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CHAPTER I
REVIEW OF LITERATURE

Introduction
The current method commonly used to screen and assess an infant's
hearing is conventional auditory brainstem response testing. To decrease the
amount of time required for this testing, a chained-stimuli auditory brainstem
response screening protocol is proposed to increase the efficacy of these
hearing screenings. The effects of the parameters used during this procedure,
specifically those caused by the pychoacoustic phenomenon of nonsimultaneous
masking, are observed and evaluated to determine their effects on the test
results. The results obtained using the chained-stimuli screening protocol are
compared to those obtained using a conventional ABA procedure to determine
their accuracy and efficacy. The information obtained on adults could then be
applied to the infant population to be used for a more time efficient method of
screening infants' hearing.

Infant Auditory Screenings
Importance of Identifying Hearing Loss in Infants
There has been an increasing focus on the importance of the early
identification of children who are at risk for hearing loss. This realization is due
to the effects a hearing loss can have on a child's development. Through early
identification of a child's hearing loss, intervention programs can be implemented
to aid in the child's speech, language, social, emotional and academic
development (Northern & Downs, 1991 ). The early implementation of effective
habilatative treatment programs can help reduce the chance of a delay in these
areas since most of these skills are learned through hearing. The advantages of
early intervention have led to the development of neonatal hearing loss
identification programs.
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In 1990 the Joint Committee on Infant Hearing developed a protocol which
outlines the requirements for the identification of hearing loss in neonates.
Through the formation of a high-risk registry, which identifies those children who
are at higher risk of having hearing loss, a recommended audiological
assessment program was developed including screening, evaluation, and followup criteria.

High Risk Registry
Over the past several years, there has been an increase in the number
of children surviving in intensive care units due to developments in health care
and technology. The number of infants who are in intensive care units at
hospitals, due to various complications, has therefore also increased. The
complications that these infants encounter may result in the increased probability
of having developed a hearing loss (Joint Committee on Infant Hearing, 1991 ).
Due to this increase in the probability of hearing loss, a list of conditions has
been formulated to identify those children who are at a higher risk of having
hearing loss. This list includes children who have experienced a congenital
perinatal infection, malformations of the head or neck, birthweight less than 1500
gm, hyperbilirubinemia, bacterial meningitis, or asphyxia (Joint Committee, 1982;
1991 ). If a child has any of these complications, or has a family history of
hearing loss, an auditory screening should be conducted to determine if the child
has hearing loss. Although it would be preferable for every newborn to be
screened for hearing loss, the use of this high risk registry is a more realistic
solution for early identification (Downs, 1986).

ABA Testing of Infants
According to the guidelines created for the audiologic screening of newborn infants at risk for hearing loss, auditory brainstem response (ABA) testing
should be used as the initial screening procedure (ASHA, 1989). This objective
testing method measures the electrical response of the cochlea and lower and
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middle brainstem to an auditory stimulus. The response is then analyzed by
observing the ABA waveform which should possess certain characteristics
considered to be within normal limits. Parameters which are observed and
measured are amplitude and latency of the waves. The wave amplitude,
although not commonly used diagnostically due to intersubject variability (Hecox
& Burkhard, 1982), is used to compare the relative magnitude of the waves

within a response (Starr & Achor, 1975; Hecox & Cone, 1981) and influences the
morphology of the waveform. The latencies of the waves are determined by
observing the times of the wave peaks relative to the presentation of the
stimulus. The combination of latency and amplitude is therefore used to evaluate
the status of the infant's hearing.

If the infant does not pass the screening test,

a follow-up audiological evaluation should then be recommended to determine
the child's hearing sensitivity and habilitative needs.
Using auditory brainstem response (ABA) testing to determine the
presence of a hearing loss in infants has been considered an accurate and
effective method of identification (Smith & Simmons, 1982; Galombos, Hicks, &
Wilson, 1984). Another method of identification includes behavioral testing.
Behavioral testing involves the observation of the child's physical response to
auditory stimuli. These responses can include head turns, eye blinks, or
changes in facial expression. The use of behavioral testing for newborn infants,
however, has shown high false-positive and false-negative results (Joint
Committee, 1991 ). Although some false-positive results are also seen during
ABA testing, results are more accurate and ABA testing procedures are more
efficient than those of behavioral testing for this population. In a shorter amount
of time, as compared to behavioral testing, more information can be obtained
about the child's hearing sensitivity. A more accurate evaluation of their hearing
can therefore be obtained. Since more conclusive results are obtained using
ABA, the efficacy of this testing method is further increased (Jacobson &
Moorhouse, 1984). As this testing method does not require the participation of
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the individual, ABA testing offers a way to test individuals, such as small children
or infants, who are not able to consistently respond during behavioral testing
(Stein & Krause, 1988).

Infant ABA Aesu Its
When ABA testing is conducted on infants, the results obtained may
differ from those obtained with adults. These differences include increased
latency and decreased amplitude of all the waves except wave I which has larger
amplitudes than those of adults (Salamy & McKean, 1976). As the child matures
over the first 18 months, the ABR results gradually become more like those of
adults as the latency of the waves shorten and amplitude increases (Hall, 1992;
Salamy & McKean, 1976; Galambos et al., 1984). Wave I, however, has been
found to reach adult latency by three months of age (Salamy & McKean, 1976).
As the neural maturation of the the infant develops in a "caudorostral direction
within the central nervous system" (Hall, 1992, p. 70), these changes are seen
first within the peripheral components of the waveform, or the first wave. Later
development is then found to occur within the central portion, as seen in wave V
of the ABA waveform (Hall, 1992; Hecox & Galambos, 1974; Salamy & McKean,
1976).

Stimulus Parameters
When changes in intensity and repetition rate are made in the testing
procedure, the effects are seen in both adult and infant ABA waveforms. Due to
maturational differences, greater effects are observed in infants when changes in
stimulus parameters are made (Hecox & Galambos, 1974; Klein, Alvarez, &
Cowburn, 1992). With a decrease in intensity, a greater increase in the latency
of the waves is observed in infants than with adults (Hecox & Galambos, 1974).
Another difference between infants and adults is the greater increase in latency
of the waves when the repetition rate is increased (Durieux-Smith, Edwards,
Picton, & MacMurray, 1985). Klein et al. (1992) described the effects of
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increased repetition rates on infants' thresholds as they affect the detectability of
wave V. Using various repetition rates, the effects of both changes in repetition
rate and maturational development to the waveforms were observed. As the
repetition rate was increased from 40 to 90 clicks per second, a significant
change in latency and amplitude of Wave V was seen. A decrease in the
amount of detectable wave Vs at the faster repetition rate thus resulted in the
appearance of elevated ABA thresholds. The methods used within a screening
procedure are therefore determined by considering both the influences of the
parameters used and the maturational development of the auditory system.

