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Abstract: In patients with unilateral tinnitus with normal hearing, several studies have compared 

the ipsilateral and contralateral ears; however, few studies have investigated its relationship with 

the duration of tinnitus. We compared the auditory brainstem response and otoacoustic emission 

parameters between ipsilateral and contralateral ears in adults with unilateral tinnitus and normal 

hearing. This retrospective review included 84 patients with unilateral tinnitus and normal hearing 

who underwent auditory brainstem response and otoacoustic emission; they were categorized ac-

cording to the duration of tinnitus. The latencies and amplitudes of waves I, III, and V, and V/I ratio 

of both ears in auditory brainstem response, and the results of distortion-product otoacoustic emis-

sion and transient evoked otoacoustic emission were examined. The auditory brainstem response 

parameters, distortion-product otoacoustic emission parameters, and transient evoked otoacoustic 

emission parameters between the ipsilateral and contralateral ears along the duration of tinnitus 

were analyzed. Moreover, the failure rates of both distortion-product otoacoustic emission and tran-

sient evoked otoacoustic emission between the ears along with the duration and the effects of the 

variables on the amplitude and latency of each wave were examined. Although there was little sig-

nificant difference between the ipsilateral and contralateral ears, laterality seemed to have an effect 

on wave I latency in the multiple linear regression analysis. The distortion-product otoacoustic 

emission failure rate of the ipsilateral ear was higher than that of the contralateral ear in all patients. 

However, there was no remarkable difference between the ears in the distortion-product otoacoustic 

emission and transient evoked otoacoustic emission parameters throughout the duration. We found 

that outer hair cells and the distal portion of the cochlear nerve are possible pathologic lesions in 

tinnitus with normal hearing and cochlear synaptopathy could be suspected. Further studies, in-

cluding those on inner hair cells and higher central cortex, are needed. 

Keywords:  tinnitus; normal hearing; Evoked potentials; auditory; brain stem; otoacoustic emis-

sion  

 

1. Introduction 

Tinnitus is defined as a sound in the head or ears that occurs in the absence of any 

external source and is commonly observed in otolaryngology clinics. The prevalence of 

tinnitus is estimated to range from 5.1% to 42.7% [1].  

Although the pathophysiology of tinnitus is uncertain, it is known that abnormal ac-

tivity of the peripheral auditory system due to hearing loss or deafferentation causes neu-

roplastic changes in the central auditory pathway [2,3]. Principally, tinnitus can be di-

vided into two sub-types: peripheral tinnitus (cochlear tinnitus) and central tinnitus [3-6]. 

Peripheral tinnitus is defined as a tinnitus subtype originating from an aberrant activity 

generated at the peripheral level of the auditory system, that is, before (cochlea itself or 

cochlear synapse) or at the cochlear nerve level. The neural activity provoked by 
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peripheral tinnitus can be considered a signal activity produced by an acoustic stimulus. 

This signal activity initially increases in the distal portion of the cochlear nerve and then 

broadcasts to the auditory cortex [3]. Central tinnitus is defined as the neural activity that 

is generated in the auditory cortex in the absence of circumstances that cause peripheral 

tinnitus [3]. However, it should not be overlooked that this classification cannot accurately 

describe the location of all tinnitus. It is impossible to have a completely independent 

pathway for each tinnitus subtype; hence, an overlapping pathophysiology for both sub-

types should be considered [2,7]. Therefore, many auditory responses have been used to 

determine the location of tinnitus, and hence, auditory brainstem response (ABR) and oto-

acoustic emission (OAE) are widely utilized [2-4,8-18]. 

ABR is a test that evaluates the response of the auditory brainstem to auditory stimuli 

and is useful for detecting retrocochlear lesions, such as acoustic and vestibular schwan-

nomas [19]. The test consists of various waves, of which waves I, III, and V are the most 

clinically significant and are generated in the distal portion of the auditory nerve, cochlear 

nucleus, and nuclei in the lateral lemniscus and inferior colliculus, respectively [4,20]. The 

ABR of tinnitus patients with normal audiograms has been used to evaluate the origin of 

tinnitus. It was reported that the amplitude of wave I decreased significantly; however, 

the amplitude of wave V was recovered to normal levels in tinnitus patients with normal 

hearing to compensate for the wave I response [2,13,14]. 

