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OBJECTIVES: The purpose of this study was to analyze auditory brainstem response (ABR) waveforms of patients with tinnitus with normal hear-
ing, according to tinnitus duration, and demonstrate the possible pathophysiological mechanisms of tinnitus.

MATERIALS and METHODS: From January 2016 to December 2017, patients who presented to our hospital with tinnitus as their chief complaint
were enrolled and reviewed retrospectively. Pure tone audiometry and ABR tests were performed. The patients were classified into three groups
according to tinnitus duration: acute (<1 month), subacute (1-6 months), and chronic (>6 months). The amplitudes of waves | and V and the laten-
cies of waves |, Ill, and V were evaluated. In this study, 177 ears of 128 patients with tinnitus with normal hearing were evaluated.

RESULTS: Wave V amplitude was significantly lower during the subacute phase than during the acute phase. The absolute latency value of wave
V was greater during the subacute phase than during the acute phase. The interpeak latency |-V was significantly prolonged during the subacute
phase compared with the acute and chronic phases. Wave V amplitude, wave V absolute latency, and interpeak latency |-V varied significantly
between cases with a 1-month and 6-month tinnitus history.

CONCLUSION: The compensatory response to tinnitus decreased sharply after 1 month of symptoms. Early tinnitus identification and treatment
initiation are recommended.
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INTRODUCTION

Tinnitus is defined as a phantom noise perceived in the absence of any external sound . Tinnitus is one of the most common
otorhinolaryngological symptoms alongside hearing loss and vertigo. It is known that 10-30% of people have tinnitus, and 3-4% of
patients present at a hospital during their lifetime for this reason . As tinnitus is directly linked to the quality of life of patients, it is
very important to better understand this issue E.

The auditory brainstem response (ABR) test evaluates the auditory brainstem function in response to auditory stimuli. It has been
widely used to evaluate patients with hearing loss since it was introduced by Jewett and Williston . The ABR test is a useful meth-
od to identify retrocochlear lesions such as acoustic neuromas ¢. Moreover, it can be used to identify the presence of auditory
neuropathy .

The ABRis composed of various waves, of which waves |, lll, and V are the most prominently observed and have clinical significance.
Waves |, lll, and V are generated in the distal portion of the cochlear nerve, in the cochlear nucleus, and the inferior colliculus, re-
spectively ¥'%, However, there are relatively fewer studies on the ABR of patients with tinnitus, and the findings are controversial.
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Although there are many controversies, it is generally accepted that a
reduced wave | amplitude could indicate cochlear synaptopathy, and
a normal or elevated wave V amplitude could imply compensatory
responses in central/cortical regions "1,

The authors hypothesized that there may be a change in ABR
waveforms over tinnitus duration. Currently, there are no definite
criteria for tinnitus classification by duration. However, in the lit-
erature, tinnitus with a duration shorter than 1 month has been
classified as acute, whereas that lasting longer than 6 months has
been classified as chronic ">, Therefore, we defined tinnitus as
acute tinnitus when it lasted less than 1T month, as subacute tin-
nitus when it lasted 1-6 months, and as chronic tinnitus when it
lasted more than 6 months. The purpose of this study was to ana-
lyze ABR waveforms of patients with tinnitus with normal hearing,
according to tinnitus duration.

MATERIALS and METHODS

Patients

From January 2016 to December 2017, the medical records of pa-
tients who visited our clinic with tinnitus were analyzed. All patients
underwent pure tone audiometry and ABR tests. Normal hearing
was defined as having a value lower than 25 dB at frequencies of 500
Hz, 1,000 Hz, 2,000 Hz, 4,000 Hz, and 8,000 Hz. Of 484 patients, 60,
95, and 78 patients were excluded owing to the absence of tinnitus
direction, ambiguity of symptom duration, and missing ABR data,
respectively. Of the remaining 249 patients (319 ears), 179 subjects
presented unilateral tinnitus, and 70 had bilateral tinnitus. Of the 319
analyzed ears, 177 presented no hearing loss (Figure 1). Patients with
tinnitus with hearing loss were excluded. The participants (patients
with tinnitus with normal hearing) were classified into three groups:
acute (within T month), subacute (1-6 months), and chronic (over 6
months), according to tinnitus duration. Institutional review board
(IRB) approval was obtained from Korea University Ansan Hospital
(IRB No: 2018AS0211).

