-N prodably vellects
tho indopandance of the sensitivities of tha two eara for o given subdject.

In the case of the transmiseion time measuraments, it would be expacted
that correlations should exist between those left- and right-ear brainsten
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vavco that evolve from eoms common neural pathway or transmission route.

That ia, the correlations should increase for the brainsteun waves most
remczo from their Wave I-N peripheral origin. As indicated by tha Table E I
tran-oission time correlation matrix, significant correlations did not arise
until Wave III. The principal disgonal of Table B II, listed in Table VI,
shouz that the tranemission times of only Waves I1II-N, III-P, and V-N vere
{ntracorralated across ears. Tabla B Il also indicates tha presence of an
uneznected unidirectional correlation between the tranamiseion tiwee of
Wavcs IIT snd V-N. That is, the tranmnission time of Wave V-N as produced
by right-ear stimulation was significantly correlated with the transmiseion
tizco of Waves I1I-X and III-P as produced by left-ear stimulation. Tha con-
verca, however, was not true even though the numbar of data paire usad in
the tvo sets of calculations was spproximately the same. If thie difference

{s not dug to random statistical error, then no explanation can be offered
for the observation at this timse.

In the case of the Table E YII half-period correlation matrix, no oigni-
ficgnt left/right ear correlations were obsarved betwaen or smong tha six
brainsten waves. For the peak-to-pesk amplituda data presented in Table ¥ IV,
sigrificant correlations between the left and right ears along the principal
diagonal wvere fouad for Waves I, III and V. Unidirectional correlations
werc also present betwesn the amplitude of the left-ear Wava III and the
righz-ear Wave I; and the left~ear Vave V and the right-ear Wave IIl.

In a previous section of this report, data vers presented that identificd
statistically significant differences between the meens of the ipsilateral
and contralateral brainatsn measurements for certain of the wave componants,
The correlation matrices praseated in Appendix ¥ are intended to idemtify
stotistically significant relationships that may have existed betwsen tha
samc ipesilateral and contralatoral brainstem messurements., As before, the
priccipal diagonal of each matrix in Appendix 7 has boen axtracted and
sepcrately listed in Table VII. The ipsilateral data set derives from com~
bining the ipeilateral responsas produced by both left and right ear stimu-
lation. The same applied to the contralateral data set.

A cursory exsaination of the Appendix P correlation matrices will show
thaz the majority of the significant correlations observed between the ipei-
latcral and contralatersl responses occurred within the Table F 1 latency
matrix. A8 indicated in Table VII, the ipailateral and contralateral latency
peccurements were significontly correlated for all brainstem waves, with the
exceptions of I-N snd both .omponents of Wave VI, The level of the signifi-
cant corrslations prasent in the latency matrix vas, in general, greatast
slong the principal diagonal. Inspection of the ipsilateral wave components
1ioted in row ordar in Table F I shows that the latencies of both components
of Waves II and III were significantly correlated vith the latencies of
alucat all of the contralatersl waves covering the Wave I-P through V-R
range. The converses statoment, viz., that both components of the contra-
lateral Waves II and II1 wers significantly correlated with the ipsilatarsl
waves ranging from Wave I-P through V-N, is not true. In effact, vnidirec-
tional corralations are present. Exanination of the symmatry of the signifi-
cant corrclations within the matrix indicatea that for Waves II and IIIX,
the correlations are bidirectional and extend between the two waves, Yor
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exz::pls, tha latency of tha ipailateral Wave III-N {g significantly corre-
latod with the latency of the contralataral Wave II-N, and the contralatercl
¥ava TZ1-N 1s eignificantly correlatud with ths ipeilateral Vave II-N. Thic
8y:2lry 18 not st all odserved for Wave IV, The latency of the negative
component of the contralateral Wave IV is significantly correlated with the
latancy of all ipstluteral wave component.s ranging from I-N through IV-P,
The same velationship exists for the contralateral Wave IV-P vhich 1is signi-
ficintly corralated with all ipsilateral vave components ranging from I-P
through V-P. The convarss {s not trus for the latency of the ipeilateral
W23 IV components. For Wave V, the najority of the significant correlaticac
hav: the bidirectional character of thone identified with Waves IT and IXI.
Bousver, the contralateral Wavs V-N is significantly corralated with both
cozponsate of ipsilateral Waves II and III, while the ipailateral Wava V-¥

