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ABSTRACT
Introduction: Tinnitus is often associated with hearing loss, but it may occur in patients with normal hearing. However, 
normal hearing thresholds do not exclude cochlear damage.Tinnitus may be initiated by abnormal activity from the 
peripheral auditory system, but its progress and maintenance is due to the central nervous system involvement. For that 
reason, Auditory Brainstem Response (ABR) may contribute to clarify the origin of tinnitus. 
Aim: The aim of this study is to evaluate the ABR waveform amplitude and latencies in tinnitus patients with normal 
hearing to explore the origin of tinnitus.
Results: Auditory brainstem response, recorded using ipsilateral rarefaction click stimuli at 80 dBnHL in 10 normal 
hearing tinnitus adult patients and 10 matching controls, showed that Wave I amplitude was significantly reduced in 
the study group when compared to control group. The V/I amplitude ratio was significantly higher in the study group 
compared to control group. The absolute latency of wave I was significantly increased in the study group compared to 
control group. Interpeak I-V latency was significantly decreased in the study group compared to control group.
Conclusion: Tinnitus sufferers with normal audiometric thresholds might show ABR amplitude changes indicative of 
cochlear synaptopathy (reduced wave I amplitude) and compensated central responses (no reduction in wave V amplitude). 
The increased responsiveness of central regions might lead to tinnitus generation secondry to increased spontaneous 
activity.
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INTRODUCTION                                                                 

Tinnitus is the experience of sound sensation which is 
not related to any external source of stimulation or noise.  
It is a disturbing symptom that is often a main reason for 
referral to an otology clinic.[1] Tinnitus is most common 
between 40 and 70 years of age, and occasionally occurs 
in children.[2]

Tinnitus severity varies from an occasional  noise in 
ears, to an intolerable sound that pushes some subjects 
to contemplate suicide.[3] Severe tinnitus is extremely 
disturbing because it impairs concentration and hearing 
and disrupts everyday activities and sleep.[4]

Tinnitus pathophysiology remains unclear. For many 
years, the ear was assumed to be the anatomical location 
for tinnitus but it is now evident that the tinnitus may be 
initiated by abnormal activity from the peripheral auditory 
system, however, its progress and maintenance is due to 
the central nervous system (CNS) involvement. Tinnitus 

is thought to result from hyperactivity and neuroplastic 
reorganization of cortical and subcortical auditory as well 
as non-auditory networks.[5,6]

The sensation of tinnitus may be associated with 
perceptual impairments at various levels of the auditory 
processing. Therefore auditory brainstem response (ABR) 
can be used in evaluating tinnitus patients for its objectivity 
in assessing the cochlear nerve and the auditory brainstem 
pathways.[7] Some ABR findings were considered indices 
of central tinnitus. These indices included: abnormal 
morphology of ABR waveform and/or prolonged 
transmission time. Absolute and interpeak latencies (IPLs) 
of wave I, III, V and interaural latency difference of 
wave V could be prolonged.8 For that reason, ABR may 
contribute to clarify the origin of tinnitus. The aim of the 
current study is to evaluate the ABR waveform amplitude 
and latencies of tinnitus patients with normal hearing to 
explore the origin of tinnitus.



2

AUDITORY BRAINSTEM RESPONSE IN NORMAL HEARING TINNITUS PATIENTS

PATIENTS AND METHODS:                                                                               

2.1. Subjects  

Subjects were classified into two groups:

Study group: Consisted of 10 adults complaining of 
bilateral tinnitus. All subjects had bilateral normal peripheral 
hearing in the frequency range of 250-8000 Hz including 
3 and 6 kHz. This was defined as hearing threshold level 
equal to or below 25 dBHL and bilateral normal middle 
ear functions. The exclusion criteria were age more than 
60 years, hearing loss, disorders of the middle ear, history 
of psychological or neurological problems, history of neck 
problems and history of previous ototoxic medication.

Control group: consisted of 10 adults with bilateral 
normal peripheral hearing in the frequency range of 250-
8000 Hz including 3 and 6 kHz. All subjects had bilateral 
normal middle ear pressure. They were age and sex 
matched to the study group. 