Procedure and Analysis

Two electrodes were attached to the midline of the frontal bone and
vertex after cleaning the scalp skin of the patients. The test was per-
formed in the supine position for approximately 50-90 minutes us-
ing a 90 dB click sound with a Navigator pro (two channel, Bio-logic
earphones, Natus Medical Inc., Pleasanton, California, USA).

Peak amplitudes were measured using the peak-to-peak difference
between peak-to-peak amplitudes of waves | and V. The V/I ratio was
recorded along with the value of the amplitudes for waves | and V.

MAIN POINTS

«  Wave V amplitude was significantly lower during the sub-
acute phase than during the acute phase.

«  Theabsolute latency value of wave V was greater during the
subacute phase than during the acute phase.

- Female patients maintain a shorter latency and larger am-
plitude, independent of the duration of tinnitus.
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The absolute latencies of waves |, lll, and V were measured, and the
interpeak latencies (IPLs) of waves I-ll, llI-V, and -V were investi-
gated. We compared the ABR waveforms, including amplitude and
latency, according to tinnitus duration. In addition, we analyzed the
wave differences between male and female patients with different
tinnitus duration because of known sex differences in wave ampli-
tude and latency.

Statistical Analysis

Statistical comparisons of the amplitudes of waves | and V; V/I ratio;
latencies of waves |, lll, and V; and IPLs of waves I-lll, llI-V, and 1-V
between the acute, subacute, and chronic groups were performed
using the Kruskal-Wallis test or Mann-Whitney U test with Bonfer-
roni correction (a = 0.05/3 = 0.017). We compared the same param-
eters of the ABR waves between male and female patients using an
independent t-test or Mann-Whitney U test. Statistical analysis was
performed using the Statistical Packages for the Social Sciences
(SPSS) version 20.0 statistical software (IBM Corp.; Armonk, NY, USA).
A p<0.05 was considered to be statistically significant.

RESULTS

The mean age of patients with tinnitus with normal hearing was
47.916.4 years. The acute group included 20 ears with less than 1
month of tinnitus. The subacute group included 83 ears with 1 to 6
months of tinnitus. The chronic group included 74 ears with more
than 6 months of tinnitus (Table 1). The mean duration of tinnitus
was 20.58.0 days in the acute group, 2.71.2 months in the subacute
group, and 37.336.1 months in the chronic group.

Comparison of Waves | and V Amplitudes and V/I Ratio, According
to Tinnitus Duration

First, the amplitude changes according to tinnitus duration was
evaluated. The absolute value of wave | amplitude was found to be
0.2820.117 pV in the acute group, 0.2730.130 yV in the subacute
group, and 0.2670.141 pV in the chronic group. There was no sig-
nificant difference between the three groups (Kruskal-Wallis test,
p=0.888; Figure 2). The absolute value of wave V amplitude was
0.5010.199 pV in the acute group, 0.3660.130 uV in the subacute
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direction: 60 patients
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durafion: 95 patients
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Figure 1. Flow chart detailing patient inclusion and exclusion in the study.
We excluded 235 patients owing to uncertainty in the direction or duration
of tinnitus or for a lack of ABR data. Of the remaining 249 patients, 177 ears of
128 patients with normal hearing were included in the study. ABR: auditory
brainstem response.
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group, and 0.4080.159 pV in the chronic group. The amplitude of
wave V in the subacute group was significantly smaller than that in
the acute group (Mann-Whitney U test with Bonferroni correction,
p=0.003; a = 0.05/3; Figure 2). There was no significant difference
between the subacute and the chronic groups or between the acute
and the chronic groups (independent t-test and Mann-Whitney U
test with Bonferroni correction, p=0.031 and p=0.072, respectively;
a=0.05/3; Figure 2). The V/I ratio was 2.0651.199 in the acute group,
1.6701.224 in the subacute group, and 2.7564.287 in the chronic
group. There was no significant difference in the V/I ratio between
the three groups (Kruskal-Wallis test, p=0.158; Figure 3).