1s correlated vith the contralateral Wave III, but not the contralaterel
Wava 1T,

It 1s possible that the unidirectional nature of the Wave IV latency
corzelations is due to statistical errors arising from the small n associ-
atcl with the contralateral data, particularly for the early vaves. If this
is not the casa, one is confronted with the following obssrvations: Wave IV
is present in both ipsilatersl and contralatersl recordings, but its inci-
dencq is greater in the lattar. The amplitude of Ugve IV, when present, is
gsnozally greatest in the contralatoral racordings. The latency of the
initial negative component of Wave IV observed in the ipsilateral recordingo
s highly correlated with the seme component in the contralateral recordings
a3 indicated in Table VII. Tho secme applies to the positive component,

Wevo IV-P, with the degroe of correlation evan greater than that found Zor
IV-il. Lastly, tha latency of tha contralateral Yave IV was eignificantly
corralated wich alwost all of the preceding ipsilatersl wave componenta.

The latency of the smaller mugnitude ipsilateral Wave IV was only correlated
with its contralateral counterpart. In this respect, it seems that the con-
tralataral Wave IV is more closely allied with the brainstem events occurring
in the ipcilateral channel. The bidirectional corrslations observed between
tho ipsilateral and contralateral recordings for Wuves IX, Ill, and V would
ixply that these waves are one and the same in both forms of records., The
unidirectional nature of the correlations bLetween the ipsilatersl and contra-
latcral Weve IV recordings would possibly imply that the observed waves are
not of the same origin.

The transmission time correlation matrix presented in Table P II indi-
catcs fow significant correlations between the ipsilateral and contralateral
brainatem wave measurements. Again, because the transsdssion time variable
requirea the preasance of Wave I-N, and because Wave I-N has lov incidence
in the contralsteral racordings, this matrix i{s based on relatively small n
valuzs. The same form of unidirectional correlation response just described
for Yave 1V is presant for Wave V-N. In this case, the transmission time of
the ipeileteral Wave V~R 1is significantly corvelated with the transmiseion
tizcs of contralaterul Waves II and IXI-P, Ae indicated in Tadle VII,

Wave V-N i{s the only brainstem wave for vhich a significant transmission
timz correlation was obtained betwean the ipsilateral and contralateral

recordings.,
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Yinilarly, few eignificant correlations were obeerved in the Tsble F IIT
::ilfyariod correlation matrix. Agsin, Wave V {g the only brainstem wave for
th a aigndftcant half-pariod correlation was obtained batween the ipoi-
latezal and contralateral recordings. The only othar significant covrelation
prezcit in the half-period matrix tnvolved the contralateral Wave II and the
ipsilateral Wave I. The negative sence of this correlation inplies that an

incrensa in the latency of the ipsilateral Wave 1 genarally results in a
shoricning of the interval batween the peaks of the coatralateral Wave II.

In tho case of tha peak-to-peak anmplitula correlation matrix presented
in Tedie F IV, the only significent correlation that occurred along the
principal diagonal involved Mave ITI. This correlation {ixplies that Wave YIT
is tZs only bdrainstem weve that consistently displays the same anplitude
ras7enzea ia both the ipsilataerel and contralatexal recordings., The amplitude
of th2 contralateral Vave III was also corralated in the positivo sense with
the caplitudes of Waves I and V in the ipeilateral recordings. In addition,
the caplituda of tha dpsilateral Wave V wae negatively correlated with the
&plizuda of the coatralateral Wave IX.
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APPENDIX A

Statiztical wmmary of ipsllatercl response measuremaents for each of the Indlviduc!
4000-somp!o

breingtem evoked respense wave components. The data are based upon
Hme~creragod responses of 70 ecrs do 40, 60, and 80 dB SL acoustic click stimull

pracented of @ 21 Hz repetition rale.

