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Abstract

Background and Aim: Frequency following
response (FFR) is a neural response with mul-
tiple origins. The purpose of current study is to
record FFR with alternative and single polarity
500 Hz tone burst stimuli in the setting of
auditory brainstem response (ABR).

Methods: The population of this observational
study consists of 21 adults (n=42 ears) with a
mean age of 22.43 (SD=1.51), with 8 out 21
(38%) being female. The participant shows nor-
mal results in otoscopy, tympanometry, acoustic
reflex, pure tone audiometry, speech recognition
threshold, and speech discrimination score.
They underwent ABR with a click and various
polarities of 500 Hz tone burst stimuli.

Results: First, latencies of ABR waveform with
the alternative polarity of click and tone burst
were compared and then with changing the
polarity to single polarity, FFR was recorded in
24 ears (about 57%) using the 500 Hz tone burst
stimuli. The results showed that in some pati-
ents changing the polarity caused a better mor-
phology.

Conclusion: In some cases, FFR can be rec-
orded in ABR setting. In addition, because of
large amplitude, they fade away ABR wave-
forms.
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Introduction

Frequency following response (FFR) is a neural
response with multiple cortical and subcortical
origins [1,2] usually recorded by a stimulus
with frequencies less than 2000 Hz and rise
and fall time over 5 ms. Using this stimulus
improves frequency selectivity [3]. FFR does
not have widespread clinical use because of
high variability even in normal hearing persons
[4] and difficult separation from stimulus arti-
fact and cochlear microphonic (CM). However,
this response could provide good information
about pattern encoding [5], pitch understanding
[6,7], phased locked function and temporal
envelope of auditory stimulus [8,9], binaural
hearing and nonlinear properties of cochlea [3].
Although FFRs could be recorded during aud-
itory brainstem response (ABR), which was
reported in few cases [10,11], most of the
knowledge about this subject is related to
clinicians’ experience, suggesting the possibility
of recording FFR with tone burst-evoked
ABR with single polarity and low-frequency
stimulus.

The purpose of present study was to evaluate
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Table 1. Latencies of ABR waveforms for alternative polarity of click and 500 Hz tone burst

click 500 Hz tone burst

latencies Inter peak latencies latencies Inter peak latencies

| 1 \Y% | ] Vv

(h=42) (n=42) (n=dz)  MOWVOVO o migy (nmagy T NEVOV
Mean  1.37 3.47 5.38 209 190 4.00 2.36 4.76 6.89 231 221 449
SD 0.10 0.14 0.13 0.12 010 0.15 0.41 0.27 0.30 0.24 084 048

this possibility. It may be important because the
recording of low-frequency ABR is very com-
mon and presence of FFR could mislead cli-
nicians in detecting ABR waveforms. It has to
be noted that it is not clear that recorded FFR
could be used for reliable and valid estimation
of auditory thresholds.

Methods

The population of this observational study con-
sists of 21 adults (n=42 ears) with a mean age of
22.43 (SD=1.51), with 8 out 21 (38%) being
female. They had normal function in auditory
evaluation including otoscopy, tympanometry,
acoustic reflex, pure tone audiometry, speech
recognition threshold, and speech discrimination
score.

First, they were evaluated by click and 500 Hz
tone burst-evoked ABR (Interacoustics, EP25,
Denmark) with an alternating polarity. Ele-
ctrodes were placed on the forehead (active)
and mastoid (passive). Latencies of waveforms
I, 1Hl, and V and interpeak latencies (I-IlI,
I11-V, and [I-V) were tested at 80 dBnHL.
The stimulus presented via headphone at a rate
of 17.3 Hz. Then, the polarity was adjusted
to be condensed and rarified and tone burst
stimuli were tested again. The reason for using
this electrode array was an evaluation of the
probability of recording FFRs in usual ABR
montage. Presence of FFRs was confirmed
by repeating the test and visual observation
of repeating sinusoidal waveform that has
slightly larger amplitude than usual ABR wave-
forms.