2.2. Methods

An informed consent was taken from each patient. All 
subjects were subjected to complete history taking, otoscopy 
to ensure normal external auditory canal, tympanometry to 
check the middle ear pressure and compliance and speech 
audiometry to exclude ANSD.

Assessment of pure tone audiometry were done using 
Madsen Itera II audiometer (Otometrics, Denmark). Air 
conduction was done for the frequency range of 250-8000 
Hz. Frequencies of 3 and 6 kHz were also tested to exclude 
audiograms with minor dips at those frequencies. Bone 
conduction audiometry was done for the frequency range 
of 250-4000 Hz. 

ABR was done for all patients using Intelligent Hearing 
System (IHS, USA). ABR was recorded ipsilaterally 
with the positive recording electrode on the forehead, 
the reference electrode on the ipsilateral mastoid and the 
ground electrode on the contralateral mastoid. Rarefaction 
click stimuli were presented at 80 dBnHL, at a rate of 
21.1/sec, through TDH-49p headphones. A total number 
of 1000 sweeps were obtained and a low pass filter with 
cut off frequency 3000 Hz and a high pass filter with cut 
off frequency 100 Hz were used.ABR waveforms were 
analyzed regarding wave I and V amplitudes, the absolute 
latencies of wave I, III and V and interpeak latencies of 
wave I-III, III-V and I-V .

2.3. Statistical measures: 

Data were analyzed using IBM SPSS software 
package version 20.0. The Kolmogorov-Smirnov test was 
used to verify the normality of distribution. Significance 
of the obtained results was judged at the 5% level.                                    
P-values ≤ 0.05 were considered statistically significant.

For demographic data we used Chi-square test for 
categorical variables, Fisher’s Exact or Monte Carlo 
correction as a correction for chi-square when more than 
20% of the cells have expected count less than 5. We 
used Student t-test for normally distributed quantitative 
variables, to compare pure tone audiometry thresholds, 
absolute latencies of wave I, III and V and IPLs I-III, III-V 
and I-V between the two studied groups. 

For comparing wave I, V amplitudes and V/I amplitude 
ratio between the tinnitus and control groups we used 
Mann Whitney test for abnormally distributed quantitative 
variables, to compare between the two studied groups.

RESULTS:                                                                          

Twenty subjects were examined. They were divided into 
two main groups. The study group consisted of 10 patients 
(4 males and 6 females). Age ranged from 24.0-44.40 
years with a mean of 33.69 ± 6.02 years. All subjects had 
chronic bilateral tinnitus with bilateral normal peripheral 
hearing, including 3 and 6 kHz of pure tone audiometry. 
Tympanometery and speech discrimination scores were 
normal in all subjects. The control group consisted of 10 
subjects with normal hearing. They were 3 males and 7 
females. Their age ranged from 27.20-49.20 years with the 
mean of 33.36 ± 6.63 years. 

Comparing the thresholds of pure tone audiometry 
across the frequency range 250-8000 Hz revealed no 
significant difference between the two groups. Figure 
(1) shows the mean and standard deviation of pure tone 
audiometric thresholds across the tested frequency range 
in the two studied groups.

Fig. 1: Average pure tone audiograms of the two studied groups.

Comparing the right and left ears regarding wave I 
and V amplitudes and V/I amplitude ratio in each group, 
revealed no significant differences in either group (Table 1). 
Similarly, comparing wave I, III and V absolute latencies 
and IPLs of I-III, III-V and I-V in each group, revealed 
no significant differences between right and left ears                                                                                                        
(Table 2). The results from right and left ears were summed 
(20 ears) in each group for the subsequent analysis. 
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Table 1: Comparison of the right and left ears amplitude of wave I and V and V/I amplitude ratio in each group 

pZLeftRightAmplitude (μV)

0.7670.296
0.04 – 0.14
0.06 ± 0.03

0.05

0.02 – 0.18
0.07 ± 0.05

0.07

I
Min. – Max.
Mean ± SD.