Intensity of Stimuli
The presentation level of the stimuli in the ABA screening procedure
should include intensities that provide information which reliably indicates the
hearing ability of the infant and is not affected by the maturational differences.
To avoid numerous false-positives due to the auditory system's incomplete
development, the intensity of the stimulus would need to be loud enough to
reduce the influence of these differences, yet still provide an indication of the
infant's hearing sensitivity. The Joint Committee on Infant Hearing (1991)
recommended the pass criteria include a response from each ear at a 40 dB nHL
intensity level.
For neurologic diagnosis, the intensity of the stimulus must be high
enough to be able to create distinct waves I, Ill, and V in normal infants (Hall,
1992). Hall (1992) further suggests that intensities 80 dB nHL or greater result in
poorly formed waveforms in infants and increased interwave latencies. Using a
level of 70 dB nHL is recommended to meet these criteria within the hearing
screening protocol. The intensities of the stimuli in a screening procedure should
therefore include presentations at 40 dB nHL and 70 dB nHL to meet these
criteria for both determining hearing sensitivity and for neurologic diagnosis.
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Stimulus Type
The stimulus used for ABR hearing screenings should be of sufficiently
short duration and a short rise time to produce the maximum possible
simultaneous firing of the neurons in the cochlea. Since the effects of the rise/fall
time of the stimulus can affect the amplitudes and latencies of the waveform due
to the amount of firing neurons, a click is used, as it meets these criteria
(Committee on Audiologic Evaluation, 1987). Due to the need to assess the
child's hearing sensitivity in the frequency region associated with speech
recognition, a click is commonly used as it contains broad-band energy including
energy in this frequency range (Joint Committee, 1991 ). Coats and Martin
(1977) found that ABR thresholds obtained using a click stimulus are similar to
behavioral thresholds obtained at 1000 to 4000 Hz.

Repetition Rate
The repetition rate also greatly influences the resulting waveforms of
infant ABRs. By increasing the number of clicks per second, the latency
increases and the amplitude decreases. Although these changes are also found
in adult waveforms, the extent of shift is greater as the age of the infant
decreases, with the largest changes seen on infants who are less than 42 weeks
of age (Klein et al., 1992). For this reason a slower repetition rate of 37.1
clicks/sec was suggested to reduce the effects of the faster rates on the ABR
(Hall, 1992). Although some waveforms may still be distinguishable when faster
repetition rates are used, if the infant is older than 42 weeks (Klein et al., 1992),
it is important to recognize the effects which occur as a result of the fast
repetition rates, as they may reduce the ability to accurately identify the
waveforms. This should be considered when determining the stimulus
parameters, since the combination of repetition rate, decreased intensity levels,
and age effects can result in poorer morphology of the ABR and decreased
sensitivity.
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In order to account for the above differences between adult and infant
ABR waveforms due to maturational development, the formulation of a
screening protocol should take into consideration these differences by using
normative data specific to the population being tested. These data should also
include the specific parameters used, as the effects of different methods used
are seen within the ABR results.

Chained-stimuli ABR Testing
The Chained-stimuli Model
Chained-stimuli ABR is a technique used to obtain information about an
individual's auditory function in an efficient, reliable, and timely manner (Hamill,
Palmer, & Sammeth, 1991 ). In conventional ABR testing, an epoch of 10 to 12
ms is commonly used allowing a single waveform to be observed which has
been averaged from repeated stimulus presentations. The chained-stimuli
technique, however, is accomplished by increasing the amount of time that the
computer samples the responses. When the epoch is increased and when
several clicks are presented during this time, successive responses to each click
in the "chain" of stimuli can be obtained and viewed. This technique, which
Spoor, Eggermont, Odenthal and Schmidt (1974) originally proposed, decreases
the amount of time required for a hearing assessment. Hamill et al. (1991) used
this technique to determine hearing thresholds in ABR testing. Their chain of
stimuli contained a quiet interval followed by successive clicks at varying
intensities. The evoked response to this chain contains the equivalent of a
control run, followed by several individual ABRs. These individual portions of the
chain-stimuli can then be examined separately by segmenting, or isolating, a
portion of the trace and displaying only the desired segment. Chained-stimuli
testing was found to be an accurate and time efficient estimation of auditory
functioning, as results can be obtained in a shorter period of time and are
equivalent to conventional ABR testing in both normal and hearing impaired adult
populations (Hamill et al., 1991 ; Hamill, Yanez, Collier, & Lionbarger, 1992).
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The intensities implemented by Hamill et al. (1992) included clicks
ranging from 10 to 70 dB nHL with each successive click increasing 10 dB. One
chain would therefore include clicks at 10, 20, 30, 40, 50, 60, and 70 dB nHL.
Beginning with a control period using the -10 dB nHL click, the computer
averager recorded responses over a 96 ms period. The time interval used
between these presentations was 12 ms between the successive clicks. The
repetition rate might therefore be assumed to be 83 clicks per second. It was
found, however, when compared to conventional ABR results, the chain-stimuli
waveforms, at the intensity levels 30 and 50 dB nHL, resemble those obtained in
conventional ABR procedures using a 79.9 click per second repetition rate. At
70 dB nHL levels, the chained-stimuli results are similar in latency and amplitude
to those of conventional ABR using a 70 click per second repetition rate (Hamill

& Steele, in press).
An advantage to using a chained-stimuli procedure is the inclusion of a
control run within the chain of stimuli. This offers representative data of the
patient's state throughout the testing procedure as it is obtained simultaneously
with the other responses.
As mentioned previously, when the clicks are presented at different
intensities within a single chain, less administration time is required for threshold
testing (Hamill et al., 1991 ). The chained-stimuli procedure obtains the
responses at all the intensities without requiring the examiner to stop in the
middle of testing to examine the traces individually to determine if a lower
intensity presentation level should be performed.

Chained-stimuli Screening Procedure
It is hypothesized that by using an ABR chained-stimuli procedure as a
screening protocol, the benefits offered by using conventional ABR screening
and those obtained using chained-stimuli would be present. By obtaining results
from both high and low intensity stimuli, as well as a control run, all within one
computer sampling epoch, a screening procedure could provide the information
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needed in a more time efficient manner. The intensity levels used would include
a presentation of a -10 dB nHL click used as a control run, followed by a 40 dB
click. After this presentation, a 70 dB nHL click will be used accomplishing the
conventional ABA screening criteria. The length of the epoch would be
determined by the choice of the time between the individual click presentations.
The interclick interval and the repetition rate of the chain itself are influenced by
factors related to the effects of forward and backward masking, as discussed
below.