Comparison of Absolute Latencies of Waves |, lll, and V and IPLs of
Waves I-llI, 1lI-V, and |-V, According to Tinnitus Duration

The absolute latency value for wave | was 1.4090.167 ms in the acute
group, 1.4200.200 ms in the subacute group, and 1.4420.159 ms in
the chronic group. There was no significant difference between the
three groups (Kruskal-Wallis test, p=0.303). The absolute latency val-
ue for wave lll was 3.5720.156 ms in the acute group, 3.6470.169 ms
in the subacute group, and 3.6500.211 ms in the chronic group. There
was no significant difference in absolute latency for wave Il between
the three groups (Kruskal-Wallis test, p=0.285). The absolute latency
value for wave V was 5.3920.195 ms in the acute group, 5.5270.222
ms in the subacute group, and 5.4780.249 ms in the chronic group.
There was a significant difference in the latency of wave V between
the acute and the subacute groups (Mann-Whitney U test with Bon-
ferroni correction, p=0.014; a = 0.05/3; Table 2).

Regarding the IPLs, there was a significant difference between groups
only for the IPL I-V. The IPL |-V was 3.980.20 ms in the acute group,
4.110.27 ms in the subacute group, and 4.040.24 ms in the chron-
ic group. The value of the subacute group was significantly higher
than that of the acute and chronic groups (acute vs subacute, Mann-
Whitney U test with Bonferroni correction, p=0.017; a = 0.05/3; sub-
acute vs chronic, Mann-Whitney U test with Bonferroni correction,
p=0.016; a = 0.05/3; Table 3).

Comparison of Amplitude and Latency of ABR Waves between
Male and Female Patients, According to Tinnitus Duration

An additional subgroup analysis was conducted to compare the ABR
results according to sex. No significant difference for variables related
to ABR was found between male and female patients of the acute
group (Figures 4 and 5). However, in the subacute group, there was
a significant difference between male and female patients in the ab-
solute latency of wave lll, absolute latency of wave V, IPL I-lll, and
IPL I-V. The absolute latencies of waves lll and V, IPL I-ll, and IPL I-V
of male patients were 3.7360.163 ms, 5.6350.210 ms, 2.2920.269 ms,
and 4.1920.310 ms, respectively. All four variables were significantly
higher in female patients (independent t-test or Mann-Whitney U
test, p<0.001, p<0.001, p<0.001, and p=0.001, respectively; Figures
6 and 7). There was no significant difference in the ABR variables,
except for wave V amplitude and absolute latency between male
and female patients during the chronic phase (independent t-test,
p=0.015). The amplitude of wave V was 0.355+0.148 uV for males
and 0.445+0.157 pV for females in this group (Mann-Whitney test,
p=0.003), whereas the absolute latency of wave V was 5.5640.220
ms for males and 5.4190.252 ms for females (Mann-Whitney U test,
p=0.003; Figures 8 and 9).

Table 1. Classification of groups according to tinnitus duration

Acute Subacute Chronic
(<1 month), (1-6 months), (>6 months),
n=20 n=283 n=74
Male Female Male  Female Male Female
Ears 5 15 34 49 30 44

Table 2. Absolute latency values according to tinnitus duration

Acute Subacute Chronic p
Wave | latency 1.409+0.167 1.420+0.200 1.442+0.159  0.303
Wave Il latency 3.572+0.156 3.647+0.169  3.650+0.211  0.285
Wave V latency 5.392+0.195 5.527+0.222  5.478+0.249 0.023

The values of wave | absolute latency did not show significant difference between the
three groups (Kruskal-Wallis test, p=0.303). The values of wave Ill absolute latency did
not show significant difference between the three groups (Kruskal-Wallis test, p=0.285).
There was a significant difference in the wave V latency between the acute and sub-
acute groups (Mann-Whitney U test with Bonferroni correction, p=0.014; a=0.05/3).

