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Abstract 
Background and Aim: Tinnitus is one of the 

most difficult challenges in audiology and oto-

logy. Previous studies have been shown that tinn-

itus may interfere with the function of central 

auditory system (CAS). Involvement of CAS 

abilities including speech perception and audi-

tory processing has led to serious problems in 

people with tinnitus. Due to the lack of enough 

information about the impact of tinnitus on CAS 

and its function, and given that there is no 

standardized protocol for assessment and mana-

gement of tinnitus, this study aimed to review the 

studies on the effect of tinnitus on the CAS 

function. 

Recent Findings: Sixteen eligible articles were 

reviewed. Temporal and spectral resolution, fre-

quency differentiation and speech perception 

deficits were reported in patients with tinnitus, 

especially in background noise. This was repor-

ted even in tinnitus patients with normal hearing. 

Conclusion: Assessment of central auditory pro-

cessing and speech perception in noise seems to 

be useful for proper management of tinnitus in 

clinical practice. 
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Introduction 

Tinnitus is a conscious perception of sound in the 

absence of any external acoustic stimulus [1]. 

Currently, there is no precise and comprehensive 

definition of tinnitus. Tinnitus has been widely 

reported as one of the most challenging symp-

toms in audiology and otology in recent years 

[2,3]. The sound may be perceived as a high- or 

low-pitched pure tone or a noise. Tinnitus is 

classified based on its clinical characteristics 

such as duration, laterality, or its implications 

[4]. Growing industrialization and urbanization 

along with technological advances have contri-

buted to prolonged exposure to high levels of 

noise. Noise pollution is a serious problem due to 

its harmful impacts on health such as noise-

induced tinnitus (NIT) and noise-induced hearing 

loss [5,6]. According to a study, over 70 million 

people in Europe and 50 million in U.S. are 

affected by tinnitus [7]. Therefore, it can be said 

that most of people, especially those with expo-

sure to noise are susceptible to tinnitus and  

its adverse effects. Studies have revealed that 
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approximately 20−40% of industrial workers 

suffer from persistent tinnitus. The prevalence of 

tinnitus in workers with high-level noise expo-

sure is four times higher than in non-exposed 

subjects (20.7−42% vs. 5−7.5%), which highli-

ghts the negative effect of noisy workplaces on 

the workers [5,8]. 

Given the high prevalence of NIT worldwide and 

considering the adverse effects of tinnitus on 

communication and daily living activities, it can 

be claimed that central auditory impairment can 

be caused by NIT [2,4,7]. NIT can negatively 

affect the auditory functions including speech 

perception which may be impaired in most of 

people with tinnitus even in those with normal 

hearing. Speech comprehension difficulty is one 

of the leading causes of tinnitus-related handicap 

in many affected patients [9]. Higher level of 

central auditory processing is needed for speech 

perception in noise (SPIN) test, frequency ana-

lysis, auditory discrimination and etc. [10]. Stu-

dies have shown the association of abnormal 

sound transduction, coding, and processing in  

the central auditory system (CAS) of people with 

tinnitus [11-13]. Auditory temporal processing 

(the ability to process acoustic signals over time) 

has been considered as one of the important 

characteristics of CAS function which may be 

influenced by tinnitus [14]. Proper temporal reso-

lution is involved in other CAS abilities inclu-

ding the identification of speech signals starting 

with silence gap, spectral and temporal modu-

lation detection ability within the cochlea [15]. 

Cochlear damage, disruption of the neural enco-

ding by means of temporal desynchronization 

and/or differentiation in the ascending auditory 

pathway up to the auditory cortex contribute to 

subsequent deterioration of auditory perception 

and SPIN [15-17]. 

Although several studies have investigated vari-

ous impacts of tinnitus, a few of them have 

measured the effect of tinnitus on the function of 

CAS [4,15,18-21]. Nevertheless, the effect of 

tinnitus on CAS function remains unclear contri-

buting to the lack of an effective tinnitus manage-

ment method. In the current study, we aimed  

to review the possible effect and interference of 

tinnitus on CAS abilities and find out the  

contradictions in the results of related studies. 