Al, Latency Meansrements
A ll. Tronemision Time Measurements

A lll. Half-Perlod Measurements
A IV, Ped-to-Peak Amplitude Meosrements
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Tebla A |

Fuaction of Stimwivs Level
LATENC® STATISTICS FOR IPSILATERAL RECORDING S (Milikaconds)

Lzsle Ipolictorod Latancy Statistics for tha Indlvlidual Brolntom Wove Componants & a
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Table A 1}

{ Eale irilctero! Tramumizlon Time Statlstles for the Individual Brcinsteom Wova Components a3 ¢
Funedlon of Stimulus Level

TRANSMISSION TIME STATISTICS FOR IPSILATERAL RECORDING S (Milliseconcs)
, WAV: €3-SL MEAN MEDIAN MIN MAX RANGE STD-DEV  STD-ERR N-MNumarlc N-Peraent

P

t-p &0 A &) L3 108 70 130 016 66 .3
60 .35 27 4 47 130 .02 h ] .\

40 .54 .35 . LI )] 12 046 é 8.6

-4 00 1.17 A7 %4 V.60 66 129 il L)) 72.9
¢ &0 1.97 1.0 .74 1.% .82 178 .04 a8 4.0
40 .96 N O NC NC NC NC NC 2 2.9

H-f 20 1.60 1,60 1,25 1.4 514 N 00 58 Qa.v
! é0 1.5 1.2 1,23 .. 59 R 026 n 45.7
) 1.3 1.33 1,05 1.60 .35 212 NN L) 7.

=N % 2.24 2,37 1,87 2.5 N 140 07 66 .3
&0 2 2.15 1.76 2.3 03 153 024 39 5.7

40 2.3 2,11 1AM 2.% N ) 21 on 9 2.9

-2 9 2.0 2.85 2.4 )09 63 A3 018 & $0.0
60 2.73 2,69 2,98 1.0 .8 Jd44 04 % 5.4

40 2.78 2,75 2,19 J.00 90 .28) . 009 10 14,3

-N 80 3.% 3.5 28 3.8 33 A8 034 2 N.4
6 3.27 3.23 2,97 33 33 210 074 ) n.4

40 - NC NC NC NC NC NC 0 0.0

v-f 80 .79 e 3.5 4.0 .59 JA74 .038 a1 30.0
60 3.5 3.%9 328 )83 -1 202 .050 12 7a

4 -~ NC NC NC NC NC NC 0 0.0

V-N 8 4.14 4.14 3.67 4.5 .90 A2 N3 67 9.7
60 4.05 4.2 3.55 4.6 1.09 <203 N ) “ 62.9

Q@ 380 A7 4 430 % 29 088 15.7

V"P w ‘-,7 4.“ ‘.53 5.‘7 o" -233 am “ “.6
&0 4.94 4.8 4,41 5.06 1.45 328 083 27 8.4

40 5.04 NC NC NC NC NC NC 4 5.7

vi-N 80 5.67 5,68 5.08 6.17 .09 27 L0534 3 .4
60 5.7 $.724 519 6.10 R 279 . 064 19 2

40 3.52 5.5 535 35.%9 2 102 .46 L] 7.

vi-p 80 6.40 6.52 53 6.9 1.68 413 081 43 643
&0 6.5 6.62 5.59 7.13 1.5 412 084 24 3.

40 6.34 NC NC NC NC NC NC 4 5.7

NC =« Net Colevloted, N- 8
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Exzle lpdlateral Half-Perlod Statistics for tha Individual Bralnstem Wave Components 03 @

Table A 111

Funciion of Stimulus Level

HALF-PERIOD SIATISHCS FOR IPSILAIRAL RECQIDINGS (Miliisocondh)

WAVZ d8-5L  MEAN MEDIANMIN  MAX RANGE SID-DEV  STD-ERR N-Numeric N-Percen?
b 0 64 6 L3 105 70 130 016 6 4.3
60 .33 59 27 74 A7 130 023 N .\
40 34 38 35 68 AN 02 046 é 8.6
i 0 A2 9 W9 63 Q 095 013 L] 72,9
40 43 % Y X BN ) 43 A1 020 n 45.7
40 < NC NC NC NC NC NC 4 3.7
i 80 .39 S Qa2 39 .04 010 L) 94.3
60 .38 S7 39 a2 A 101 018 48 60.6
40 .39 -1 2 | B 4 359 158 038 20 28.6
v &0 24 23 .16 35 .20 052 on ) 30.0
60 .20 27 8 70 33 49 043 11 15.7
49 29 NC NC NC NC NC 2 2.9
v 80 .87 82 9 1.3 94 208 .029 30 .4
60 94 H0 .42 .68 1.08 233 038 B 54.3
40 .13 117 66 V48 a2 217 .042 7 8.4
vl 8 .04 62 19 1,21 1.0 29 038 28 4.0
60 .86 H4 23 1.4 147 10 077 V4 243
40 .81 NC NC NC NC NC NC 3 4.29