Table 3. IPL according to tinnitus duration

Acute Subacute Chronic p
IPL I-1ll (ms) 2.16x0.12 2.23%+0.21 2.21+0.20 0.171
IPLII-V (ms) 1.82+0.13 1.88+0.19 1.83£0.17 0.159
IPL I-V (ms) 3.98+0.20 4.11+0.27 4.04+0.24 0.013

IPL: interpeak latency

The IPL value of the subacute group was significantly higher than that of the acute and
chronic groups (acute vs subacute, Mann-Whitney U test with Bonferroni correction,
p=0.017; 0=0.05/3; subacute vs chronic, Mann-Whitney U test with Bonferroni correc-
tion, p=0.016; a=0.05/3).
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Figure 2. a, b. Amplitudes of waves | and V according to tinnitus duration. (a)
There was no significant difference in wave | amplitude between the three
tinnitus groups (Kruskal-Wallis test, p=0.888). (b) The amplitude of wave V
in the subacute group was significantly smaller than that of the acute group
(Mann-Whitney U test with Bonferroni correction, p=0.003).
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Figure 3. V/l ratio according to tinnitus duration. No significant difference in
the V/I ratio was found between the three groups.
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Figure 4. a-c. Comparison of waves | and V amplitudes and V/I ratio between male and female patients during the acute phase. (a-c) There was no significant dif-
ference in wave | amplitude, wave V amplitude, and V/I ratio between male and female patients (Mann-Whitney U test, p=0.148, p=0.126, p=0.965, respectively).
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Figure 5. a-f. Comparison of absolute values of waves |, lll, and V latencies and IPLs I-ll, [lI-V, and |-V between male and female patients during the acute phase.
(A-E) There was no significant difference in wave | latency, wave Ill latency, wave V latency, IPL I-lI, IPL 1=V, and IPL |-V between male and female patients

(p=0.758, p=0.759, p=0.096, p=0.630, p=0.253, p=0.861, respectively). IPL: interpeak latency
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Figure 6. a-c. Comparison of waves | and V amplitudes and V/I ratio between male and female patients during the subacute phase. (a-c) There was no significant
difference in wave | amplitude, wave V amplitude, and V/I ratio between male and female patients (p=0.781, p=0.160, p=0.752, respectively).
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phase. (a, e) There was no significant difference in wave | latency or IPL [lI-V (p=0.805 and p=0.420, respectively). (b-d, f) Wave Il latency, wave V latency, IPL I-IlI,
and IPL I-V values were lower in female than in male patients (p<0.001, p<0.001, p<0.001, p=0.001, respectively). IPL: interpeak latency

a b C
~y ~ Az 0001
2 35000y
“ e “
i 2 000
; s
3 : 3 8 X
e e 15000
| | ’
12 0004 "
b by l TR
50001 3 ;
o - p=0.097 o 3 *=0.015 ol % % p=0.680
SEX SEX SEX

Figure 8. a-c. Comparison of waves | and V amplitudes and V/I ratio between male and female patients during the chronic phase. (a, c) There was no significant
difference in wave | amplitude or V/I ratio between male and female patients (p=0.097 and p=0.680, respectively). (b) Wave V amplitude was higher in female

than in male patients (p=0.015).

DISCUSSION

Tinnitus refers to a condition in which sound is perceived without any
external auditory stimulation. Several studies have tried to elucidate
the mechanisms underlying tinnitus, and various models such as the
Jastreboff neurophysiological model, spontaneous auto-acoustic
emissions, and biochemical models have been suggested """,

To better understand tinnitus, ABR waves are often analyzed. Specif-
ically, their amplitudes and latencies are investigated. Some authors
have reported that the latencies of waves |, lll, and V and the prog-

nosis of wave IlI-V IPL were prolonged in patients with tinnitus 8.
In another study, wave | showed lower amplitude and significantly
higher latency in tinnitus cases .. Absolute values of waves |, Ill, and
V latencies in patients belonging to the tinnitus group were previ-
ously found to be higher than those in the control group 2. In ad-
dition, a case control study showed that patients with tinnitus with
normal hearing had reduced wave | amplitude, which was thought to
reflect a decreased activity of low spontaneous rate auditory nerve
fibers, and a normal or enhanced wave V amplitude, which was inter-
preted as a compensatory response to the diminished activity of the
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Figure 9. a-f. Comparison of absolute values of waves |, lll, and V latencies and IPLs I-ll, llI-V, and |-V between male and female patients during the chronic
phase. (a, b, d, f) There was no significant difference in wave | latency, wave lll latency, IPL I-lI, IPL llI-V, and IPL |-V between male and female patients (p=0.135,

p=0.094, p=0.623, p=0.056, and p=0.064, respectively). (c) Wave V latency was lower in female than in male patients (p=0.003). IPL: interpeak latency

auditory nerve "2, Conversely, no difference was reported in the
amplitudes of waves | and V or in the V/I ratio between a unilateral
tinnitus group and a group without tinnitus in both male and female
subjects with normal audiogram 223,