The OAE is a propagation of the auditory signal into the external auditory canal from 

the cochlea, passing through the ossicular chain and tympanum. OAE is associated with 

the function of outer hair cells, and the presence of an OAE response is a reliable indicator 

of cochlear function [16-18]. Therefore, it can be a potential indicator of peripheral audi-

tory responses in patients with tinnitus. 

We hypothesized that the confirmatory auditory responses, such as ABR and OAE, 

can differ between tinnitus ears (ipsilateral ear) and non-tinnitus ears (contralateral ear) 

in patients with unilateral tinnitus with normal hearing, and that these differences can 

vary depending on the duration of tinnitus and the strength of the ABR stimulus. The aim 

of the present study was to analyze the confirmatory auditory responses in patients with 

unilateral tinnitus with normal hearing. 

2. Materials and Methods 

2.1. Study Population 

A retrospective chart review was conducted using medical records from a single ter-

tiary hospital from January 1, 2016, to December 31, 2018. A total of 450 patients who 

underwent ABR for tinnitus evaluation in a tertiary care hospital were selected. Patients 

with bilateral tinnitus, indistinct directions of tinnitus, hearing impairment, and imperfect 

ABR data were excluded. Patients were categorized according to duration. Patients with 

tinnitus for <1 month were assigned to the acute group, those with tinnitus for 1−6 months 

to the subacute group, and those with tinnitus for more than 6 months to the chronic 

group (Table 1). 

Table 1. Demographic data of patients (N=84). 

Variables Results 

Sex, No. (%)  

Male 26 (31) 

Female 58 (69) 

Direction, No. (%)  

Left 37 (44) 
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Right 47 (56) 

Duration, No. (%)  

Not answered 4 (5) 

Acute (<1 month) 17 (20) 

Subacute (1−6 months) 45 (54) 

Chronic (>6 months) 18 (21) 

Age, mean (SD), year 43.5 (11.2) 

PTA, mean (SD), dB  

Ipsilateral 10.94 (5.95) 

Contralateral 10.01 (6.25) 

Duration, median (IQR), days  

Total 63 (34–148) 

Acute 19 (12–24) 

Subacute 63 (43–85) 

Chronic 381 (318–775) 

No, number; SD, standard deviation; dB, decibel; IQR, interquartile range; PTA, pure tone audiom-

etry, (500 Hz + 2 × 1000 Hz + 2000 Hz)/4 

2.2. Confirmatory Auditory Responses 

Hearing impairment was defined as a threshold with air conduction of more than 25 

dB at 0.25, 0.5, 1, 2, 3, 4, and 8 kHz in pure tone audiometry. ABR was estimated using 

Navigator Pro (2 channels, Bio-logic earphones, Natus Inc. USA) by a certified audiologist 

at our hospital. Two electrodes were attached to the midline of the frontal bone and vertex 

after the scalp skin of the patients was cleaned. The amplitudes of waves I, III, and V and 

the latencies of waves I, III, and V were collected at 90 dB, 80 dB, and 70 dB normalized 

hearing level (nHL). All amplitudes were regarded as the difference between the peak and 

trough values (Figure 1). The ratio of the amplitude of waves I to V (V/I ratio) was calcu-

lated.  

 

Figure 1. Measurement of ABR parameters. Latency was measured as the difference between the 

stimulation time and peak time, and the amplitude was measured as differences between peak to 

trough. 
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 Distortion-product otoacoustic emissions (DPOAEs) and transient evoked otoacous-

tic emissions (TEOAEs) were estimated using GSI audera (Grason-Stadler Inc. 10395 West 

70th St. Eden Prairie, MN 55344, USA). DPOAE responses to pairs of primary tones were 

measured (f1 and f2; f2/f1 = 1.22). 2f1–f2 components and were analyzed for 10 f1 frequen-

cies (410.2 Hz, 574.2 Hz, 820.3 Hz, 1160.2 Hz, 1640.6 Hz, 2753.9 Hz, 3996.1 Hz, 5660.2 Hz, 

6726.6 Hz, and 8003.9 Hz). “Pass” in both OAE test was defined if the signal was -5 dB or 

more and signal to noise ratio (SNR) was 5 dB or more at 1 F1 frequency below 1 kHz, 2 

F1 frequencies between 1 kHz and 2 kHz, and 2 F1 frequencies between 2 kHz and 4 kHz. 