NC = Not Calculeted, N < 3
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Table A IV

Components as o Function of Simokus Lovel

Besic ipsilateral Peck-to—Pedk Ampltude Sidtigics for the Individua! Sroimtem Wave

.
—

PEAK-TO-PEAK AMPLITUDRE STATISTICS FOR IPSILATERAL RECORDINGS (Nonovolts,

STD-ERR N-MNumeric N-Percent

WAVE JdB-SL MEAN MEDIAN MIN MAX RANGE STD-DEV
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APPENDIX 8

Statigical summary of contralateral response measurements for sach of the Individue!
bralnstem evoked rasponse wave components. The dota are based upon 4000-sample
time-averaged responssc of 70 ears to 40, 40, end 80 dB SL acoustic click simull

preiented ot a 21 Hx repetition rote.

8l. Lotency Measureme.its

BUl. Transmission Time Mecsurements

B lil. Half~Perlod Measwurements

B IV. Pegk-to-Peck Amplitude Mecsurements
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of Stimulus Level

8s:!c Contraloteral Latency Statistles for the individual Bralnstem Wave Components os a Function

LATENCY STATISTICS FOR CONTR/ 'ATERAL RECORDINGS (Milliseconds)

N-Percent
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Toble 8 1

Saulc Controleteral Tranamitsion Tima Stetistlcs for the Individual Bralnstem Wave

Components as 8 Function of Stimulue Level

TRA NSMISSION TIME STATISTICS FOR CONTRALATERAL RECORDINGS (Miilseconds)

WAVE C-SL
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Table 8 Wit

3ailc Contralateral Holt~Perlod Statistics for the Indlviduo! Brainstem Weves
o @ Function of Stimukn Level

HALF-PERIOD STATISTICS FOR CONTRALATERAL RECORDINGS (Milliseconds)

WAVE dB-SL MEAN MEDIAN MIN  MAX RANGE STD-DEV STD-(RK

N=Numerfc N--Percont
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Tble 8 IV

ezl Controletanl Poak-to-Pesk Amplitude Stetistics for the Individuma! Bralnitem
Wevs Compononts &1 0 Functlon of Stimulvs Level

PEAK-TO-PEAX AMPLITUOE STATISTICS FOR CONTRALATERAL REC ORDING S {Nonovolt)
WAVE B8-S0 MEAN  MEDIAN MIN  MAX  RANGE STD-DEV STD-ERR N-Numeric N-Percent

! 20 13 1Q » 197 17 n.. 2.1 13 18.¢
&0 2] NC NC  NC NC NC NC \ V.4
40 ] NU NC NC NC NC NC 4 5.7
i 80 59 63 10 1o 100 8.8 5.8 a5 35.7
80 4 43 14 76 éd 16.0 4.4 3 18.6
40 n NC NC  NC NC NC NC 1 1.4
m 80 182 163 2 36 7.0 14.4 L4 é7.1
60 117 14 37 289 22 4.9 8.4 4 48.6
40 74 7 45 ¥3 <3 19.2 7.9 6 8.6
Y &0 47 kv g 6 129 123 .7 5. 3% 31.4
&0 30 19 3 \ 4 2] 24.3 5.2 2 3.4
40 7. 7! 3 41 X 12.5 4.2 9 12,9
14 80 337 M9 71 30 509 109.9 12.0 Q 60.0
4G 33 NS 100 49 376 9.3 15.4 ¥ 33.7
40 m %3 147 %25 378 103.5 19.6 28 40.0
vl 80 185 177 b LI Nk 599 139.7 .9 7 24.3
&0 179 n 29 M4 N4 80.3 2.1 16 2.9
40 145 NC NC  NC NC NC NC 4 S.7

NC = Nzt Colaslated, N< §
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APPENDIX C

I rocorrelotions between the Individual brolnstem evokad response wave components
f; differan? lpslicteral response mecwroments. The dato ore bosed upon 4000-tomple
1 o=averaged reeponses of 70 ears to 80 dB SL acoustlc olick #imull presented of o

2] Hx repetition rote.