Forward and Backward Masking
Nonsimultaneous masking occurs when the presentation of brief signals,
which are separated by a short period of time, causes one signal to make
another signal seem less intense. This masking effect then results in an
increase in the threshold of that signal, which is often called the "probe" signal
(Elliott, 1971 ). The relative temporal relationship of the masker to the probe
categorizes nonsimultaneous masking into two areas. When the masker
precedes the probe and results in decreasing the sensitivity for the probe, the
phenomenon is called "forward masking." "Backward masking," which has also
been referred to as a "poststimulatory threshold shift," occurs when the masker
follows the probe stimulus and decreases the sensitivity of the probe (Zwislocki,
Pirodda, & Rubin, 1959).

Parameter Effects
The amount of backward or forward masking that occurs depends upon
several parameters: the duration of the stimuli, their frequency, the intensity of
the stimuli, and the duration of the interstimulus interval. Elliott (1962) reported
more masking occurs when the probe signal is shorter in duration than the
masker. In a condition where the frequency of the probe is higher than the
frequency of the masking signal, more masking occurs. In forward masking
studies, it was also found that a lower frequency masker created more masking
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than a higher frequency masker (Patterson, 1971 ). Elliott (1962) also reported
that more forward and backward masking occurred when the masking noise was
more intense. The influence of intensity on the amount of masking which occurs
is dependent on whether the probe stimulus is near or above threshold with more
masking occurring at higher sensation levels. Elliott further reports "the nearer in
time to the masker that the signal occurs, the more its threshold is elevated"
(1971, p. 66).

lnterstimulus Interval and Nonsimultaneous Masking
The length of time between stimuli is considered a major influence in the
amount of nonsimultaneous masking (Zwiloski et al., 1959). Elliott (1971)
reported that, although the amount of masking which occurs is dependent on all
conditions present, most backward and forward masking occurs within
approximately 100 ms before or after the masker is presented, with a decrease in
the amount of masking as the time interval increases. Elliot (1971) further
reported that at the shorter time intervals, more backward than forward masking
occurs. At the longer time intervals, however, more forward than backward
masking effects can be observed. In backward masking studies, the effects of
successive stimuli were seen up to 90 ms with the most masking effects
terminating at 20 ms (Elliott, 1962; Rosenzweig & Rosenblith, 1950). Forward
masking studies show larger masking effects than backward masking effects at
time intervals up to 200 ms with the largest changes seen up to 50 ms (Durrant &
Lovrinic, 1984; Elliott, 1962).

ABR Repetition Rates and Nonsimultaneous Masking
Effects on ABR Waveform
When auditory brainstem response measurements are obtained, the
effects of nonsimultaneous masking are seen in the waveform latency and
morphology. Due to successive presentations of the stimuli within a short
period of time, forward and backward masking of the stimuli occur. After a
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stimulus is presented and the neurons fire, a recovery time is required. If this
time is not long enough, changes to the waveform may result (Don, Allen, &
Starr, 1977). These changes to the ABR waveforms include increased
latency and decreased amplitude (Hall, 1985). It should also be noted that,
as the intensity of the stimulus nears an individual's threshold, a decrease in
amplitude and an increase in latency are present.

lnterstimulus Interval and ABR
Changes in the amplitude and latency of the ABA are also seen when the
amount of time between presentations of the stimuli, or the interstimulus interval
(lSI), decreases. In conventional ABA testing, the repetition rate of the click
stimulus determines this interstimulus interval because, as the repetition rate
increases, the lSI decreases. Don, Allen, and Starr (1977) conducted a study
which demonstrates the increase in wave peak latency which occurs as a result
of decreasing the lSI. ABA waveforms were obtained with click presentation
rates of 10, 30, 50, and 100 clicks per second giving interstimulus intervals of
100, 33, 20, and 10 ms, respectively. Significant latency shifts and alterations to

the waveform were found when repetition rates are increased. When the click
repetition rate changed from 10 clicks per second to 100 clicks per second, a 0.9
ms latency shift in wave V was found. This shift in latency is comparable to an
intensity shift of 20 dB nHL (Don et al., 1977). Harkins, McEvoy, and Scott
( 1979) reported that significant shifts in peak latencies for waves I, II, Ill, and V

are present when the lSI was decreased from 100 ms to 10 ms with the
interpeak intervals also being affected by changes in repetition rate. Harkins et
al. (1979) further reported increased 1-V interpeak intervals were observed when
the lSI was decreased. Significant shifts in the I-III and the II I-V interval,
however, were not observed, which Harkins et al. suggest is due to the fact that
different areas of the auditory system (central versus peripheral) are affected
differently when the ISis are decreased.
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In a pilot study, the temporal development of latency shift was investigated
using methodology similar to that of Don et al. (1977). A chain of seven 70 dB
nHL clicks with an lSI of 12 ms was presented to one ear of six normal hearing
subjects every 230 ms, allowing 134 ms between the last click in the chain and
the presentation of the first click in the chain (which was presented 12 ms after
the initiation of the chain, allowing for a 12 ms control period to be observed at
the beginning of the chain). Additionally, a chain with 20 ms lSI, with a 70 ms
interval between the last click in the chain and the first click of the subsequent
chain, was used as a test stimulus. This chain also allowed 134 ms between the
last click in the chain and the first click in the subsequent chain. The same 6
subjects' ABRs were obtained for each chain. During the 12 ms lSI chain, a
gradual increase in the wave V peak latency is present with each progressive
click. The auditory response was changed due to the effects of the previous click
as it did not allow enough recovery time before the next click was presented.
When the lSI is increased to 20 ms, significant wave V latency shifts between the
first and seventh click were also found. Therefore, both the 12 and the 20 ms
ISis do not allow the system enough time to recover from the effects of previous
clicks.
Don et al. (1977) also observed these shifts in latency as a function of
click placement within a chain. A progressive increase in latency was seen
within the chain of clicks. The changes in latency ended at approximately the
fourth or fifth click. This leveling off of latency increase, however, was not
observed within the pilot study, as a continuous increase was seen throughout
the seven clicks of the chain. It was then concluded that when using a 10 or a 20
ms interstimulus interval, these ISis do not provide the auditory system enough
time to completely recover from the previous click. This process is also seen in
ABA temporal masking studies in which a masker causes the waveform
response to increase in latency when the masker preceded the click by only a
short period of time (Lasky, 1991 ). Lasky discusses the similarities between
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these results which suggest a correlation between nonsimultaneous masking and
latency shifts due to decreased ISis.

Intensity and lSI Interactions
When nonsimultaneous masking occurs, one factor which affects the
amount of masking which is present is the intensity of the masker in contrast to
the intensity of the probe stimulus. When successive stimuli differ in intensity,
more masking occurs; however, when the stimuli's intensities are the same, the
amount of masking becomes influenced by the other factors. Although ABA
waveforms show an increase in latency with an increase in repetition rate, the
results are independent of intensity. In conventional ABA studies that compared
latency changes as a function of lSI using high, moderate, and low intensities,
"the shifting degree of latencies and interpeak intervals with increasing click rate
appeared to be independent of the stimulus intensity" (Jiang et al., 1991, p. 63).