Hickox and Liberman 24 attempted to link synaptopathy to the de-
velopment of tinnitus in noise-exposed mice. The mice exposed to
loud noise displayed typical auditory nerve degeneration (based on
ribbon counts), reduced wave | amplitude/enhanced wave V ABR,
and subtle changes in tinnitus behavioral response that did not reach
significance.

In contrast, another study suggested that patients with bilateral tin-
nitus exhibited a shortening of wave lll latency on the right ear and
of wave V latency on the left ear 2,

Although various ABR test results have been reported in patients
with tinnitus, it is generally accepted that wave | latency increases
and amplitude decreases in the tinnitus group, in comparison with
healthy controls 121.26],

In this study, we analyzed ABR waveforms of patients with tinnitus.
To our knowledge, this is the first investigation of ABR waveforms in a
large number of patients with tinnitus, considering the tinnitus dura-
tion. Wave V amplitude of patients with tinnitus without hearing loss
was significantly lower during the subacute phase than during the
acute phase. Regarding latency, the values of wave V latency and IPL
I-V were significantly higher during the subacute phase than during

the acute phase. In addition, although there was no statistical sig-
nificance, wave V amplitude and latency decreased and increased,
respectively, in the chronic phase compared with the variation seen
in amplitude and latency in acute phase. The reduction in wave V
amplitude and prolongation of wave V latency after the acute phase
might be due to the remarkable decrease of compensatory nerve fir-
ing observed after 1 month of tinnitus.

Furthermore, sex is one of the factors affecting ABR. As previously
shown, females present shorter latency and larger amplitude than
males 27:28, This is primarily due to the smaller head size and hor-
monal effects in females .. In our study, most amplitude parameters
showed higher values in the female subjects of each group, although
there were significant differences in the absolute latencies of waves
I'and IlI, IPL I-1ll, and IPL -V during the subacute phase. These find-
ings indicate that the difference in ABR between males and females
seems to be maintained, regardless of the duration of tinnitus.

This study has several limitations. First, there were no comparable
age- and sex-matched control groups, and the cases were not ob-
served serially because of the retrospective nature of the study.
Moreover, we did not thoroughly analyze factors that may be associ-
ated with ABR, noise exposure, age, and the condition of the middle
ear. It is noteworthy that tinnitus itself has a definite pitch. Therefore,
tinnitus pitch—-matched (frequency-specific) ABR could be useful to
identify auditory neuropathy in patients with tinnitus with normal
hearing. However, this is difficult to assess in clinical practice. Hence,
we evaluated click sound-evoked ABR in this study. Furthermore,
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although electrocochleography (ECochG) is nowadays widely used
to evaluate the distal cochlear nerve, ECochG results were not pre-
sented in this work 2% 24, Finally, based on the definition of hearing
loss adopted in this study, a hearing ability over 8,000 Hz was not
considered, and hearing impairments at higher frequencies were not
confirmed.

The mechanisms of tinnitus development are still unclear, and the ef-
fectiveness of available treatments is ambiguous. More case control
studies are needed to better understand the underlying processes
of tinnitus. This will ultimately result in more effective treatment op-
tions for the future.

CONCLUSION

Our study analyzed ABR waveforms in a relatively large number of
patients with tinnitus with normal hearing, according to the dura-
tion of tinnitus. After 1 month of tinnitus, wave V amplitude, wave
V latency, and IPL |-V values were significantly changed, suggesting
a compensatory response. Therefore, it is important to implement
early diagnosis and treatment. Moreover, female patients maintain a
shorter latency and larger amplitude, independent of the duration of
tinnitus. Further studies are required to analyze tinnitus mechanisms
and better understand its natural progression.

Ethics Committee Approval: Ethics committee approval was received for this
study from the Ethics Committee of Korea University Ansan Hospital (IRB No:
2018AS0211).

Informed Consent: Informed consent is not necessary due to the retrospec-
tive nature of this study.