Cli. Loency vs. Latency

Cll. Tronamlsion Time va. Tranemission Time

C {ll. Half-Perlod v3, Half-Period

C V. Pock-to~Peck Amplitude vs. Pesk~to~Peck Amplitude
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APPENDIX D

Idercorrziations between differsrd ipellaterel resporee mesnwenents for esoch of the
Individial trolneton evciad response wave companents. The dete are besed upon
4000-stz ' Hime~crvereged resporaes of 70 ears to 80 dB SL ecoustic click diawll

presented =t a 21-Hzx repetiticn rete.

Di.

Du.
D 1.
Div.
ov.
Dve.

Latency vi. Tranemislon Time

Latancy vs. HalflPerlod

Latency vi. Peck-to~Peak Amplitude
Tranamlsslon Time vs, Holf-Perlod
Tranmnlsnion Tiess vs. Pesk-to-Pesk Aoniltude
Holf~Period vs. Peak-to~-Peak Amplitude
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Irtercarreletions berwesn | psi lateral Latency and puibarered Vomrwadmian Tise of bl v iivd Bwicadan Wave Campansnts
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LATERCY OF INDIVIDUSL WAVEFCEMS - BSILATERAL DATA
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) = Nomber of dota poins wed to colcuicte
't Significent beyond the .01 level
** *Signifkcant beyond the .00t lcvel
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Teble O H

intercorveiations betwaen nilererel Letency end ipsitoreral HeN -Palod of Individus! Drulnstem Weve Camponents
LATENCY OF INDIVIDUAL WAVEF ORMS - IPSILATERAL DATA H

HALF-PERIOD OF

A
s
2
i
>

-r o-N u-r fi-N tt-p v-N tv-p VeN VP
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INDIVIDUAL WAVEFORMS
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) = Pecraon preduct-moment coefBBcient of coveletton

() = Nusber of dsts pains weed Yo colculete )
= Significant beyend the .00 level
*** Significent beyond the .00 level
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Toble D 111

Intercorrelations betwean Ipsiloteral Lotency and tpslloterol Peckto-Peck Amplitude of individual Broinstem Wove Companenty

LATENCY OF INDIVIDUAL WAVEFOEMS - IPSILATERAL DATA

v-p VN Vi-?

VeN

-p N P =N ne-# N-N
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PEAK-TO-PEAK
\WWAVEFORM
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¥) = Pearyon product-momed coefficient of carrelction

(n) = Nenber of doto polrs used to calcuk te §)
** Significont beyo~d the .01 level
*** Significart beyond the .001 level
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Toble O IV

Intercorrelations between kpsilateral Troreminion Time ond ipsiloters! Half -reriod of Individva! Brirstem Wove Componenty
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(r) = Number of doto poirs vsed 1o coloulote
** Significant beyond the .01 level

(r)= Pearson product-soment coefficient of correlation

"4 Signi Rcont beyond the 001 leve!
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Table O V

ltercomelations betmeen tniloteral Tronsmision Tiae ond Ipsilotercl Pedk ~to Peck Amplinde of Individuol Brainstem Woves

TRANSMISSION TIME OF INDIVIDUAL WAVEFORMS - IPSRATERAL DATA

PEAK-TO-PEAK
WAVEFORM
AMPLITUDE
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(44
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{r) = Peorson product-moment coeflicient of carrelation

) = Number of dode poins seed to calkesicte €)
** Significen? beyond the .01 level
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APPENDIX E

Intrccorrelations between the left ecr and right ear Individuol breinstem evoked
response wove components for dlfferent Ipstloteral response mecaurements. The deda
ore bazed upon 4000~sompls time—~averaged respontes of 35 palrs of ears to 80 dB SL
cccu2le click tlmull presented of a 21 Hz repetition rate.

E{. La® Eor Latency vs. Right Ear Latency

EN. Leoft Eor Trensminlon Time vs. Right Eor Transmission Time
EHNi. Left Eor Half~Pericd vs. Right Eaor Half~Perlod

EIV. Lef Ear P~P Amplitude vs. Right Ear P-P Amplitude




Teble E }

Lotency Intracorrelations barween the Lefr Lar orid Right Eor Individuad Broistes Wove Componends
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NC = Not Colcvlated, n< 5
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** Significant beycnd the .01 level

*** Significant beyond the .00T level




Toble E U]
Trerami ssion Time Intrecorrelotions betwean the Left Eor and Ripht For Individua! Brointtem Wowve Comprwands
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TRANSMISSION TIME OF INDIVIOUAL WAVEFORMS
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APPEMNDIX F

traccrrelations betwesn the lpsliateral ear an