Parameter Effects on Chain Stimuli Screening
When there are changes in the intensity of the click stimuli and the click's
intensity moves closer to an individual's threshold, the ABA wave form
decreases in amplitude and increases in latency (Hecox & Galambos, 1974).
The chain stimuli screening protocol uses two different intensity level clicks that
are presented within a short period of time, increasing in intensity as the chain
progresses. When there are both differences in intensity between consecutive
clicks and if small ISis are present, the changes to the waveform may be
magnified due to the effects being combined (Jesteadt, Bacon, & Lehman, 1982).
Greater effects on the waves may, therefore, be seen than if the parameters
were isolated. To reduce these effects, an interstimulus interval should be used
which is large enough to offer accurate ABA results, yet does not make the
screening procedure so slow the testing procedure is no longer time efficient.
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CHAPTER II
METHODS

Subjects
The subjects used in this study were 20 adult volunteers with normal
hearing. The ages of the subjects ranged from 19 to 28 years with a mean age
of 22 years. Pure tone air conduction thresholds were obtained at 250, 500,
1000, 2000, 3000, 4000, and 8000Hz in one ear to document normal hearing.
Normal hearing was defined as thresholds of 15 dB HL or better in that ear.

Instrumentation and Procedures
The ABRs were recorded using the Audio-Logic Tech-Sys Software
Evoked Potential System (Barron & Hamill, 1991 ). For both conventional and
chain-stimuli runs, 100 microsecond rarefaction clicks were presented through
TDH-39P earphones. Standard silver disc Nicolet electrodes were attached to
the surface of the scalp on the forehead midline and at each mastoid using an
ipsilateral montage. Electrode impedance was less than 4000 ohms and the
impedance between electrode pairs was balanced to be within 1000 ohms.
Impedance levels were measured both prior to and following the ABA recordings.
The EEG activity was amplified by 100,000 and bandpass filtered between 1003000 Hz using a Grass P511 physiologic preamplifier. Artifact rejection was set
to +1- 9.5 uV. The subjects were instructed to relax with their eyes closed, and
sleep if possible, during the testing session.
Conventional and chained-stimuli procedures were performed during one
test session. The tests were individually timed beginning with the initiation of the
first run to the completion of the replication run. The order of testing was
determined by randomizing the presentation order.
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Conventional ABRs
The stimulus intensity levels used were 40 and 70 dB nHL at a 21.7 and
a 51.7 clicks/sec repetition rate. A control run was obtained at the 51.7 click/sec
repetition rate. A control run was not obtained at the 21.7 repetition rate in order
to reduce data collection time. Two runs were acquired for each intensity. Each
run averaged 2000 sweeps. The sweep epoch employed was 12 ms.

Chained-Stimuli ABRs
The chained-stimuli used in this experiment contained a control segment
and two clicks with intensity levels of 40 and 70 dB nHL. To determine the
effects of backward and forward masking, seven chains were constructed which
differed in the interstimulus interval between the 40 and 70 dB nHL click and
which had different chain repetition rates (rep. rates). The chains employed
included presentations of a 12 ms control run, the 40 dB nHL click followed by
various time intervals, the 70 dB nHL click followed by a 12 ms interval, and
various time intervals between stimulus chains.
To evaluate effects to the wave V's elicited by the 40 and 70 dB nHL
click, the time interval between the 40 and the 70 dB nHL clicks was
manipulated. The amount of time following the 70 dB nHL click and before the
presentation of the next 40 dB nHL click was kept constant at 72 ms.

These chains included:

rep. rates

(A) 12 ms -40 dB click -12 ms -70 dB click -12 ms- 48 ms 11.9 ch/sec
(B) 12 ms -40 dB click -20 ms -70 dB click -12 ms- 48 ms 10.8 ch/sec
(C) 12 ms -40 dB click -48 ms -70 dB click -12 ms- 48 ms

8.3 ch/sec

Further evaluations were made when the time interval between the 70
dB nHL click of one chain and the 40 dB nHL click in the following chain was
manipulated. The interval between the 40 and the 70 dB nHL clicks within the
same chain was kept constant at 20 ms.
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These chains included:

rep. rates

(D) 12 ms -40 dB click -20 ms -70 dB click -12 ms- 0 ms

22.7 ch/sec

(E) 12 ms -40 dB click -20 ms -70 dB click -12 ms -26 ms 14.3 ch/sec
(B) 12 ms -40 dB click -20 ms -70 dB click -12 ms -48 ms 10.8 ch/sec

Evaluations were also made by manipulating the time interval between
the 70 and 40 dB nHL clicks when the interval between the 40 and 70 dB nHL
clicks were kept constant at 12 ms.
These chains included:

rep. rates

(F) 12 ms -40 dB click -12 ms -70 dB click -12 ms- 0 ms 27.7 ch/sec
(G) 12 ms -40 dB click -12 ms -70 dB click -12 ms -26 ms 16.1 ch/sec
(A) 12 ms -40 dB click -12 ms -70 dB click -12 ms -48 ms 11.9 ch/sec

When the inter-chain interval was 26 ms, the following chains were
evaluated as changes were made in the interval between the 40 and the 70 dB
nHL clicks:

rep. rates

(G) 12 ms -40 dB click -12 ms -70 dB click -12 ms -26 ms 16.1 ch/sec
(E) 12 ms -40 dB click -26 ms -70 dB click -12 ms -26 ms 14.3 ch/sec

Each chained stimulus run averaged 2000 sweeps and the responses
were replicated. By looking at only a segment of the waveform response, the
recordings of the individual ABA tracings were then examined separately.

Waveform Judging
The ABA waveforms were evaluated by three audiologists who had
experience assessing ABA waveforms. Wave V latencies were marked on a
printout of the waveform by each of the judges. The judges were blind to the
subject, the intensity of the clicks, the interstimulus interval used, and whether
conventional or the chained-stimuli procedure was used. These peaks were then
measured by the experimenter using the Audio-Logic Tech-Sys Software Evoked
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Potential System. The mean wave V latency was calculated for each waveform.
If the three judges all selected the same wave as V, the average of the latencies
was considered the wave peak. If one judge did not believe a wave V was
present, of selected a different wave as V, the average was of the latencies
selected b the two judges who agreed upon the wave peak. A wave peak
average was not obtained if only one judge selected a wave V. The amplitude of
the IVN complex was also analyzed by measuring the amplitude between the
wave peak and the most negative deflection within 2 ms of the wave peak.
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CHAPTER Ill
RESULTS