In this review study, a search was first conducted 

in Web of Science, Google Scholar, Scopus, and 

PubMed databases using the keywords, "tinni-

tus" alone or in combination with "auditory cent-

ral processing", "speech perception "or "speech 

recognition" and “psychoacoustic”, on the rela-

ted studies published during 2000−2021. The ori-

ginal papers on tinnitus effects on CAS function 

in English with available full-text assessing adu-

lts (age ≥ 18 years) were included in the review. 

The abstracts, case reports, non-related studies, 

letters to the editor, and non-English articles, and 

those evaluated tinnitus impact on peripheral 

auditory system were excluded. Initial search 

yielded 76 articles. After reviewing their title, 

introduction, and discussion sections, and elimi-

nation of duplicates, review articles and irrele-

vant papers, 16 eligible articles remained. The 

flowchart of article selection process is shown  

in Fig. 1. 

Of 76 articles, 16 articles with 5537 subjects 

were reviewed. These studies and their results are 

briefly presented in Tables 1 and 2. 

 

Effect of tinnitus on main abilities of central 

auditory system 

 

Central auditory processing 

Eight studies with a total of 406 participants (217 

with tinnitus) were found examining the effect of 

tinnitus on auditory processing. Of 217 tinnitus 

patients, 112 had normal hearing, while 105 had 

hearing loss. Only one study reported effect of 

unilateral tinnitus on central auditory processing. 

The gap in noise (GIN) and difference limen for 

intensity (DLI) tests were the most frequently 

used instruments for the evaluation of central 

auditory processing in tinnitus patient. GIN test, 

as a clinically useful tool, measures temporal 

resolution by determining gap detection thre-

shold in noise. Deficits in gap detection were 

observed in tinnitus patients in three out of seven 

studies, while the gaps in the control groups were 

identified in a shorter time interval. Duration 

pattern test (DPT) was another test for measuring 

the temporal processing abilities due to its ease 

of use, high sensitivity and specificity, and ability  
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to evaluate each ear separately [14]. One study 

reported that the frequency discrimination was 

impaired in subjects with moderate tinnitus but 

not in those with mild tinnitus [22]. In terms of 

intensity discrimination, one study found a 1 dB 

deficit under two of nine test conditions [23]. Jain 

and Sahoo reported the effect of tinnitus on diff-

erent aspects of central auditory processing abili-

ties such as temporal resolution, SPIN and fre-

quency discrimination in affected subjects [22]. 

Regarding the laterality of tinnitus, the only 

study investigating the effect of unilateral tinni-

tus using GIN test showed no evidence for the 

impact of unilateral tinnitus on auditory temporal 

resolution [24]. Six studies included normal 

hearing cases with and without tinnitus and two 

studies included tinnitus patients with hearing 

loss. Normal-hearing subjects with tinnitus were 

found to suffer from impaired temporal reso-

lution compared to those without tinnitus [24, 

25]. Mismatch negativity (MMN) and auditory 

brainstem response (ABR) tests were other diag-

nostic tests used for investigating the impact of 

tinnitus on CAS [26,27]. The MMN test assesses 

the temporal integration of auditory perception 

and its generators [26]. The study used ABR test 

showed reduced wave I amplitude, indicating 

different auditory nerve fibers in patients with 

tinnitus and normal hearing [23]. Findings of Epp 

et al. and Mahmoudian et al. showed that the 

MMN latency and amplitude were significantly 

different in tinnitus patients compared to control 

group [23,28]. Effect of tinnitus using other pro-

cessing tests (DPT, DLI, difference limen for 

frequency, gap detection test, modulation detec-

tion thresholds) was also observed [14,23,25] 

except in Jain and Sahoo's study using DLI [22]. 