Median

C
as

es
 (n

 =
 1

0)

0.3580.919
0.21 – 0.69
0.45 ± 0.16

0.45

0.14 – 0.65
0.40 ± 0.17

0.40

V
Min. – Max.
Mean ± SD.

Median

0.4450.764
3.27 – 24.65
8.71 ± 6.28

6.57

2.44 – 40.75
13.49 ± 12.66

8.13

V/I
Min. – Max.
Mean ± SD.

Median

0.4450.764
0.08 – 0.38
0.23 ± 0.09

0.21

0.06 – 0.46
0.27 ± 0.13

0.25

I
Min. – Max.
Mean ± SD.

Median

C
on

tro
l (

n 
= 

10
)

0.8380.204
0.14 – 0.50
0.35 ± 0.10

0.34

0.11 – 0.53
0.35 ± 0.12

0.36

V
Min. – Max.
Mean ± SD.

Median

0.3330.968
1.0 – 2.50

1.75 ± 0.52
1.74

0.85 – 2.70
1.57 ± 0.55

1.49

V/I
Min. – Max.
Mean ± SD.

Median

Z, p: Z and p values for Wilcoxon signed ranks test for comparing between right and left 

Table 2: Comparison of the right and left ears wave I, III and V absolute latencies and IPLs of I-III, III-V and I-V in each group

ptLeftRightLatency (msec)

0.9630.048
1.6 – 2.08

1.83 ± 0.15
1.83

1.64 – 2.08
1.83 ± 0.13

1.83

I
Min. – Max.
Mean ± SD.

Median

C
as

es
 (n

 =
 1

0)

0.9740.033
3.73 – 4.15
3.90 ± 0.17

3.87

3.68 – 4.20
3.91 ± 0.19

3.84

III
Min. – Max.
Mean ± SD.

Median

0.1141.748
5.5 – 6.30

5.80 ± 0.25
5.77

5.49 – 6.30
5.77 ± 0.27

5.73

V
Min. – Max.
Mean ± SD.

Median

0.8730.164
1.8 – 2.55 

2.08 ± 0.22
2.06

1.82 – 2.57
2.08 ± 0.23

2.04

I-III
Min. – Max.
Mean ± SD.

Median

0.1071.791
1.69 – 2.15
1.90 ± 0.14

1.91

1.7 – 2.15
1.87 ± 0.13

1.85

III-V
Min. – Max.
Mean ± SD.

Median

0.3930.896
3.50 – 4.70
3.98 ± 0.33

3.89

3.58 – 4.50
3.94 ± 0.31

3.90

I-V
Min. – Max.
Mean ± SD.

Median
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0.1001.831
1.58 – 1.90
1.70 ± 0.11

1.70

1.58 – 1.90
1.67 ± 0.10

1.65

I
Min. – Max.
Mean ± SD.

Median

C
on

tro
l (

n 
= 

10
)

0.2001.382
3.65 – 4.08
3.88 ± 0.15

3.89

3.63 – 4.0
3.86 ± 0.13

3.89

III
Min. – Max.
Mean ± SD.

Median

0.3431.00
5.55 – 6.0

5.81 ± 0.16
5.84

5.55 – 6.0
5.81 ± 0.16

5.84

V
Min. – Max.
Mean ± SD.

Median

0.5190.672
1.95 – 2.40
2.17 ± 0.16

2.19

1.98 – 2.40
2.19 ± 0.14

2.23

I-III
Min. – Max.
Mean ± SD.

Median

0.4080.868
1.8 – 2.13

1.94 ± 0.10
1.94

1.8 – 2.13
1.96 ± 0.11

1.96

III-V
Min. – Max.
Mean ± SD.

Median

0.1351.642
3.90 – 4.32
4.11 ± 0.14

4.13

3.95 – 4.35
4.14 ± 0.14

4.13

I-V
Min. – Max.
Mean ± SD.

Median

t, p: t and p values for Paired t-test for comparing between right and left  

The amplitudes of wave I, V and V/I amplitude ratio 
were calculated and compared between the two studied 
groups using Mann Whitney test. The amplitude of wave 
I was found to be significantly reduced in the study group. 