To observe the effects of backward masking, forward masking, and the
combination of both backward and forward masking, the mean wave V latencies
resulting from the various chains were analyzed. The differences between mean
latencies were considered statistically significant if the repeated measures t-test
t value had a probability of~ .01.
Effects of Repetition Rate on Wave V Elicited by
the 70 dB nHL Clicks
Effects of Changes in the Interval
Between the 40-70 dB nHL Clicks
Latency
The differences between the latencies of the 70 dB nHL clicks obtained
from chains A, B, and C (where the time interval between the 40 and the 70 dB
nHL clicks was manipulated) are displayed in Table 3.1. This may reveal the
effect of the time between the 40 dB click and the 70 dB click (12 ms for chain A,
20 ms for chain B, 48 ms for chain C), on the wave resulting from the 70 dB click;
however, it may also be the result of the concomitant slowing of the chain
repetition rate (11.9 chain/sec for A, 10.8 chain/sec forB, 8.3 chain/sec for C).
Although a statistically significant difference is seen between chain A and
chain C, which has a longer inter-chain interval than A, chain C has a longer
latency. As shown, the wave V latency for A and B approximate that for the 21.7
conventional wave V latency, while chain C had a significantly longer latency
than the 21.7 click/sec conventional method. All chains had significantly shorter
wave V latencies than the 51.7 click/sec conventional method.

18

Table 3.1. Mean wave V latencies of the 70 dB nHL click in chains having
various 40-70 dB interclick intervals and using conventional ABA
methods at 2 repetition rates

Chain A

Chain B

Chain C

21.7 cklsec

51.7 ck/sec

X

t = -.48
df = 18
p =.648

t = -3.05
df = 19
p = .007

t=-.10
df = 19
p = .918

t = -6.20
df = 19
p = .001

X

t = -2.63
df = 18
p = .017

t = .04
df =18
p = .971

t = -6.75
df = 18
p = .001

Chain A
X= 5.44
sd = .16
Chain B
X= 5.44
sd = .14
Chain C
X= 5.53
sd=.17

X

21.7 cklsec
X= 5.44
sd=.16
51.7 cklsec
X= 5.63
sd = .15

t = 3 .24
df = 19
p = .004

t = -2.98
df = 19
p = .001

X

t = -9.22
df = 19
p = .001

X

Amplitude
The wave V peak to peak amplitude of the wave IVN complex was
measured for the various chain procedures and the conventional methods.
Repeated measures t-tests were conducted to determine if statistically significant
differences (p < .01) exist. Table 3.2 displays the 70 dB nHL click mean
amplitude differences between chains A, B, and C and the conventional
methods.
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Table 3.2. Mean wave V amplitudes of the 70 dB nHL click in various chain
and conventional ABA methods

Chain A
Chain A
X= .30
sd = .10

X

Chain B
X= .32
sd = .08

Chain B

Chain C

21.7 cklsec

51.7 ck/sec

t =-1.45

t = -2.15

df = 18
p=.164

df = 19
p = .045

t = -3.34
df = 19
p = .003

t = -1.27
df = 19
p = .219

t =-1.63
df =18
p = .120

t = .08
df = 18
p = .935

t = 3.24

t = -1.09

df = 19
p = .004

df = 19
p = .291

t = -1.01
X

df = 18
p = .328

Chain C
X= .33
sd = .08

X

21.7 cklsec
X= .34
sd = .10

t = .96
X

51.7 cklsec
X= .32
sd = .08

df = 19
p = .348

X

As shown, the mean amplitudes are similar across all conditions; however,
the 21.7 click/sec conventional ABA resulted in statistically significantly larger
wave Vs than chains A and C.

Number of subjects
The number of subjects judged to have a wave V varied between the
chains. Chain A and C included 20 subject. Chain B, however, only included 19
subjects, as one subject's wave V was not identified by two of the three judges.
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Effects of the Changes to the Repetition Rate with
a 20 ms Time Interval Between the 40 and 70 dB nHL Clicks
Latency
The effects of the manipulation of the time interval between the 70 dB nHL
click of one run and the 40 dB nHL click of the consecutive run are seen in
chains D, E, and B. By altering the amount of time within the run, changes in
repetition rate are made. The wave V latency of the 70 dB nHL click is observed
in chain D which has a repetition rate of 22.7 chains/sec; chainE has a repetition
rate of 14.3 ms, and chain B has a 10.8 chains/sec repetition rate. Table 3.3
reveals the mean wave V latencies of the 70 dB nHL click for these three chains
and for the conventional methods, and provides the results of the repeated
measures t-test.

Table 3.3. Mean wave V latencies of the 70 dB nHL click with different repetition
rates in chain and conventional ABA methods

Chain D
Chain D
X= 5.53
sd=.17
ChainE
X= 5.49
sd = .15

X

ChainE

Chain 8

21.7 cklsec

51.7 ck/sec

t = 2.52

t = 3.03

df = 19
p =.021

df = 18
p = .007

t = 4.48
df = 19
p = .001

t = -6.00
df = 19
p = .001

t = 2.26
df =19
p = .036

t = -8.53
df = 19
p = .001

t = .04
df = 18
p = .971

t = -6.75
df = 18
p = .001

t = 1.92
X

df = 18
p = .071

Chain 8
X= 5.44
sd = .14

X

t = -9.22

21.7 cklsec
X= 5.44
sd=.16

X

51.7 cklsec
X= 5.63
sd = .15

df = 19
p = .001

X
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An increase in mean wave V latency is observed as the repetition rate is
increased. A statistically significant difference is reached, however, only between
chains D and B. The mean wave V latency for chain D was significantly longer
than the latency in the 21.7 click/sec conventional method and significantly
shorter than that of the conventional, 51.7 click/sec repetition rate. A statistically
significant difference is also shown as the latency of chains E and Bare significantly shorter than the wave V in the 51.7 click/sec conventional method.

Amplitude
Using a repeated measures t-tests to determine statistically significant
differences, the mean wave V amplitude of the wave IVN complex due to
changes in repetition rates was measured for the various chain and conventional
methods. The mean amplitude differences of the 70 dB nHL click for chains B,
D, and E, and the conventional methods are displayed in Table 3.4.
Table 3.4. Mean wave V amplitudes of the 70 dB nHL click at various
repetition rates for chain and conventional ABR methods