Otherwise, the OAE test was defined as “Failure”. 

2.3. Statistical Analysis 

ABR data between the ipsilateral and contralateral ears were compared using a 

paired t-test or Wilcoxon’s signed-rank test. To investigate the effects of variables (age, 

sex, laterality, duration, and intensity) on the amplitude and latency of each wave, multi-

ple linear regression was conducted. The enter method was used to examine the effects of 

all the variables. OAE data between the ipsilateral and contralateral ears were compared 

using paired t-test or Wilcoxon’s signed rank test for the signal and chi-square test or 

Fisher’s exact test for the failure rate. All statistical analyses were conducted using the 

IBM SPSS version 21. 

2.4. Ethical approval 

This study was approved by the ethics committee of our hospital (IRB No. 

2018AS0211), and the requirement for informed consent was waived by the ethics com-

mittee of our hospital because of a retrospective study. All methods were performed in 

accordance with the relevant guidelines and regulations. 

3. Results 

3.1. Demographic Data of Patients 

Out of the total of 84 patients who underwent ABR and had unilateral tinnitus with 

normal hearing, 65 underwent DPOAE, and 43 underwent TEOAE. In our clinical process, 

all patients who underwent OAE underwent ABR prior to the procedure. In the analysis 

of ABR parameters, four patients with extreme ABR parameter values were excluded. 

There were more female (69%) than male patients. The location of tinnitus was more fre-

quent (56%) on the right side. The number of patients in the subacute group was greater 

than that in the acute and chronic groups. The median duration of tinnitus in all patients 

was 63 days (range, 34–148 days). The data are listed in Table 1. 

3.2. Comparison of ABR Data between Ipsilateral and Contralateral Ears in Unilateral Tinnitus 

Patients 

Although the amplitudes of ABR in the ipsilateral and contralateral ears were not 

significantly different according to three intensities (90, 80, and 70 dB nHL) in all patients 

and the three subgroups, the amplitude of wave I in the acute group with 90 nHL stimuli 

and that of wave V in the chronic group with 80 nHL stimuli were markedly reduced. 

However, there were no differences in the V/I ratios. The latencies in the ipsilateral ear 

showed noticeable delays in wave I in all patients with 90 and 70 nHL stimuli, wave I in 

the subacute and chronic groups with 90 nHL stimuli, and wave III in the acute group 

with 70 nHL stimuli (Table 2, Figure 2 and Supplementary Table S1-S3 online). 

Table 2. Comparison of ABR data between the ipsilateral and contralateral ears in all patients 

(N=84). 

 Ipsilateral Contralateral P-value 

Latency, mean (SD), ms    
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90 dB    

Wave I 1.42 (0.13) 1.39 (0.10) 0.02* 

Wave III 3.63 (0.15) 3.61 (0.14) 0.14 

Wave V 5.46 (0.22) 5.47 (0.23) 0.60 

80 dB    

Wave I 1.56 (0.15) 1.53 (0.13) 0.19 

Wave III 3.72 (0.17) 3.71 (0.16) 0.66 

Wave V 5.57 (0.22) 5.58 (0.22) 0.57 

70 dB    

Wave I 1.73 (0.16) 1.68 (0.14) 0.03* 

Wave III 3.83 (0.18) 3.81 (0.17) 0.63 

Wave V 5.72 (0.24) 5.72 (0.22) 0.71 

Amplitude, mean (SD), 

mA 

   

90 dB    

Wave I 0.30 (0.12) 0.28 (0.13) 0.16 

Wave III 0.31 (0.12) 0.31 (0.14) 0.77 

Wave V 0.42 (0.14) 0.42 (0.13) 0.54 

80 dB    

Wave I 0.26 (0.13) 0.26 (0.13) 0.64 

Wave III 0.26 (0.11) 0.26 (0.12) 0.50 

Wave V 0.40 (0.15) 0.40 (0.12) 0.70 

70 dB    

Wave I 0.18 (0.12) 0.16 (0.13) 0.13 

Wave III 0.22 (0.10) 0.24 (0.13) 0.33 

Wave V 0.35 (0.13) 0.35 (0.12) 0.96 

V/I ratio, mean (SD)    

90 dB 1.79 (1.33) 1.89 (1.51) 0.45 

80 dB 1.77 (0.99) 2.06 (1.65) 0.22 

70 dB 2.27 (1.89) 2.38 (2.81) 0.68 
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P-values were acquired using a paired t-test. *: P-value was <0 .05. 