It can be argued that even a small cochlear 

damage without affecting the auditory threshold 

under pure-tone audiometry may change the pro-

cessing of auditory information in the CAS due 

to the development of tinnitus, and reduce the 

temporal resolution [15,29]. The main results  

of eight reviewed studies are summarized in 

Table 1. 

 

Speech perception 

A total of eight studies, including 5266 subjects, 

were found examining the effect of tinnitus on 

speech perception. Impaired speech perception,  

Fig. 1. Flowchart of selection process of articles included in this review. 

 

Based on a survey conducted in the 

mentioned search engines during 

the years 2000 to 2021, 76 articles 

were identified. 

26 studies were included in 

the article 

50 articles were excluded 

from the present study due to 
review, case report, abstract 

and non-English ones. 

10 Study were deleted due 

to duplication and letter to 

the editor 

Finally, 16 articles were 

eligible for current review 



235                                                                                                       Impact of tinnitus on the performance of CAS 

Aud Vestib Res (2021);30(4):232-240.                                                                                                                    http://avr.tums.ac.ir 

 

especially in noise, was reported in tinnitus 

patients in 7 out of 8 studies [4,9,19-21,30-32]. 

However, a study found low or no impairment 

when age and hearing loss were controlled, and 

showed impaired SPIN in young people with 

normal hearing and NIT [31]. Of three studies 

that investigated the SPIN of participants, two 

studies showed higher difficulty in SPIN [4,31, 

32]. Different tests were used for assessing the 

SPIN. In most studies, speech perception was 

evaluated with the speech-in-noise (SIN) [19,31, 

32] and speech reception threshold in noise 

(SRTn) tests [20,21,30]. SRTn was measured 

using open-set spondee recognition in steady-

state speech-shaped noise started with a signal-

to-noise ratio (SNR) of 6 dB. The final SRTn for 

each subject was calculated by averaging the 

results of three adaptive -runs [21]. Moon et al.  

Table 1. Summary of eight studies on the effect of tinnitus on central auditory processing 

 

Authors Year  Participants  Measures Main results 

Sanches et al. 

[18]  

2010 48 subjects with NH, 18 with 

tinnitus and 23 without tinnitus 

HF Audiometry, 

GIN test 

Major difference in HF audiometry and GIN 

test results between two groups 

Detecting gaps in shorter time intervals and 

better hearing thresholds in control group than 

tinnitus group 

Epp et al. [23] 2012 11 NH subjects with tinnitus and 

14 NH subjects without tinnitus 

DLI and ABR 

tests 

Significant increase of intensity-discrimination 

thresholds during loudness matching in NH 

subjects with tinnitus 

Reduction in the amplitude of wave I under the 

ABR test in NH subjects with tinnitus. 

Mehdizade 

Gilani et al. [14] 

2013 20 NH subjects with tinnitus and 

20 NH  subjects without tinnitus 

GIN test and 

DPT  

Significant increase in threshold of gap 

detection in the tinnitus group in both ears 

under the GIN test 

No significant differences in correct responses 

between two groups under DPT. 

Mahmoudian et 

al. [28]  

2013 28 subjects with chronic 

subjective idiopathic tinnitus and 

33 healthy peers 

MMN test Significant differences in amplitude, duration, 

and area under the curve in tinnitus subjects 

compared to controls under MMN test 

An et al. [24]  2014 60 patients with unilateral tinnitus 

and symmetric hearing loss and 

30 subjects with NH 

GIN test No significant difference in the mean GIN 

thresholds among tinnitus patients and non-

tinnitus NH subjects 

No relation between GIN threshold and 

perception level in tinnitus subjects with 

gender, frequency, tinnitus loudness, and 

audiometric data. 