Peer-review: Externally peer-reviewed.

Authors Contributions: Conception: JW.J,, J.C; Design: JW.J,, Y.J.Y.,, MS.H,;
Supervision: JW.J,, Y.S.C,, J.C; Resources: JW.J, Y.CR, J.C; Materials: JW.J,,
J.C,; Data Collection and/or Processing: J.W.J., Y.J.Y,, M.S.H.; Data analysis and/
or Interpretation: JW.J,, YJ.J., MS.H., Y.5.C, Y.C.R, J.C; Literature Search: JW.J.,
Y.J.J,, M.S.H,; Drafting of the Manuscript: J.W.J., J.C;; Critical Revision: JW.J., J.C.

Conflict of Interest: The authors have no conflict of interest to declare.

Financial Disclosure: This research was supported by Korea University Ansan
Hospital Grant.

REFERENCES

1. Jastreboff PJ. Phantom auditory perception (tinnitus): mechanisms of
generation and perception. Neurosci Res 1990; 8: 221-54. [Crossref]

2. Negrila-Mezei A, Enache R, Sarafoleanu C. Tinnitus in elderly population:
clinic correlations and impact upon QoL. J Med Life 2011; 4: 412-6.

3. Nondahl DM, Cruickshanks KJ, Dalton DS, Klein BE, Klein R, Schubert CR,
et al. The impact of tinnitus on quality of life in older adults. J Am Acad
Audiol 2007; 18: 257-66. [Crossref]

4. Jewett DL, Williston JS. Auditory-evoked far fields averaged from the
scalp of humans. Brain 1971; 94: 681-96. [Crossref]

5. Kotlarz JP, Eby TL, Borton TE. Analysis of the efficiency of retrocochlear
screening. Laryngoscope 1992; 102: 1108-12. [Crossref]

6. RupaV, Job A, George M, Rajshekhar V. Cost-effective initial screening for
vestibular schwannoma: auditory brainstem response or magnetic reso-
nance imaging? Otolaryngol Head Neck Surg 2003; 128: 823-8. [Crossref]

7. Starr A, Picton TW, Sininger Y, Hood LJ, Berlin Cl. Auditory neuropathy.
Brain 1996; 119: 741-53. [Crossref]

21.

22.

23.

24,

25.

26.

27.

28.

29.

Starr A, Hamilton AE. Correlation between confirmed sites of neurolog-
ical lesions and abnormalities of far-field auditory brainstem responses.
Electroencephalogr Clin Neurophysiol 1976; 41: 595-608. [Crossref]
Martin WH, Pratt H, Schwegler JW. The origin of the human auditory
brain-stem response wave II. Electroencephalogr Clin Neurophysiol
1995; 96: 357-70. [Crossref]

Ruth RA, Lambert PR. Auditory evoked potentials. Otolaryngol Clin
North Am 1991; 24: 349-70.

Gu JW, Herrmann BS, Levine RA, Melcher JR. Brainstem auditory evoked
potentials suggest a role for the ventral cochlear nucleus in tinnitus. J
Assoc Res Otolaryngol 2012; 13: 819-33. [Crossref]

Wallhausser-Franke E, D’Amelio R, Glauner A, Delb W, Servais JJ, Hor-
mann K, et al. Transition from acute to chronic tinnitus: predictors for
the development of chronic distressing tinnitus. Front Neurol 2017; 8:
605. [Crossref]

Ding X, Zhang X, Huang Z, Feng X. The Characteristic and Short-Term
Prognosis of Tinnitus Associated with Sudden Sensorineural Hearing
Loss. Neural Plast 2018; 2018:6059697. [Crossref]

Formanek M, Migalova P, Krulova P, Bar M, Janc¢atova D, Zakopcanova-
Srovnalova H, et al. Combined transcranial magnetic stimulation in
the treatment of chronic tinnitus. Ann Clin Transl Neurol 2018; 5: 857-
64. [Crossref]

Simonetti P, Vasconcelos LG, Oiticica J. Effect of Fractal Tones on the Im-
provement of Tinnitus Handicap Inventory Functional Scores among
Chronic Tinnitus Patients: An Open-label Pilot Study. Int Arch Otorhino-
laryngol 2018; 22: 387-94. [Crossref]

Wu V, Cooke B, Eitutis S, Simpson MT, Beyea JA. Approach to tinnitus
management. Can Fam Physician 2018; 64: 491-5.