Chain D
Chain D
X=.32
sd = .09
ChainE
X= .32
sd = .09

X

ChainE

Chain 8

21.7 cklsec

t = .78
df = 19
p =.447

t =.50
df = 18
p = .625

t = -1.42
df = 19
p = .171

t = .5
df = 19
p = .625

X

t = -.24
df = 18
p = .810

t = -2.18
df =19
p = .042

t = -.35
df = 19
p = .728

X

t=-1.63
df = 18
p = .120

t = .08
df = 18
p= .935

Chain 8
X= .32
sd = .08
21.7 cklsec
X= .34
sd = .10

X

51.7 cklsec
X= .32
sd = .08

51.7 ck/sec

t = .37
df = 19
p = .707

X
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In spite of the manipulation of the interval between the 70 dB click of one
run and the 40 dB nHL click of the following run in chains B, D, and E, the
amplitude of the waves were all similar. Although the wave V amplitude for the
conventional, 21.7 click/sec rate method had a tendency to be larger than for the
chains, there were no statistically significant differences present.
Number of Subjects
The number of wave Vs judged within chains B, D, and E affected the
number of subjects in this analysis. Chain B only included 19 subjects, as one
subject's wave V was not identified by two of the three judges. Chains D and E,
however, employed 20 subjects for this analysis.
Effects of the Changes to the Repetition Rate with a
12 ms Time Interval Between the 40 and 70 dB nHL Clicks
Latency
Further repetition effects can be observed in Table 3.5. The time interval
following the 70 dB nHL click of each run varies in these chains which have a 12
ms interval between the 40 dB nHL and the 70 dB nHL time interval. The chains
within this analysis include F which has a repetition rate of 27.7 chain/sec, G has
a repetition rate of 16.1 chain/sec, and A having a repetition rate of 11.9
chain/sec. Again, repeated measures t-tests were employed to determine any
statistically significant differences between chains F, G, and A and two
conventional methods.
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Table 3.5. Mean wave V latencies of the 70 dB nHL click for chains F, G,
and A and two conventional ABA methods

Chain F
Chain F
X= 5.59
sd = .15

X

Chain G
X= 5.50
sd=.15

Chain G

Chain A

21.7 cklsec

51.7 ck/sec

t = 3.87

t = -6.26
df = 19
p = .001

t = 4.75
df = 19
p = .001

t = -1.67
df = 19
p=.111

t = -2.38
df = 19
p = .028

t = 3.09
df = 19
p = .006

t = -6.47

t = -.10

t = -6.20

df = 19
p = .918

df = 19
p = .001

df = 19
p =.001

X

Chain A
X= 5.44
sd=.15

X

21.7 cklsec
X= 5.44
sd=.16

df = 19
p = .001

t = -9.22

X

51.7 cklsec
X= 5.63
sd = .15

df = 19
p = .001

X

As shown, the mean wave V latencies increase as the time interval
decreases following the 70 dB nHL click. A statistically significant difference was
found between wave V for chain F, which has the shortest time interval between
chains, and the wave V elicited by the other chains as well as by the
conventional 21.7 click/sec repetition rate method. Chain G also had a
significantly different wave V latency than the 21.7 click/sec conventional
method. The 51.7 click/sec conventional method yielded a significantly longer
wave V than did the slower repetition rate chains (G and A).

Amplitude
The mean peak-to-trough amplitudes of the wave IVN complex resulting
from the 70 dB nHL click for chains F, G, and A and the conventional methods
were analyzed using repeated measures t-tests. Table 3.6 displays these
results.
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Table 3.6. Mean wave V amplitudes of the 70 dB nHL click in chains
F, G. and A and conventional ABA methods

Chain F
Chain F
X= .32
sd = .08

X

Chain G
X= .31
sd = .10

Chain G

Chain A

21.7 cklsec

51.7 ck/sec

t = .82
df = 19
p =.422

t=-1.36
df = 19
p = .190

t = -1.90
df = 19
p = .073

t = -.29
df = 19
p = .778

X

t = -.43
df = 19
p = .669

t = -3.60
df = 19
p = .002

t=-1.17
df = 19
p = .258

t = -3.34
df = 19
p = .003

t=-1.27
df = 19
p = .219

Chain A
X= .30
sd = .10

X

21.7 cklsec
X= .34
sd = .10

X

51.7 cklsec
X= .32
sd = .08

t = .37
df = 19
p = .707

X

The mean amplitudes shown in Table 3.6 are similar across the chain
conditions. The fastest repetition rate chain (F) elicited a mean wave V amplitude that was actually slightly larger than chains G and A. The 21.7 click/sec
conventional method created statistically significant larger wave Vs than chains
G and A.

Number of Subjects
The number of subjects with readable waves was consistent between
chains F, G, and A. Chains F,G, and A all included 20 subjects for this analysis.
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Backward Masking Effects on the 40 dB nHL Click
Effects on the 40 dB nHL Click Response with a 48 ms
Interval Between the 40 -70 dB nHL Interval
Latency
Backward masking effects were evaluated by comparing the latencies of
wave V elicited by the 40 dB nHL click when the inter-click interval was at 20 ms
for chains A, B, and C and 26 ms for chains G and E. When the time interval
between the 40 and 70 dB nHL clicks is increased and the time between the 70
dB nHL click of one chain and the 40 dB nHL of the next chain remained
constant, the effect of backward masking was examined.
Chain A had a 12 ms time interval between the 40 and 70 dB nHL clicks,
chain B had a 20 ms interval, and chain C had a 48 ms interval. The wave V
latencies for these chains, and the results of tests of differences in these
latencies, can be found in Table 3.7.
Table 3.7. Mean wave V latencies of the 40 dB nHL click in various
backward masking chain conditions with inter-chain interval of 48 ms
and conventional ABA methods.

Chain A

Chain B

Chain C

21.7 cklsec

51.7 ck/sec

t

= .47

X

t=1.18
df = 18
p =.255

df = 19
p = .647

t =2.36
df = 19
p = .029

t=-.44
df = 19
p = .665

t =-.75
df = 18
p = .460

t = 1.26
df = 18
p = .222

t=-1.16
df = 18
p = .260

X

t = 2.28
df = 19
p = .034

t = -.83
df = 19
p = .414

X

t = -3.94
df = 19
p = .001

Chain A
X= 6.61
sd = .33
Chain B
X= 6.58
sd = .33

X

Chain C
X= 6.60
sd=.17

21.7 cklsec
X= 6.50
sd = .27
51.7 cklsec
X= 6.63
sd = .28

X
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The mean wave V latencies in Table 3.7 were similar for all time intervals
between the 40 and the 70 dB nHL clicks. It can be noted that the mean latency
of chain C, which has the longest time interval between the clicks in the chain,
created a shorter mean wave V latency than the chain with the shortest time
interval ( A ), but the latency was longer than that elicited by chain B. These
differences were not statistically significant. The only statistically significant
difference found was between the latencies elicited by the two different
conventional methods.
The latency of waves V elicited by the 40 dB nHL click was examined
when the inter-click interval was increased from 12 ms in chain G to 26 ms in
chain E. The differences in latencies for these chains and the latencies for these
chains are located in Table 3.8.
Table 3.8. Mean wave V latencies of the 12 dB nHL click in various
backward masking chain conditions with inter-chain interval of 48 ms
and conventional ABA methods.

