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Learner Objectives
• After this course, participants will be able to:

– understand differences between air- (AC) and 
bone-conducted (BC) CE-Chirps and traditional 
click stimuli.

– understand differences between AC CE-Chirp 
Octave Band stimuli and traditional tone burst 
stimuli.

– describe similarities/differences in ABRs to CE-
Chirps and CE-Chirp Octave Band stimuli versus 
traditional click and tone burst stimuli.
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Webinar Overview
• Introduction 
• The CE-Chirp® Versus Click Stimulus
• The CE-Chirp® Octave Band Versus Tone Burst Stimulus
• Stimulus Parameter Effects: 

– CE-Chirp®
– CE-Chirp® Octave Band Stimuli

• Clinical Applications
• Questions
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East Carolina University 
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Some history…
• In 1970 Jewett, 

Romano, & Williston 
first describe auditory 
brainstem response 
(ABR) in humans. 
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A year later…
• Jewett & Williston (1971) reported a systematic study ABR in humans.

– “…the early auditory field potentials presented here may have considerable use for empirically based clinical and experimental work…”(p. 685).
6
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What is the ABR?
• The ABR “reflects bioelectrical potential 

arising from the auditory nerve and 
brainstem in response to acoustic short-
duration sounds (transient signals).”
– ASHA (2004)
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• A normal ABR 
waveform recorded 
from adults consists 
of a series of 5 to 7 
peaks that occur 
within the first 10 ms 
after the onset of a 
transient stimulus. 
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Sampath et al. (2016). Brainstem auditory evoked potentials for intraoperative neurophysiological monitoring. J Neuroanaesthesiol Crit Care 2016;3, Suppl S1:1-3
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Clinical Applications of ABRs
• Differential Diagnosis/Evaluations 

– Integrity of auditory nerve and brainstem pathway
– Auditory processing

• Newborn Hearing Screening
• Estimation of Behavioral Thresholds

9

Why A Transient Stimulus?
• The ABR is an onset response.
• The rapid onset of the transient stimulus is 

key in generating the synchronous firing of 
numerous auditory 8th nerve fibers and 
brainstem neurons that underlies the 
response.

• The “click” is the most commonly used 
transient signal. 

10
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Typical Air-conducted Click
(Hall, 2015)
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What’s Good About The Click?
• Can provide an 

assessment of 8th 
nerve and auditory 
brainstem integrity.
• i.e., can rule out possible neurological involvement.

• Click ABR thresholds correlate quiet well with hearing sensitivity in the 2000 to 4000 Hz range.
12
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What’s Bad About The Click?
• Click ABR thresholds 

do not provide “a 
reliable estimate with 
hearing sensitivity in 
the 2000 to 4000 Hz 
range for individual 
patients.”
– (Stapells & Oates, 

1997)

13

• ABRs to clicks miss 
hearing loss.
– (Stapells & Oates, 

1997)

14

In each case above the ABR threshold was ≤30 dB nHL.



9/20/16

8

Estimating the Audiogram by the 
ABR

• “...ABR to tonal stimuli can be 
successfully recorded in most clinical 
environments and provide reasonable 
accuracy estimates of 500 to 4000 Hz 
pure-tone behavioral thresholds...”
– (Stapells & Oates, 1997)
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Typical Air-conducted Tone Burst
(Hall, 2015)

16
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Threshold Estimation Using Tones 
(Stapells et al., 1995)

17

But can we 
improve 
these 
stimuli?

18

Retrieved from http:/http://hotphotosfree.com/cartoon-man-thinking
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ABRs to Clicks
• The click’s broad 

acoustic spectrum 
evoked from activity 
from the whole basilar 
membrane.

19

Kern A, Heid C, Steeb W-H, Stoop N, Stoop R (2008) Biophysical Parameters Modification Could Overcome Essential Hearing Gaps. PLoS Comput Biol 4(8): e1000161. doi:10.1371/journal.pcbi.1000161

• The different neural 
units along the 
cochlear partition are 
not stimulated at the 
same time.