Baguley DM. Mechanisms of tinnitus. Br Med Bull 2002; 63: 195-212.
[Crossref]

Ikner CL, Hassen AH. The effect of tinnitus on ABR latencies. Ear Hear
1990; 11: 16-20. [Crossref]

Lemaire MC, Beutter P. Brainstem auditory evoked responses in patients
with tinnitus. Audiology 1995; 34: 287-300. [Crossref]

Kehrle HM, Granjeiro RC, Sampaio AL, Bezerra R, Aimeida VF, Oliveira CA.
Comparison of auditory brainstem response results in normal-hearing
patients with and without tinnitus. Arch Otolaryngol Head Neck Surg
2008; 134: 647-51. [Crossref]

Schaette R, McAlpine D. Tinnitus with a normal audiogram: physiological
evidence for hidden hearing loss and computational model. J Neurosci
2011; 31: 13452-7. [Crossref]

Shim HJ, An YH, Kim DH, Yoon JE, Yoon JH. Comparisons of audito-
ry brainstem response and sound level tolerance in tinnitus ears and
non-tinnitus ears in unilateral tinnitus patients with normal audiograms.
PLoS One 2017; 12: €0189157. [Crossref]

Konadath S, Manjula P. Auditory brainstem response and late latency re-
sponse in individuals with tinnitus having normal hearing. Intractable
Rare Dis Res 2016; 5: 262-8. [Crossref]

Hickox AE, Liberman MC. Is noise-induced cochlear neuropathy key to
the generation of hyperacusis or tinnitus? J Neurophysiol 2014; 111: 552-
64. [Crossref]

Song K, Shin SA, Chang DS, Lee HY. Audiometric Profiles in Patients with
Normal Hearing and Bilateral or Unilateral Tinnitus. Otol Neurotol 2018;
39: e416-e21. [Crossref]

Milloy V, Fournier P, Benoit D, Norefia A, Koravand A. Auditory Brainstem
Responses in Tinnitus: A Review of Who, How, and What? Front Aging
Neurosci 2017; 9: 237. [Crossref]

Jerger J, Hall J. Effects of age and sex on auditory brainstem response.
Arch Otolaryngol 1980; 106: 387-91. [Crossref]

Hultcrantz M, Simonoska R, Stenberg AE. Estrogen and hearing: a summary
of recent investigations. Acta Otolaryngol 2006; 126: 10-4. [Crossref]
Dehan CP, Jerger J. Analysis of gender differences in the auditory brain-
stem response. Laryngoscope 1990; 100: 18-24. [Crossref]


https://doi.org/10.1016/0168-0102(90)90031-9
https://doi.org/10.3766/jaaa.18.3.7
https://doi.org/10.1093/brain/94.4.681
https://doi.org/10.1288/00005537-199210000-00004
https://doi.org/10.1016/S0194-5998(03)00358-9
https://doi.org/10.1093/brain/119.3.741
https://doi.org/10.1016/0013-4694(76)90005-5
https://doi.org/10.1016/0168-5597(94)00326-A
https://doi.org/10.1007/s10162-012-0344-1
https://doi.org/10.3389/fneur.2017.00605
https://doi.org/10.1155/2018/6059697
https://doi.org/10.1002/acn3.587
https://doi.org/10.1055/s-0038-1635575
https://doi.org/10.1093/bmb/63.1.195
https://doi.org/10.1097/00003446-199002000-00005
https://doi.org/10.3109/00206099509071919
https://doi.org/10.1001/archotol.134.6.647
https://doi.org/10.1523/JNEUROSCI.2156-11.2011
https://doi.org/10.1371/journal.pone.0189157
https://doi.org/10.5582/irdr.2016.01053
https://doi.org/10.1152/jn.00184.2013
https://doi.org/10.1097/MAO.0000000000001849
https://doi.org/10.3389/fnagi.2017.00237
https://doi.org/10.1001/archotol.1980.00790310011003
https://doi.org/10.1080/00016480510038617
https://doi.org/10.1288/00005537-199001000-00005