Figure 2. Amplitude and latency of ABR waves I, III, and V along the tinnitus duration and intensity 

of ABR stimuli (N=84). (A) wave I amplitude; (B) wave III amplitude; (C) wave V amplitude; (D) 

wave I latency; (E) wave III latency; (F) wave V latency. 

3.3. Multiple Linear Regression Analysis of ABR Parameters Based on Demographic Data. 

This study has five independent variables (age, sex, laterality, duration, and inten-

sity) and two dependent variables (amplitude and latency). Multiple linear regression 

analysis was conducted on the dependent variables for each wave. Compared to female 

patients, male patients had smaller amplitudes and longer latencies; however, these dif-

ferences were small. The amplitude of the ABR decreased, and the latency of AR increased 

with increasing age (Table 3, 4 and Supplementary Tables S4-S7 online). 

Table 3. Multiple linear regression of wave I amplitude presented with coefficients and p-values. 

Model 

 

Unstandardized 

coefficient 

Standardized 

coefficient t P-value 

B SE β 
  

(Constant)  0.37 0.02 - 15.64 <0.01* 

Age  -0.004 0.001 -0.30 -7.05 <0.01* 

Sex M=0, F=1 0.09 0.01 0.30 7.40 <0.01* 

Laterality Ipsilateral =0, 

Contralateral=1 

-0.01 0.01 -0.04 -1.06 0.29 

Duration Acute - - - - - 

 Subacute 0.04 0.01 0.14 2.81 0.01* 

 Chronic 0.02 0.02 0.05 0.940 0.35 

Intensity 90 dB - - - - - 

 80 dB -0.03 0.01 -0.11 -2.47 0.01* 

 70 dB -0.12 0.01 -0.41 -9.02 <0.01* 
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SE: standard error, *: P-value was < 0.05 and Enter method was used, Adjusted-R2: 0.265 

Table 4. Multiple linear regression of wave I latency presented with coefficients and p-values. 

Model 

 

Unstandardized 

coefficient 

Standardized 

coefficient   

B SE β t P-value 

(Constant)  1.34 0.03  47.63 <0.01* 

Age  0.00 0.00 0.13 3.36 <0.01* 

Sex 

 

M=0, F=1 -0.03 0.01 -0.07 -1.88 0.06 

Laterality 

 

Ipsilateral=0, 

Contralateral=1 

-0.04 0.01 -0.10 -2.81 <0.01* 

Duration Acute - - - - - 

 Subacute 0.00 0.02 0.01 0.20 0.85 

 Chronic 0.02 0.02 0.05 1.06 0.29 

Intensity 90 dB - - - - - 

 80 dB 0.14 0.02 0.37 9.30 <0.01* 

 70 dB 0.30 0.02 0.76 19.18 <0.01* 

SE: standard error, *: P-value was < 0.05 and Enter method was used, Adjusted-R2: 0.461. 

 

 In the subacute group, the amplitude of wave I tended to be larger than that in the 

acute group, but this trend was not observed in the chronic group (Table 3). Similarly, a 

trend was observed in the chronic group where the amplitude of wave V was larger than 

that in the acute group; however, this trend was not observed in the subacute group (Sup-

plementary Table S5 online). Laterality seemed to have no effect on ABR parameters, ex-

cept for the latency of wave I. The latency of the ipsilateral ear was longer than that of the 

contralateral ear in wave I (Table 4). 

3.4. Otoacoustic Emission between The Ipsilateral Ear and The Contralateral Ear 

The failure rate in the ipsilateral ear was significantly greater than that in the contra-

lateral ear in all patients, but not in the TEOAE and in the three subgroups. Signals at all 

frequencies in DPOAE were not significantly different in all patients and in the three sub-

groups (Table 5, Figure 3 and Supplementary Tables S8-S10 online). 

Table 5. Comparison of OAE data between ipsilateral and contralateral ears in all patients (TEOAE 

N=45 and DPOAE N=63). 