Jain and Sahoo 

[2] 

2014 20 NH subjects with tinnitus and 

20 age-matched NH subjects 

without tinnitus  

DLI, DLF, GDT, 

and MDT tests 

Tinnitus group performed poorly under all tests 

except in DLI test 

Ibraheem and 

Hassaan [15] 

2017 15 NH adults without tinnitus and 

15 NH adults with tinnitus. 

GIN test  Significant decrease of correct scores under 

GIN test in tinnitus group 

Zeng et al. [25] 2020 45 hearing-impaired subjects with 

chronic tinnitus and 27 young NH 

subjects without tinnitus  

GIN, DLI, and 

DLF tests 

Tinnitus had no effect on gap detection 

Hearing loss was associated with frequency 

discrimination, while tinnitus had no 

association 

Tinnitus had level-dependent effects on 

intensity discrimination and masking 

NH; normal hearing, HF; high frequency, GIN; gap in noise, DLI; difference limen for intensity, ABR; auditory brainstem response, 

DPT; duration pattern test, MMN; mismatch negativity, DLF; difference limen for frequency, GDT; gap detection test, MDT; 

modulation detection thresholds 
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also found a significant decrease in SRTn score 

in tinnitus patients compared to controls using 

open-set spondees [30]. SIN test was reported as 

a reliable and feasible clinical technique to eva-

luate noise-induced damage in patients with nor-

mal peripheral function complaining of NIT. It 

was hypothesized that patients with tinnitus have 

difficulties in SPIN due to changes in their cent-

ral auditory processing and mechanism [31]. A 

study on 20 patients with tinnitus revealed their 

impaired speech perception, especially in noisy 

environments, compared to the control group 

[19]. In two other studies, tinnitus patients with 

normal hearing also reported difficulties in 

speech perception [9,31]. Van Eynde et al. repor-

ted a little negative effect of tinnitus on the spe-

ech perception in normal-hearing subjects with 

tinnitus [32]. This effect could be higher if sub-

jects would talk simultaneously, known as cock-

tail party effect [9]. There was high prevalence of 

speech perception impairment in workers with 

tinnitus and a history of noise exposure. One 

Table 2. Summary of eight studies investigated the impact of tinnitus on speech perception 

 

Authors Year Participants Measures Main results 

Huang et al. 

[19] 

2006 20 tinnitus subjects and NH 

subjects 

MSPIN test Significantly lower MSPIN test score in 

tinnitus group than control group 

Soalheiro et 

al. [4] 

2012 495 workers exposed to 

environmental or occupational 

noise with hearing complaints 

SRI test Greater difficulty in speech recognition in 

noise-exposed workers 

Mertens et 

al. [20] 

2013 15 CI users with ipsilateral 

unilateral tinnitus under two 

conditions of CI on and CI off 

SRTn test Unilateral tinnitus interfered with SRTn in 

non-affected ear 

SRTn was significantly poorer in 

subjects with high tinnitus loudness 

Moon et al. 

[30] 

2015 30 tinnitus subjects and 15 NH 

subjects divided into 4 groups 

SRTn test Significant decrease in SRTn scores in 

tinnitus subjects 

Tinnitus can constrain patients’ SRTn 

regardless of their hearing sensitivity 

Gilles et al. 

[31] 

2016 87 young adults with a history of 

recreational noise exposure (19 

with tinnitus and 68 without 

tinnitus) 

HF Audiometry, 

TEOAE, DPOAE, 

SIN, and ABR tests  

No significant differences between tinnitus 

and non-tinnitus subjects in terms of hearing 

thresholds, and TEOAE, DPOAE, and ABR 

test results 

Significant decrease in SRTn in tinnitus 

subjects compared to non-tinnitus subjects. 

Vielsmeier et 

al. [9] 

2016 361 patients with chronic tinnitus  Göttingen sentence 

test  

Speech perception deficits were prevalent 

among tinnitus patients especially in noisy 

environments 

Deficits in CAS function cause SPIN 

difficulties. 