• Wave V is dominated 
by neural activity from 
high-frequency 
regions of the cochlea.
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Kern A, Heid C, Steeb W-H, Stoop N, Stoop R (2008) Biophysical Parameters Modification Could Overcome Essential Hearing Gaps. PLoS Comput Biol 4(8): e1000161. doi:10.1371/journal.pcbi.1000161
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Derived Band ABRs 
(Don et al., 1997)

• The frequency components along the basilar membrane are shown from base to apex.
• Each band contributes to the standard ABR.
• But the low frequency components are phase canceled!

21

Temporal Alignment: Output
• One way is to align the activity along the cochlear is to temporally align derived band ABRs.

– i.e., output compensation
• The Stacked ABR is formed by first generating derived-band ABRs, temporally aligning wave V, and then summing stacked responses.

– (Don et al., 1997, 2005).
• Aligning the derived-band ABRs eliminates phase cancellation of lower frequency activity.

22
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The Stacking Method 
(Don et al., 2005)

23

Temporal Alignment: Input
• Another way is to align the activity along 

the cochlear is to time-shifting the different 
frequency components of the click 
stimulus.
– i.e., input compensation

• The order of the frequency components in 
the stimulus is based on the tonotopic
organization of the basilar membrane. 

24
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Chirps – A New Stimulus!
• First described by 

Shore & Nuttal
(1985).

• Several chirps have 
been described.
– A-Chirp, M-Chirp, O-

Chirp
• Dau et al., 2000; Fobel

& Dau, 2004; 
 Redistribution subject to ASA license or copyright; see http://acousticalsociety.org/content/terms. Download to IP:  150.216.217.120 On: Tue, 17 Dec 2013 18:16:35
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The ClausElberling -Chirp®
(Elberling et al, 2007, 2010; Elberling & Don, 2008, 2010)

• Designed using a delay model based on derived-band ABR latencies.
• The electrical CE-Chirp® has a flat amplitude spectrum within five octave-bands ranging from 350 to 11,300 Hz.
• Four octave-band filtered versions of the CE-Chirp® are also implemented with the center frequencies 500, 1000, 2000, and 4000 Hz.

– The octave-band chirps are obtained by decomposing the broad-band CE-Chirp®.
26
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The CE-Chirp®
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A rising frequency or “low-frequency leading” stimulus that compensates for the cochlear traveling wave delay!

CE-Chirp® & Click Time/Amplitude 
Waves
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Some Temporal Issues 
(Kristensen & Elberling, 2012)

• The 10,000 Hz component of the CE-Chirp® is delayed by 1.5 ms to align ABR latencies to the chirps with the latencies to the click in normal-hearing subjects. 
• The 0 ms point on the time axis for the acoustical waveforms indicates the start of the data collection and also the temporal reference for all latency measures.

29

Electrical Waveforms Acoustical Waveforms

CE-Chirp® & Click Stimuli Spectra

30
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Decomposing The CE-Chirp®
(Elberling et al., 2010)

Amplitude Frequency Waveform and Envelope

31

CE-Chirp® Octave Band and Tone 
Burst & Click Time/Amplitude Waves
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CE-Chirp® Octave Band:
Temporal Characteristics (GSI, 2013)

• The timing of each CE-Chirp® Octave Band stimulus is derived from the timing of the same component in the CE-Chirp®.
• Notice that the tone burst presentation starts at 0 ms, while the CE-Chirp® Octave Band stimulus presentation precedes 0 ms.

33

CE-Chirp® Octave Band & Tone 
Burst Spectra
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Why Use the CE-Chirp®? 
• Using a CE-Chirp® 

has been shown to increase the amplitude of the ABR in adults compared to the amplitude in response to a click.
– Elberling et al, 2007; Elberling and Don, 2008; Don et al, 2009; Elberlinget al, 2010; Cebulla and Elberling, 2010; Elberling and Don, 2010; Kristensen & Elberling, 2012; Elberling et al., 2012

35

(Elberling & Don, 2008)

ECU & The CE-Chirp®

• We were interested in using the CE-Chirp®
with neonates: 
– Compare neonate ABRs to air- (AC) and 

bone-conducted (BC) CE-Chirp® and click 
stimuli.