Chain G
Chain G
X= 6.65
sd = .33
ChainE
X= 6.59
sd=.17

X

ChainE

21.7

cis

51.7 c/s

t = -.31
df = 15
p = .763

t = 2.16
df = 17
p = .045

t = .47
df = 17
p = .647

t = 1.46

t = -.29
df = 17
p = .774

X

df = 17
p = .161

21.7 cklsec
X= 6.50
sd = .27

X

51.7 cklsec
X= 6.63
sd = .28

t = -3.94
df = 19
p = .001
X

When the time interval between the 40 and 70 dB nHL interval was
increased from 12 to 26 ms, the mean wave V latencies were similar. These
latencies showed no statistically significant difference when the inter-click interval
was 26 ms.
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Amplitude
The peak-to-trough amplitudes of the wave IVN complex for chains A,B,
and C and the conventional methods are displayed in Table 3.9. Repeated
measures t-test were conducted to determine statistically significant differences
in the amplitudes elicited by the 40 dB nHL clicks.
Table 3.9. Mean wave V amplitudes of the 40 dB nHL click in backward
masking chain conditions A, B, and C and conventional ABR methods.

Chain A
Chain A
X= .18
sd = .05

X

Chain 8
X= .19
sd = .06

Chain 8

Chain C

21.7 cklsec

t = -1.54

t = -3.97

t = -6.24

df = 18
p =.142

df = 19
p = .001

df = 19
p = .001

t = -5.80
df = 19
p = .001

t = -1.88
df = 18
p = .076

t = -5.32

t = -4.70

X

df = 18
p = .001

df = 18
p = .001

t = -3.58

t = -309

df = 19
p = .002

df = 19
p = .006

Chain C
X= .21
sd = .06

X

21.7 cklsec
X= .24
sd = .06

51.7 ck/sec

t = .37

X

51.7 cklsec
X= .24
sd = .06

df = 19
p = .717

X

The mean amplitudes of the wave V elicited by the 40 dB nHL click within
the backward masking chain conditions increased as the time interval between
the clicks increased. A statistically significant difference, however, was found
only when comparing chain A to C under these conditions and when comparing
the chains to the conventional methods.
The differences in mean amplitude of wave V elicited by the 40 dB nHL
click in chains G and E are displayed in Table 3.1 0. These data were obtained
when the interval was increased from 12 to 26 ms and the inter-chain interval
was 26 ms.

28

Table 3.10. Mean wave V amplitudes of the 40 dB nHL click for backward
masking chain conditions G and E and conventional ABA methods.

Chain G
Chain G
X= .20
sd = .06

X

ChainE
X= .18
sd = .06

ChainE

21.7 c/s

51.7 c/s

t =1.67
df = 15
p=.116

t = -5.23
df = 17
p = .001

t = -4.90
df = 17
p = .001

t = -5.40

t = -5.85
df = 17
p = .001

X

df = 17
p = .001

21.7 cklsec
X= .24.
sd = .06

X

51.7 cklsec
X= .24
sd = .06

t = .37
df = 19
p = .707

X

The mean amplitudes of wave V elicited by the 40 dB nHL click in chains
G and E are similar. The amplitudes in chains G and E, however, were significantly smaller than those obtained using conventional methods.

Number of Subjects
Chains A and C produced readable wave V's for all 20 subjects. One
subject's wave V was not identified by two of the three judges for chain B.

Forward Masking Effects on the 40 dB nHL Click Response
Effects on the 40 dB nHL Click Response
at Various Inter-chain Intervals
Latency
The forward masking conditions were studied by observing the effect of
the manipulation of the time interval between the 70 dB click of one stimulus
chain and the 40 dB nHL click of the subsequent chain. Chains D, E, and B have
intervals between the end of one stimulus chain and the start of the next stimulus
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of 0 ms, 26 ms, and 48 ms, respectively. Changes in this pause time between
presentations of the chain determine the repetition rate of the chain and can thus
result in forward masking of the signal. The statistical differences in wave V
latencies of the 40 dB nHL click between the chains in this manipulation of
forward masking, and the wave Vs elicited by the conventional methods are seen
in Table 3.11.
Table 3.11. Mean wave V latencies of the 40 dB nHL click in various forward
masking chain conditions and conventional ABR methods

Chain D
Chain D
X= 6.70
sd = .27
ChainE
X= 6.59
sd = .31

X

ChainE

Chain 8

21.7 cklsec

51.7 ck/sec

t = 2.64
df = 17
p =.017

t = 2.49
df = 18
p = .023

t = 4.04
df = 19
p = .001

t = 1.30
df = 19
p = .211

X

t = .63
df = 16
p = .539

t = 1.46
df = 17
p = .161

t = -.29
df = 17
p = .774

X

t = 1.26
df = 18
p = .222

t=-1.16
df = 18
p = .260

Chain 8
X= 6.58
sd = .33
21.7 cklsec
X= 6.50
sd = .27

X

51.7 cklsec
X= 6.63
sd = .28

t = -3.94
df = 19
p = .001

X

Chains D, E, and B produced wave V latencies which were not statistically
significant at a .01 probability level. However, the fastest chain, chain D, elicited
a longer latency wave V than all other chains and both conventional repetition
rates. The latency was statistically significant from that elicited by the
conventional 21.7 click/sec repetition rate.
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Amplitude
The peak-to-trough amplitudes of the wave IVN complex for chains D, E,
and B and the conventional methods are displayed in Table 3.12. Repeated
measures t-test were conducted to test for statistically significant differences in
the amplitude for the wave V elicited by 40 dB nHL click.

Table 3.12. Mean wave V amplitudes of the 40 dB nHL click in various forward
masking chain conditions and conventional ABR methods.
Chain D
Chain D
X= .21
sd = .06

X

ChainE

Chain 8

21.7 cklsec

51.7 ck/sec

t = 2.31

t = 1.20
df = 18
p = .246

t = -4.48

df = 19
p = .001

t = -3.03
df = 19
p = .007

t = -1.73

t = -5.40

t = -5.85

df = 16
p = .103

df = 17

df = 17

p = .001

p = .001

t = -5.32

t = -4.70

df = 18
p = .001

df = 18
p = .001

df = 17
p =.034

ChainE
X= .18
sd = .06

X

Chain B
X= .19
sd = .06

X

21.7 cklsec
X= .24
sd = .06

t = .37

X

51.7 cklsec
X= .24
sd = .06

df = 19
p = .707

X

The mean amplitudes of wave V elicited by chains D. E, and Bare similar
as they are all within .03 uV of each other and are not statistically different from
each other. All chains do, however, produce smaller wave V amplitudes than the
conventional methods.
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Number of Subjects
The number of subjects with readable wave V's employed in this the
analysis of the 40 dB nHL click varied between the chains. Chain D used 20
subjects, E had 18 subjects, and 19 subjects were used for chain B.