Van Eynde 

et al. [32] 

2016 37 patients with mild noise-

induced hearing loss and tinnitus 

complaints 

SRT test and DTT Significant correlation between the averaged 

HF PTA and the averaged SRT across ears 

on the DTT 

Slight influence of tinnitus onset on the SRT 

score 

Oosterloo et 

al. [21] 

2020 4211 participants with and without 

tinnitus 

SRTn test Higher SRTn in tinnitus subjects with 

hearing loss was associated with speech 

intelligibility in noise 

More severe tinnitus increases the SRTn. 

NH; normal hearing, MSPIN; Mandarin speech perception in noise, SRI; speech recognition index, CI; cochlear implant, SRTn; speech 

reception threshold in noise, HF; high frequency, TEOAE; transient evoked otoacoustic emissions, DPOAE; distortion product 

otoacoustic emissions; SIN; speech-in-noise, ABR; auditory brainstem response, CAS; central auditory system, SPIN; speech perception 

in noise, DTT; digit triplet test; PTA; Pure-tone average 
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study showed that about 40% of tinnitus patients 

report speech perception difficulties in a subjec-

tive manner while about 80% reported difficul-

ties with speech perception in noisy environme-

nts, such as cocktail parties [4]. Gilles et al. sho-

wed SPIN difficulties in subjects with tinnitus. 

These results confirm the results of previous 

studies that noise exposure may develop tinnitus 

in the absence of measurable peripheral damage 

[31]. Other measurement methods including high 

frequency audiometry, otoacoustic emissions 

and ABR tests showed no significant differences 

between tinnitus and non-tinnitus subjects [31]. 

Only in one study using speech perception test 

without presenting competing noise, findings 

revealed more difficulties in speech perception 

for noise-exposed subjects compared to normal 

subjects [4]. Findings of Vielsmeier et al. indi-

cated the impairment of SPIN using SRTn and 

Göttingen Sentence tests, may be due to the 

mechanism of the central auditory nervous sys-

tem in noisy environments [9]. Table 2 summa-

rizes the main results of eight reviewed articles 

in this section. 

 

Discussion 

In this study, 16 articles examining the effect  

of tinnitus on central auditory processing (n = 8) 

and speech perception (n = 8) were reviewed. 

According to these articles, the CAS is affected 

in the majority of patients with tinnitus in the 

form of worsened gap detection, reduced tem-

poral resolution, and impaired SPIN [9,15,19,21-

23]. The GIN test was shown to be highly sen-

sitive to cortical and brainstem lesions. It was 

postulated that the reason for poor gap detection 

is that ongoing tinnitus masks the gap [22]. Poor 

GIN test scores in subjects with tinnitus sugges-

ted that, whether tinnitus originates in the CAS 

or not, it affects the auditory processing abilities 

in the CAS [33]. Tinnitus fills the silent gaps in 

noise and causes difficulties in gap detection. 

Consequently, it affects the modulation detection 

and frequency discrimination, all of which can 

result in poor auditory temporal resolution [24]. 

It seems that neural changes occurring more at 

CAS reorganize the cortical tonotopic map and 

make alterations in the temporal processing 

ability of people with tinnitus [30,34,35]. Audi-

tory temporal resolution is another CAS ability 

which encodes and detects subtle changes in aco-

ustic stimuli. Neurological structures are invol-

ved in auditory temporal processing of simple  

or complex stimuli. Auditory temporal process-

ing is critical for phonological awareness, lexical 

knowledge, and SPIN. Electrophysiological 

evidence also showed that pre-attentive and auto-

matic auditory processing are impaired in sub-

jects with chronic tinnitus [28]. Epp et al. indi-

cated that deafferentation of auditory nerve fibers 

can underlie tinnitus in normal hearing people. 