There was no significant difference in the amplitude 
of wave V between the two groups. The V/I ratio was 
significantly increased in the study group (Table 3). 

Table 3: Comparison of the amplitude of wave I ,V and V/I ratio in the two studied groups. 

pUControl (n = 20)Cases (n = 20)Amplitude (μV)

<0.001*20.00*
0.06 – 0.46
0.25± 0.11

0.24

0.02 – 0.18
0.07± 0.04

0.06

I
Min. – Max.
Mean ± SD.

Median

0.133144.50
0.11 – 0.53
0.35± 0.11

0.34

0.14 – 0.69
0.42± 0.16

0.44

V
Min. – Max.
Mean ± SD.

Median

<0.001*2.00*
0.85 – 2.70
1.66± 0.53

1.53

2.44 – 40.75
11.10±10.03

6.82

V/I
Min. – Max.
Mean ± SD.

Median

U, p: U and p values for Mann Whitney test for comparing between the two groups
*: Statistically significant at p ≤ 0.05 

Applying student t-test to compare the absolute latencies 
of wave I, III and V and IPLs I-III, III-V and I-V between 
the study group and control group revealed significant 
difference in the absolute latency of wave I which was 
increased significantly in the study group. The IPL of I-V 

was significantly decreased in the study group. There was 
no significant difference between the two studied groups in 
the absolute latencies of wave III and V nor the I-III and 
III-V IPLs (Table 4). 
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Table 4: Comparison of latency in the two studied groups.

ptControl (n = 20)Cases (n = 20)Latency (msec)
I

0.001*3.722*1.58 – 1.901.60 – 2.08Min. – Max.
1.69± 0.101.83± 0.14Mean ± SD.

1.681.83Median
III

0.4400.7813.63 – 4.083.68 – 4.20Min. – Max.
3.87± 0.143.90± 0.18Mean ± SD.

3.893.87Median
V

0.7050.3825.55 – 6.05.49 – 6.30Min. – Max.
5.81± 0.165.79± 0.26Mean ± SD.

5.845.75Median
I-III

0.0911.7311.95 – 2.401.80 – 2.57Min. – Max.
2.18± 0.152.08± 0.22Mean ± SD.

2.202.04Median
III-V

0.0871.7571.80 – 2.131.69 – 2.15Min. – Max.
1.95± 0.101.88± 0.13Mean ± SD.

1.951.88Median
I-V

0.041*2.149*3.90 – 4.353.50 – 4.70Min. – Max.
4.12± 0.143.96± 0.31Mean ± SD.

4.133.89Median
t, p: t and p values for Student t-test for comparing between the two groups
*: Statistically significant at p ≤ 0.05

DISCUSSION                                                                  

Tinnitus pathophysiology is still not clear, although, 
various origins and mechanism have been described in 
the literature.[9] Multiple mechanisms may be present 
in a single individual with tinnitus.[10] Generally, 
sensory neural hearing loss (SNHL) has a major role 
as an initiating event that triggers neurophysiological 
processes, which are perceived as tinnitus.[11] On the 
other hand, it is also known that some tinnitus patients 
do not show any hearing loss in the conventional 
audiograms.[12,13]

The two studied groups had normal peripheral 
hearing by conventional audiometry. There was no 
significant difference in the thresholds of pure tone 
audiometry across the frequency range 250-8000 Hz 
including 3000 and 6000 Hz. It has been argued that a 
normal pure tone audiogram does not exclude cochlear 
damage. Tinnitus patients with normal audiograms 
had higher incidence of outer hair cell damage and 
impaired hearing thresholds in the extended HF region 
as compared to control groups.[14]

In the current study, ABR wave amplitudes in both 
ears were compared between the study group and 
the control group. Significantly reduced amplitudes 
of wave I were found in the study group. Lemaire 
and Beutter also reported reduced wave I and III 
amplitudes in normal hearing tinnitus patients.[15] 
Schaette and McAlpine and Gu et al. showed similar 
results of reduced wave I amplitudes at high levels  
(80-90 dBSPL) in tinnitus patients with normal hearing 
compared to matched non tinnitus controls.[16,17]