 Ipsilateral Contralateral P-value 

TEOAE    

Failure, No. (%) 9 (20) 4 (9) >0.99 

Response, mean (SD), dB 7.6 (11.9) 6.7 (5.6) 0.74 

DPOAE    

Failure, No. (%) 25 (40) 18 (29) <0.05* 

Signal in 410.2 Hz‡, mean (SD), dB 5.6 (5.4) 7.0 (4.9) 0.52 

Signal in 574.2 Hz‡, mean (SD), dB 4.6 (5.9) 6.7 (4.7) 0.74 
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Signal in 820.3 Hz‡, mean (SD), dB 7.3 (6.4) 7.9 (5.1) 0.84 

Signal in 1160.2 Hz‡, mean (SD), dB 8.2 (5.9) 9.1 (7.4) 0.44 

Signal in 1640.6 Hz‡, mean (SD), dB 6.3 (7.9) 7.5 (6.6) 0.55 

Signal in 2753.9 Hz‡, mean (SD), dB -1.1 (10.4) 1.1 (9.0) 0.26 

Signal in 3996.1 Hz‡, mean (SD), dB -5.6 (11.0) -2.0 (8.2) 0.07 

Signal in 5660.2 Hz‡, mean (SD), dB -6.8 (11.4) -3.0 (10.4) 0.13 

Signal in 6726.6 Hz‡, mean (SD), dB -7.2 (9.0) -7.9 (7.1) 0.50 

Signal in 8003.9 Hz‡, mean (SD), dB -2.2 (8.1) -2.3 (7.4) 0.91 

TEOAE, transient-evoked otoacoustic emission; DPOAE, distortion-product otoacoustic emission. 

P-values were acquired by paired t-test, except for the failure rate (chi-square test) and signal at 

410.0 Hz, and 574.2 Hz (Wilcoxon’s signed rank test), *: P-value was < 0.05, ‡ : F1 frequency. 

Figure 3. Distortion-product otoacoustic emission (DPOAE) between ipsilateral ear and contrala-

teral ears (N=63). No significant differences were observed in each frequency. All data were con-

ducted paired t-test or Wilcoxon’s signed rank test. (a) total, (b) acute group, (c) subacute group, (d) 

chronic group. Blue: ipsilateral ear, Red: contralateral ear, *: P-value < 0.05. 

4. Discussion 

The causes and mechanisms of tinnitus have not yet been accurately established. It 

may originate either peripherally or centrally. ABR and OAE can be used to evaluate the 

function of retrocochlear lesions and outer hair cells, respectively; therefore, they can be 

candidates for determining the cause of tinnitus [2-4,12]. 

 Several studies have reported that there was a decrease in the amplitude of wave I 

in the presence of cochlear lesions, when ABR wave analysis was performed on female 

patients with tinnitus and controls, with normal hearing over 6 months, and the ampli-

tude of wave V was not markedly different [10,21]. This was interpreted as central com-

pensation for the cochlear lesion by the reduction of afferent signals. Therefore, although 

considering normal hearing in pure tone audiometry, it was suggested that tinnitus is due 

to “hidden hearing loss” [14]. Many studies have been conducted on this topic; however, 

few studies in humans have reported significant differences in ABR waves between tinni-

tus patients and normal subjects. Some studies showed no statistically significant decrease 

in wave I amplitude when comparing patients with tinnitus and normal participants, and 

the V/I ratio was considered as a parameter for the degree of central gain was not 
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remarkably different. Amplitudes of waves I and V and the V/I ratio were compared be-

tween the tinnitus and control groups with ABR stimuli (90 and 100 nHL). They reported 

that the level of noise exposure is related to tinnitus [22]. 

 In the current study, the ABR stimuli ranged from 70 dB nHL to 90 dB nHL[14]. We 

found that the potential differences in ABR parameters between the ipsilateral and con-

tralateral ear may be associated with lower ABR intensity, although the differences were 

not significant at higher ABR intensities. Furthermore, we suspected that there was a cor-

relation between ABR intensity and tinnitus laterality in latencies and amplitudes. How-

ever, differences in almost all ABR parameters between the ipsilateral and contralateral 

ears were not significantly different in all patients and in the three subgroups. In multiple 

linear regression analysis, laterality had an effect on ABR latency, but not on amplitude 

in wave I. It is thought that the pathologic lesion of tinnitus patients might be placed in 

the distal portion of the cochlear nerve although the amplitude of wave I did not signifi-

cantly decrease in patients with tinnitus. 