Apart from peripheral damage, changes in central 

auditory processing can affect the intensity dis-

crimination thresholds and increase gain in  

the tinnitus frequency range in tinnitus patients 

[23]. Magnetic resonance imaging and functional 

magnetic resonance imaging results have demon-

strated an increased responses to sound at the 

midbrain level in subjects with tinnitus compared 

to controls [28,36]. Consequently, it can be clai-

med that tinnitus plays an important role in 

reducing auditory temporal resolution and gap 

detection, creating difficulties in speech percep-

tion. 

Several studies have reported SPIN problems in 

tinnitus patients with different languages [4,19, 

20,30.31]; however, we found that SPIN ability 

is not associated with tinnitus severity. In con-

trast, Oosterloo et al. showed that higher tinnitus 

loudness can increase SRTn [21]. The reviewed 

studies suggested that tinnitus and impaired 

SPIN have common pathophysiologic mecha-

nism in the central auditory pathways. They 

found poor SPIN in most cases. Impaired SPIN 

is one of the leading causes of tinnitus-related 

handicap in many patients with tinnitus and, 

therefore, is clinically crucial for quantifying the 

impact of tinnitus on daily life [19,37]. Schaette 

and McAlpine proposed that reduced auditory 

nerve input can result in increased neuronal  

gain in the auditory brainstem. On other hand, 

tinnitus can be associated with the increased 

spontaneous activity of auditory neurons [29]. In 

contrast, a study showed the lack of tinnitus 

effect on auditory perception as a result of two 

independent pathways between the tinnitus and 
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external sounds [25]. Speech perception test sco-

res were poor in reviewed studies even if audio-

logic findings were not conspicuous [19,31]. In 

other words, speech perception impairment was 

reported in subjects with no peripheral damage in 

most of these studies. This indicates that imp-

aired speech perception is not merely related to 

hearing loss. However, the exact effect of tinnitus 

on speech perception and the underlying mecha-

nism remains unclear. Some researchers men-

tioned different reasons such as noise exposure 

and relevant mechanical changes throughout the 

auditory system [34,38]. Most of studies con-

firmed that peripheral damage followed by neu-

roplasticity in the CAS plays a role in developing 

chronic tinnitus [35,39]. Majority of tinnitus pati-

ents have concentration difficulties. The prese-

nce of tinnitus could confuse the patients during 

the process of threshold detection [37,40]. Dec-

reased SRT scores in the absence of temporal/ 

spectral resolution deficits in subjects with tinni-

tus imply that tinnitus can occur without cochlear 

damage (sensorineural hearing loss). This creates 

a serious challenge to the model of cortical 

hyperactivity [30,36]. Therefore, we can claim 

that difficulties in speech perception arise from 

the interference of tinnitus with CAS function. In 

unilateral tinnitus, the presence of noise in the 

affected ear can increase speech perception due 

to reduced masking effect. However, studies 

suggest that tinnitus may affect the CAS, as a 

central masker, when patients are involved in 

listening to speech in the presence of background 

noise [4,30]. The reviewed articles showed that 

tinnitus affects the CAS function including tem-

poral resolution, frequency discrimination, and 

speech perception especially in the presence of 

background noise, regardless of its origin. The 

use of small and heterogeneous study samples 

can be the possible reason for the contradictory 

results of reviewed studies. 

 

Conclusion 
Central auditory system function is affected in 

most of patients with tinnitus in terms of central 

auditory processing and speech in noise, even in 

normal-hearing people. High-frequency audio-

metry is more likely to be affected in patients 

with tinnitus than normal audiometry. More com-

plex tasks such as speech in noise recognition 

may be valuable in the standard audiometry, 

especially in hearing conservation programs. 

There is a high prevalence of difficulties in 

speech perception in patients with tinnitus. Spe-

ech in noise test should be routinely used in 

clinical practice. We recommend further studies 

with larger sample size for assessing speech 

perception in both quiet and noise to improve 

future interventions. Furthermore, further studies 

are recommended to investigate the impact of 

tinnitus on other auditory abilities (e.g. spatial 

localization, lateralization, etc.), listening effort, 

and non-auditory functions such as memory and 

attention. 
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