Kujawa and Liberman found that the amplitude 
of ABR wave I of mice significantly decreased 
at moderately- high levels (above 70 dB) up to 2 
months following noise exposure even when auditory 
thresholds were recovered to normal.[18] In addition, 
damage to the synaptic ribbons of inner hair cells 
and spiral ganglion cells were found, suggesting 
that reduced wave I amplitude may be indicative 
of auditory nerve (AN) deafferenation. The term 
“cochlear synaptopathy” was suggested to describe 
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damage at the cochlear synapse without the loss of 
hair cells resulting in “hidden hearing loss”, without 
elevation of the audiometric thresholds.[19,20]

ABR wave amplitude may be altered by the 
number of neural components activated by sound 
and the level of synchronization between them. The 
reduction in amplitude of wave I noted previously at 
high intensities might indicate loss of neural fibers as 
well as a decrease of synchronization.[15]

There was no significant difference in amplitude of 
wave V between the two studied groups in the current 
study. Similarly, Schaette and McAlpine found no 
significant difference in wave V amplitude in normal 
hearing tinnitus patients and suggested that the normal 
wave V amplitude, despite a reduction in wave I, is 
due to increased neural responsiveness of the central 
auditory system to compensate for the reduced activity 
of the AN.[16] Schaette and McAlpine demonstrated 
a deficit in AN function in subjects with tinnitus and 
apparently normal hearing. This was demonstrated 
as a reduction in nerve output at high sound levels, 
indicating deafferentation of high threshold nerve 
fibers. This deficit appeared to be compensated for 
at the level of the brainstem. This finding supported 
the view that tinnitus was promoted by homeostatic 
mechanisms which acted to normalize levels of neural 
activity in the central auditory system.[16]

Gu et al. found higher wave V amplitudes in normal 
hearing tinnitus patients but it was suggested that the 
increased amplitude of wave V is an artifact from the 
use of a lower frequency filter cutoff.[17]

On the other hand the study of Barnea et al. 
reported normal ABR amplitudes in tinnitus subjects 
with normal audiograms, compared to clinical norms 
but not with a closely matched control group, which 
might not be suitable for detecting subtle ABR 
abnormalities.[1]

 In the current study the amplitude ratio of V/I was 
significantly higher in the study group compared to the 
control group mainly due to the significantly reduced 
wave I amplitude. Nemati et al. reported significant 
enhancement in V/I amplitude ratio in normal hearing 
tinnitus patients.[21] Kehrle et al., compared tinnitus and 
non tinnitus subjects with clinically normal thresholds 
and reported an enhanced V/I amplitude ratio in 
tinnitus subjects.[22] While they did not report whether 
the enhanced amplitude ratio was due to a reduction in 
wave I, an elevation in wave V or a mixture of both. 
The report of Schaette and McAlpine indicated that 
reduced wave I was a factor.[16] 

In summary, changes in wave I might indicate 
peripheral damage and the following wave 
modifications might reflect central compensation 
mechanisms such as increased higher neural synchrony 
in tinnitus. Based on the previous findings, tinnitus 
sufferers with normal audiometric thresholds might 
show ABR amplitude changes indicative of cochlear 
synaptopathy (reduced wave I) and compensated 
central responses (normal or elevated wave V). The 
increased responsiveness of central regions might 
lead to tinnitus generation secondry to increased 
spontaneous activity. 

Based on computational models of tinnitus 
development, it was hypothesized that deafferentation 
of a substantial fraction of the AN fibers could trigger 
the development of a neural correlate of tinnitus in 
central auditory structures in the form of homeostatic 
plasticity effectively amplifying spontaneous neural 
activity and increasing  the central neural gain leading 
to the perception of tinnitus. However, it remains 
unclear where in the auditory system tinnitus is first 
generated, as presumed neural correlates have been 
observed at all stages of the central pathways.[18]

Comparing the absolute latencies of wave I, III and 
V and IPLs I-III, III-V and I-V between the two studied 
groups, the absolute latency of wave I was found to be 
significantly increased in the study group and I-V IPL 
was found to be significantly decreased in the study 
group. There was no significant difference between the 
two studied groups in the absolute latencies of wave 
III and V nor in IPLs I-III and III-V. 