 Some researchers compared DPOAE and TEOAE between patients with tinnitus and 

normal adult male participants. There was no marked difference in TEOAE; however, the 

signal of DPOAE in the left and right ears between patients with tinnitus and controls was 

significantly different [17]. In the present study, there was remarkable difference in TE-

OAE; however, the failure rate of DPOAE was markedly higher in the ipsilateral ear than 

the contralateral ear.  

 Meanwhile, it was reported that there was no significant difference in the latency 

and amplitude of ABR, but there was a statistically significant difference in the V/I ratio. 

There was no significant difference in TEOAE; therefore, it was assumed that tinnitus was 

caused by retrocochlear lesions rather than outer hair cells [23]. 

 Recently, several studies have reported that the summation potential/action poten-

tial ratio (SP/AP ratio) of electrocochleography (ECoG) reflects the function of synapses 

between cochlear inner hair cells and cochlear spiral ganglion neurons. The SP/AP ratio 

noticeably increased in children with auditory synaptopathy/auditory neuropathy than 

in those with sudden sensorineural hearing loss, and the SP/AP ratio in tinnitus patients 

with normal hearing was markedly higher than that in normal participants [24]. Accord-

ing to previous studies, the SP of ECoG originates in presynaptic hair cells, and AP origi-

nates in the postsynaptic cochlear nerve and is equivalent to the amplitude of wave I in 

the ABR [9,24]. In the current study, ABR for retrocochlear lesions and OAE for outer hair 

cells were considerably different between the ipsilateral and contralateral ears; however, 

responses for higher central lesions (e.g., auditory middle latency response) or ECoG are 

needed to explore differences between tinnitus and normal ears. 

 To the best of our knowledge, no study has compared ipsilateral and contralateral 

ears in tinnitus patients with normal hearing over time.  

 However, this study has some limitations. First, this study is a retrospective chart 

review, and there are no data on prescriptions for ototoxic medication or exposure to 

noise. Although we have defined the duration of tinnitus, this classification is arbitrary 

and subject to change. In addition, our ABR data did not contain data regarding the coch-

lear microphonic (CM) potential. Several studies have indicated that CM potential is gen-

erated by outer hair cells; therefore, it is regarded as a good indicator of outer hair cell 

impairment. 

 In conclusion, there was a significant difference in the latency of ABR wave I between 

ipsilateral and contralateral ears in patients with unilateral tinnitus with normal hearing, 

and the failure rate of the ipsilateral ear in DPOAE was significantly higher than that of 

the contralateral ear in all patients, although not in the acute, subacute, and chronic 

groups, and signals at specific frequencies were not significantly different between the 

ears. TEOAE was not significantly different between ipsilateral and contralateral ears. 

Therefore, from the outer hair cells to the distal portion of the cochlear nerve, there may 

be pathologic lesions in tinnitus with normal hearing, but more research is needed, in-

cluding on inner hair cells, cochlear synapses, and the higher central cortex. 
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Supplementary Materials: The following supporting information can be downloaded at: 

www.mdpi.com/xxx/s1, Table S1: Comparison of ABR data between the ipsilateral ear and contra-

lateral ear in the acute group (N=17); Table S2: Comparison of ABR data between the ipsilateral ear 

and contralateral ear in the subacute group (N=45); Table S3: Comparison of ABR data between the 

ipsilateral ear and contralateral ear in the chronic group (N=18); Table S4: Multiple linear regression 

of wave III amplitude presented with coefficient and p-value; Table S5: Multiple linear regression 

of wave V amplitude presented with coefficient and p-value; Table S6: Multiple linear regression of 

wave III latency presented with coefficient and p-value; Table S7: Multiple linear regression of wave 

V latency presented with coefficient and p-value; Table S8: Comparison of OAE data between the 

ipsilateral and contralateral ears in the acute group (TEOAE N=5, DPOAE N=12); Table S9: Com-

parison of OAE data between the ipsilateral and contralateral ears in the subacute group (TEOAE 

N=27, DPOAE N=32). 
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