Results were analyzed by SPSS 19. Latencies of
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click and tone burst-evoked ABR were com-
pared with paired t-test and ratio of observed FR
response were evaluated by descriptive analysis.

Results

The latencies of click and 500 Hz tone burst-
evoked ABR for alternative polarity showed in
Table 1. As can be seen, latencies have a sta-
tistically significant difference (p<0.05). Using
500 Hz tone burst stimuli, only 12 and 18 ears
(out of 42) had a wave | and I, resectively, but
all of them had wave V. The variability in tone
burst-evoked ABR was higher than click-
evoked ABR while tone burst-evoked ABR had
poorer morphologies. FFRs were recorded at 24
ears (about 57%) by changing the polarity in
500 Hz stimuli (Fig. 1) and FFRs were recorded
in both ear. In other participants, FFRs were not
recorded bilaterally but changing the polarity
caused better morphologies of ABR in some
cases (Fig. 2).

Discussion

In most of the participants, FFRs were recorded
in usual setting of ABR. In some cases, chang-
ing the polarity only made a small change in
latencies of ABR waveforms. In all participant,
ability or inability of recording FFRs was iden-
tical for both ears.

The presence of FFRs in the recording of ABR
was previously mentioned in [11,12] and it was
named “ringing” because of repeated wavefor-
ms [10]. FFR is also recorded at speech evoked
ABR [13,14].

The importance of this result relies on the exten-
sive usage of low-frequency tone burst-evoked
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Fig. 2. A sample of a) click evoked ABR, and
recording of 500 Hz tone burst evoked ABR
with b) alternating and c) single polarities.

ABR for auditory threshold estimations. Pres-
ence of any kind of response that may jeo-
pardize the real ABR waveforms is a critical
issue to be considered. The results of this study
show that using the wrong polarity may result
in the wrong threshold in more than half of
patients. However, FFR and ABR have different
morphologies that reduce the chance of mistake
for more experienced clinicians. As shown in
Figures. 1 and 2, they have a considerable diffe-
rence in amplitude, morphology, and latency of
waveforms.

The value of recorded FFRs (with this setting)
for a valid and reliable estimation of auditory
thresholds is unclear. To the best of author’s
knowledge, there is little knowledge about this
subject that mostly involves clinical experience.
The origins of this response are also unclear.
Usual FFRs have multiple origins including CM
[3,15]. Because of lower latencies of recorded
waveforms, this response may have more invol-
vement of CM. If this assumption is true, rec-
ording of this response could be beneficial in
auditory dyssynchrony/neuropathy cases. It also
suggests that using non-cephalic electrodes may
decrease the involvement of CM [11,12].
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Fig. 1. A sample of a) click-evoked ABR, b)
500 Hz tone burst evoked ABR, and c)
Frequency following response (FFR).

Conclusion

In some cases, FFR can be recorded in ABR
setting. Because of their large amplitude, they
fade away ABR waveforms. This effect must be
noted in the recording of low-frequency tone
burst-evoked ABR.

Conflict of interest
The authors declare that they have no conflict of
interest.

REFERENCES

1. Coffey EB, Herholz SC, Chepesiuk AM, Baillet S,
Zatorre RJ. Cortical contributions to the auditory
frequency-following response revealed by MEG. Nat
Commun. 2016;7:11070. doi: 10.1038/ncomms11070

2. Bidelman GM. Multichannel recordings of the human
brainstem frequency-following response: scalp topo-
graphy, source generators, and distinctions from the
transient ABR. Hear Res. 2015;323:68-80. doi:
10.1016/j.heares.2015.01.011

3. Krishnan A. Frequency-following response. In: Burkard
RF, Eggermont JJ, Don M, editors. Auditory evoked
potentials: basic principles and clinical application. 1%
ed. Philadelphia: Lippincott Williams & Wilkins; 2007.
p. 313-33.