Ikner and Hassen reported longer wave I, III, V 
and III-V IPL in normal hearing tinnitus patients.[23] 
Kehrle et al. also reported longer wave I, III, V and 
III-V in normal hearing tinnitus patients.[22] Rosenhall 
and Axelsson reported longer wave I, III and V in 
normal hearing tinnitus patients.[24] Cartocci et al. 
reported longer wave V and III-V IPL in normal 
hearing tinnitus patients.[25] Those authors showed 
two patterns of abnormalities. The first pattern was a 
prolongation of wave I accompanied by a prolongation 
of wave III and V, with normal IPLs, a finding which 
is consistent with a lesion in the peripheral auditory 
system.[26] The other is a lengthening of the IPLs 
reflecting an increased neural conduction time in the                                                                                                     
brainstem.[26] Alternatively, Singh et al. reported 
longer wave I, shorter wave V, shorter I-V IPL in 
normal hearing tinnitus patients.[27] Shortening of 
wave V latency was interpreted as hyperactivity in the 
ascending auditory pathway.[27]

On the other hand several studies found no latency 
differences in normal hearing tinnitus patients.[1,28-32] 
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Some researchers attributed the absence of significant 
latency differences of ABR components to the type 
of stimuli used in recording these responses. They 
proposed that click stimuli may cause masking effect 
on abnormal spontaneous activity of auditory nerve 
centers and pathways, leading to absolute and IPLs 
similar to normal subjects.[22,31]

The prolongation of wave I occurs in ears with 
cochlear hearing loss and has been reported since 
1977.[33] Tinnitus patients included in the current study 
with hearing thresholds in the clinically normal range 
showing prolongation of wave I, may indicate hair cell 
damage[34], suggesting that hearing impairment may be 
present. They may possibly have SNHL at frequencies 
greater than the 8000 Hz not tested by the conventional 
audiometry.[35] Thus conventional audiogram might 
not be sufficiently sensitive for assessing cochlear 
function. It is also likely that the prolonged latency 
reflects slow synaptic processes in the organ of Corti 
or decreased neural conduction velocity in the first 
auditory neuron.[22] 

In animal studies, mice subjected to mild acoustic 
trauma displayed a temporary shift in hearing 
thresholds but a permanent deafferentation of some 
50–60% of the AN fibers in the high frequency region 
of the cochlea. This suggests that noise induced 
deafferentation mainly affects high threshold AN fibers, 
while sufficient numbers of low threshold AN fibers 
remain responsive to sound.[18] Although this hidden 
hearing loss may not be measurable by conventional 
pure tone audiometry, it may have consequences for 
the coding of sounds at moderate and high levels. 

Additionally, demonstration of normal hearing 
thresholds do not necessarily exclude absence of 
cochlear damage since normal hearing thresholds can 
be accompanied by impaired function of efferent fibers 
that project from the brainstem to the cochlea.[36-39]

CONCLUSION                                                             

Tinnitus patients with normal hearing may have 
hidden hearing loss that was not yet visible on the 
audiogram. This hidden hearing loss enhance the 
central auditory structural changes which in turn 
progress and maintain the tinnitus perception. ABR 
should be included in tinnitus evaluation test battery. 
It might show amplitude changes indicative of 
cochlear synaptopathy (reduced wave I amplitude) 
and compensated central responses. The altered 
responsiveness of central regions might lead to tinnitus 
generation secondry to increased spontaneous activity.
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LIST OF ABBREVIATIONS:                                          

ABR          Auditory Brainstem Response 

AN            Auditory Nerve

dB            Decibel

CNS          Central Nervous System 

IPL            Interpeak Latencies 

kHz           Kilo Hertz

nHL          Normalized Hearing Level 

SNHL       Sensory Neural Hearing Loss 

SPL          Sound Pressure Level
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