– Compare neonate ABRs to AC CE-Chirp®
octave band and tone burst stimuli.

– Compare neonate and adult ABRs to AC CE-
Chirp® and CE-Chirp® octave band stimuli.

36
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AC Intensity: CE-Chirp® vs. Click 

39

Click: 60, 45, & 30 dB nHL @ 57.7/sCE-Chirp®: 60, 45, & 30 dB nHL @ 57.7/s

AC Intensity: CE-Chirp® vs. Click 
Latency Amplitude

40



9/20/16

21

BC Intensity: CE-Chirp® vs. Click 

41

Click: 45, 30, & 15 dB nHL @ 57.7/sCE-Chirp®: 45, 30, & 15 dB nHL @ 57.7/s

BC Intensity: CE-Chirp® vs. Click 
Latency Amplitude
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AC Sweeps: CE-Chirp® vs. Click
30 dB nHL @ 57.7/s

43

AC Sweeps: CE-Chirp® vs. Click
30 dB nHL @ 57.7/s

44
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AC & BC Test-Retest Reliability: 
CE-Chirp®

45

AC & BC Test-Retest Reliability: 
CE-Chirp®
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AC & BC Test-Retest Reliability: 
CE-Chirp®
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r = .93 

r = .80 r = .72 

r = .94 

AC Rate: CE-Chirp® vs. Click 

48
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AC Rate: CE-Chirp® vs. Click

49

Latency Amplitude

AC Polarity: CE-Chirp® vs. Click

50
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% Presence of Waves I, III, & V
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AC Polarity: CE-Chirp® vs. Click
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CE-Chirp® Observations
• Wave V amplitudes to AC and BC CE-

Chirp® are significantly larger than those 
evoked to standard click.

• Wave V latency differences exist between 
the AC and BC CE-Chirp®.

53

• AC and BC ABRs can be reliably evoked 
with low intensity 30 dB nHL CE-Chirp®
and a fast rate of 57.7/s, similar to the 
current parameters of newborn hearing 
screenings.

• With the CE-Chirp®, wave V can be 
detected with 1/4 the amount of stimulus 
presentations required for the click.

54
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ABR Waveforms: Tonal Stimuli
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500 Hz Tone Burst

CE-Chirp Octave Band

1000 Hz Tone Burst

CE-Chirp Octave Band

56

2000 Hz Tone Burst

CE-Chirp Octave Band

4000 Hz Tone Burst

CE-Chirp Octave Band
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ABR Wave V Latency
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CE-Chirp® Octave Band 
Observations: Wave V Latency

• Wave V latencies 
significantly earlier to 
CE-Chirps® Octave 
Bands versus tone 
bursts.
– Related to input delay 

for “rising frequency” 
chirp.

– (Cebulla et al., 2014; Kristensen
& Elberling, 2012)
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Latency/Frequency Reversal!
• Wave V latencies 

increase with 
decreasing tone burst 
frequency.
– Rodrigues et al. (2013)

• Wave V latencies 
decrease with 
decreasing frequency 
of CE-Chirps® Octave 
Band.

59

ABR Wave V Amplitudes

60
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CE-Chirp® Octave Band 
Observations: Wave V Amplitudes

• Amplitude
– Wave V amplitude was 

significantly larger at 
all intensities for CE-
Chirps® Octave Bands 
at 1000 and 2000 Hz 
and 4000 Hz at 45 and 
30 dB nHL.

• Related to wider 
spectral widths?

– (Bell et al., 2002)

61

Clinical Applications of ABRs to CE-
Chirp® Stimuli

• Differential Diagnosis/Evaluations 
– Integrity of auditory nerve and brainstem pathway
– Auditory processing

• Newborn Hearing Screening
• Estimation of Behavioral Thresholds

62
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Conclusions
• Wave V amplitudes to AC and BC CE-

Chirp® stimuli are significantly larger than 
traditional stimuli.

• Wave V latency differences exist between 
CE-Chirp® stimuli and traditional stimuli.

• Test time can be reduced.
• ABRs to AC and BC CE-Chirp® stimuli are 

reliable.
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Questions
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