4, Coffey EB, Colagrosso EM, Lehmann A, Schénwiesner
M, Zatorre RJ. Individual differences in the
frequency-following response: relation to pitch
perception. PLoS One. 2016;11(3):0152374. doi:
10.1371/journal.pone.0152374

Aud Vest Res (2018);27(1):45-48.


https://www.nature.com/articles/ncomms11070
https://www.sciencedirect.com/science/journal/03785955/323
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0152374

48

Xie Z, Reetzke R, Chandrasekaran B. Stability and
plasticity in neural encoding of linguistically relevant
pitch patterns. J Neurophysiol. 2017;117(3):1407-1422.
doi: 10.1152/jn.00445.2016

Jeng FC, Lin CD, Sabol JT, Hollister GR,
Chou MS, Chen CH, et al .Pitch perception and
frequency-following responses elicited by lexical-tone
chimeras. Int J Audiol. 2016;55(1):53-63. doi:
10.3109/14992027.2015.1072774

Gong Q, Xu Q, Sun W. Design and implementation
of frequency-following response recording system.
Int J Audiol. 2013;52(12):824-31. doi:
10.3109/14992027.2013.834537

King A, Hopkins K, Plack CJ. Differential group
delay of the frequency following response measured
vertically and horizontally. J Assoc Res Otolaryngol.
2016;17(2):133-43. doi: 10.1007/s10162-016-0556-x
Ananthakrishnan S, Krishnan A, Bartlett E. Human
frequency following response: neural representation
of envelope and temporal fine structure in listeners
with  normal hearing and sensorineural hearing
loss. Ear  Hear. 2016;37(2):91-e103.  doi:

Aud Vest Res (2018);27(1):45-48.

10.

11.

12.

13.

14.

15.

Observing FFR in recording of ABR

10.1097/AUD.0000000000000247

Hall Jw., I eHandbook of Auditory Evoked
Responses: Principles, Procedures & Protocols. Kindle
Direct Publishing; 2015. Available from:
https://www.amazon.com/eHandbook-Auditory-Evoked-
Responses-Principles-ebook/dp/B0145G2FFM

Hall JW. New handbook of auditory evoked responses.
1t ed. Boston: Pearson; 2007.

Huis in't Veld F, Osterhammel P, Terkildsen K.
Frequency following auditory brain stem responses in
man. Scand Audiol. 1977;6(1):27-34.

Kumar K, Bhat JS, D'Costa PE, Srivastava M, Kalaiah
MK. Effect of stimulus polarity on speech evoked
auditory brainstem response. Audiol Res. 2014;3(1):e8.
doi: 10.4081/audiores.2013.e8

Johnson KL, Nicol TG, Kraus N. Brain stem response to
speech: a biological marker of auditory processing. Ear
Hear. 2005;26(5):424-34.

Tichko P, Skoe E. Frequency-dependent fine structure
in the frequency-following response: The byproduct
of multiple generators. Hear Res. 2017;348:1-15. doi:
10.1016/j.heares.2017.01.014

http://avr.tums.ac.ir


http://www.physiology.org/doi/abs/10.1152/jn.00445.2016
http://www.tandfonline.com/doi/full/10.3109/14992027.2015.1072774
http://www.tandfonline.com/loi/iija20
https://link.springer.com/article/10.1007/s10162-016-0556-x
http://www.ingentaconnect.com/content/wk/aud/2016/00000037/00000002/art00003?crawler=true
https://www.amazon.com/eHandbook-Auditory-Evoked-Responses-Principles-ebook/dp/B0145G2FFM
https://www.amazon.com/eHandbook-Auditory-Evoked-Responses-Principles-ebook/dp/B0145G2FFM
http://audiologyresearch.org/index.php/audio/article/view/audiores.2013.e8/129
http://www.sciencedirect.com/science/article/pii/S0378595516304117