The mean times required to acquire the replicated chained-stimulus ABA
data and the replicated conventional ABA data are displayed in Table 3.13. As
shown, none of the chained-stimuli procedures were faster than the conventional
procedure when a 51.7 click/sec repetition rate was employed. Chains D, F, and
G where more time efficient than chains A, B, C, and D.
Table 3.13. The mean time required to acquire the various chained stimuli and
conventional ABRs.

Procedure
Chain

Chain

Chain

A

B

c

time

13'29"

14'16"

19'02"

sd

2'08"

45"

1'11"

Chain
D

Chain
E

Chain

F

Chain
G

Conventional
21.7
51.7

6'46"

11'25"

5'29"

9'44"

11'06"

33"

2'47"

26"

1'27"

X

4'22"
42"

Degradation of Control Intervals in Chained-stimulus
Runs
In some instances, differences were noted between the control runs
obtained during conventional testing and when the controls were collected as a
portion of some of the chained stimuli runs. These differences were observed in
chain F, which had the shortest interstimulus intervals, and fastest repetition rate.
The repetition rate for this run was 27.7 chains per second, which approximates
a 25 clicks per second rate which optimizes the collection of 40-Hertz middle
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latency responses. It was noted, however, that not all subjects had what
appeared to be a middle-latency response contamination superimposed upon
their control interval.
Figure 3.1 is an example of a normal control run from chain F for a subject
who was sleeping or near sleep and who had a high acceptance rate. If
however, the subject was not completely relaxed and the acceptance rate was
lower, the control run of chain F appeared to present the waveform of a Middle
Latency Response as seen in Figure 3.2.
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Figure 3.1. Control run of chain F with acceptance rate of 98.6 °/o
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Figure 3.2. Control run of chain F with acceptance rate of 81 .5 °/o
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CHAPTER IV
DISCUSSION

Forward Masking Effects on the Wave R Elicited
by the 40 dB nHL Click
The purpose of analyzing the various chains was to investigate the effects
of forward and backward masking in a chain of stimuli containing only 40 and 70
dB nHL clicks. The effects of forward masking, that is, the alteration of the 40 dB
nHL response by the 70 dB nHL response from the preceding chain, was most
readily noticeable when there was no pause between the end of one chain and
the beginning of the next (chain D), where the mean wave V elicited by the 40 dB
nHL click was approximately 0.1 ms longer than in chains E or B. It should be
noted that this difference did not reach statistical significance at the .01 level
(p

=.23).

The magnitude of the forward masking effect for chain D, which may

be clinically significant, suggests that it may be necessary to allow some period
of time between chains to allow for neural recovery. The 40 dB nHL click in
chain E (which has a 26 ms interval between chains) elicited a wave V with a
mean latency not significantly different from either of the conventional ABRs.
This chain may have characteristics sufficient to avoid forward masking effects
on the wave latency.
It should be noted, however, that the amplitude of the wave Vs produced
by all of the chains was smaller than that resulting from either conventional ABA
rate, although the differences in wave amplitudes between the three different
chains used in the forward masking portion of this study did not reach statistical
significance. These results suggest that the forward masking effect is minimally
different in the conditions tested. While the chaining of the stimuli produced
lower amplitude wave V's from the 40 dB nHL stimuli than would have occurred if
conventional testing were conducted, this does not appear to create undue
sacrifice in the number of readable wave V's. The fastest chain tested in forward
masking (chain D) produced readable wave V's from the 40 dB nHL click in all
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subjects (although two subjects did not have a response for chain E, and one did
not produce a wave V for chain B).
Backward Masking Effects on the Wave V Elicited
by the 40 dB nHL Click
By lengthening the time between the 40 and 70 dB nHL click, while
holding constant the time between the 70 dB click of on chain and the 70 dB nHL
click of the next chain, the effect of backward masking was examined. Chains A,
B, and C did not produce statistically significant wave V differences, suggesting a
minimal effect of backward masking. Although the chained stimuli mean wave V
latencies within this condition tended to be longer than the latencies elicited
using the 21.7 click/sec conventional repetition rate, these differences were not
significantly different. The chained-stimuli latencies also tended to be equal to
the latency elicited with a 51.7 click/sec repetition rate. These similarities again
suggest minimal backward masking effect.

Applicability in Screening
In attempting to develop the chained-stimuli screening procedure we
sought to determine which stimulus parameters produced wave Vs without
significant degradation. The time interval between the 40 dB nHL to 70 dB nHL
click appears to have minimal effects on the wave V elicited by the 40 dB nHL
click. As backward masking does not have an undue influence, there is no
reason not to shorten this interval.
To avoid the effects of forward masking, a time interval of at least 26 ms
within the inter-chain interval must be used, as occurred in chains G or E.
Chains D and F would not provide enough time to reduce these effects of
forward masking. As there are no significant differences between the 40 dB nHL
response of chain G and chainE, it appears that either of these chains can be
used without creating excessive forward masking. Although all 20 subjects had a
wave

v for the 70 dB nHL stimuli in both chains G and E, only 18 subjects had a

response to the 40 dB nHL clicks in these chains. This may indicate that some
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difficulties in readability of the waves may occur for the 40 dB nHL response for
chains G and E.
The times required to obtain a replicated run of G and E are longer than
that required for the conventional 51.7 click/sec repetition rate procedure.
However, chain G requires less time than the 21.7 click/sec repetition rate. As
slower repetition rates are more typically used when testing infants, it appears
that, if the inter-click intervals are adjusted to minimize backward and forward
masking effects, as in chain G, this may offer a time efficient and accurate
method of testing. Testing using a 51.7 click/sec repetition rate would still remain
the most efficient protocol.
Application of the Chain in the Assessment of Abnormal
Neurological Fatigue
As the presence of a retrocochlear lesion results in increased wave V
latency when the repetition rate is increased, neurological testing is usually conducted using a higher repetition rate. In conventional testing, however, the
repetition rate may not be fast enough to detect abnormal fatigue associated with
retrocochlear lesions.
In this study, the latency increase observed in conventional methods as
the repetition rate increased from 21.7 click/sec to 51.7 click/sec was .19 for the
70 dB nHL click and .13 ms for the 40 dB nHL click, which is consistent with previous findings. In normal hearing individuals, an increase in latency is seen
when the repetition rate increases. With each increase of repetition rate by 10
click/sec approximately .1 ms increase in the wave V latency results when the
repetition rate is increased above 30 clicks/sec.
The wave V for the fastest and most neural fatiguing chain (chain F) was
not greatly prolonged relative to the conventional (.15 ms longer than the 21.7
click/sec repetition rate) at 70 dB nHL. At 40 dB nHL, however, were backward
and forward masking effects are noted, a greater stress is placed o the neural
system, creating a .37 ms prolongation. If these changes produce evidence of
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neural fatigue in normals, it is possible that the use of this chain in retrocochlear
patients will reveal even greater evidence of fatigue.
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