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     Abstract 

Background: Tinnitus is defined as the perception of the sound in the absence of external stimulation. Since tinnitus is a 

subjective phenomenon, its characteristics vary from individual to individual. A vast heterogeneity prevails in the 

pathophysiology of tinnitus. The phenomenon of maladaptive plasticity changes in the auditory system and Non- auditory 

system is widely accepted mechanism of tinnitus.  

Objective: A very few studies have been to identify the stimulus most matched by the individuals with tinnitus. None of 

the study could explain the reason behind why a particular stimulus is perceived most by the tinnitus group amidst the 

heterogeneity in the subjective perception. This study is mainly done to identify the stimulus reported by tinnitus group 

as most mimicking their tinnitus and to explain the neurophysiology behind this homogeneity in the perception. To sort 

out the stimulus that is most matched by the individuals with tinnitus in tinnitus matching testing using Pure Tone 

Audiometer and to explore the neurophysiological mechanisms responsible for the commonality in perception of tinnitus.  

Method: This is the retrospective review of data obtained from Pure-tone audiometry and tinnitus evaluation results 

of129 individuals with different degrees of sensory-neural hearing loss. The data was analysed and expressed in terms of 

numbers and percentage. 

Results: Among the 129 individuals, 67% ( 83 individuals) reported Pure Tone tinnitus; 18% ( 23 individuals) reported 

Narrow Band Noise tinnitus; 10% (12 individuals) reported White Noise tinnitus; 3% (4 individuals) reported warble 

tone like tinnitus and remaining 2% (2 individuals) reported pulsed tone like tinnitus. 

Conclusion: Through this study, we conclude the type of stimulus which is predominantly perceived in individuals with 

tinnitus. The hyperactivity in classical pathway is more prevalent than non- classical pathway. 
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Abbreviations: TMS: Transcranial Magnetic 
Stimulation; PTA: Pure Tone Audiometry 
 
 

Introduction 

     The word tinnitus is derived from the Latin word 
‘tinnire’ which means to ring like a bell. It is defined as the 
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phantom auditory sensation i.e., the perception of sound 
without corresponding acoustic or mechanical correlates 
in the cochlea [1]. Tinnitus represents one of the most 
common and distressing otologic problems which cause 
various somatic and psychological disorders that interfere 
with the quality of life [2]. Tinnitus is one of the most 
prevalent medical conditions in the world. It is estimated 
that 20-35 % of the population are affected by tinnitus. A 
population based study of hearing loss in adults aged 48 
to 92 years found that tinnitus had a prevalence of 8.2% 
at baseline and an incidence 5.7% during a 5 year follow 
up [3]. Tinnitus is categorized into subjective tinnitus and 
objective tinnitus. Objective tinnitus refers to sound 
generated by the body that are heard by the patient and 
also by the physician whereas subjective tinnitus is 
perceived by the individual alone without any external 
stimulus. The exact mechanism behind the perception of 
subjective tinnitus is poorly understood. This poor 
understanding of the tinnitus mechanism is mainly due to 
the subjective nature of the tinnitus which can be 
measured, quantified and described only by the responses 
of the individuals. However, based on the neurobiological 
research the most forms of tinnitus are attributable to the 
maladaptive plasticity changes in auditory system [4-8] 
and non- auditory system [9]. The maladaptive plasticity 
changes includes the enhanced central gain due to the 
compensatory increase in the central auditory activity in 
response to the loss of sensory input and the abnormal 
emotional reactions associated with the tinnitus [10,1]. 
 
     Very few studies have been done to find out the most 
common type of stimulus matched by the individual with 
tinnitus. None of the study could explain the reason why a 
particular stimulus type is perceived most. The stimulus 
matched with tinnitus is very important in tinnitus 
treatment as the amount of tinnitus suppression depends 
on the tinnitus characteristics and the stimulation design 
used. The tonal tinnitus can be suppressed equipotentially 
by tonal or noise stimulation in masking and tonic or 
burst stimulation in Transcranial Magnetic Stimulation 
(TMS) whereas the noise tinnitus can be suppressed only 
by noise stimulation in masking or by burst stimulation in 
Transcranial Magnetic Stimulation (TMS) [11]. The aim of 
the study is to identify the stimulus most perceived by the 
individuals with tinnitus and to establish the reason from 
the literature for higher prevalence of a particular 
stimulus over other stimulus matched by the tinnitus 
group. 
 

Materials and Methods 

     The study included 129 patients (ears) who were 
suffering from unilateral continuous subjective tinnitus. 
The age range of the patients included in study was 11-80 
years. All the patients underwent audiological Pure Tone 
Audiometry (PTA) and were diagnosed to have sensory-
neural hearing loss and the severity ranging from mild to 
severe (according to World Health Organization grades of 
hearing impairment-WHO, 2008). The audiometric testing 
was carried using INVENTIS PIANO audiometer, supra 
aural headphones TDH-39 and the testing was carried in 
the acoustic treated room. The Pure Tone Audiometry 
testing was carried on all individuals to obtain the hearing 
thresholds of the individuals at each frequency i.e 
125Hz,500Hz,1kHz,2kHz,4kHz and 8kHz in Air 
conduction testing and Bone Conduction testing 
(excluding 8kHz). If threshold in any of the frequency was 
found to be above 25 dB HL, then it was diagnosed as 
hearing loss. All the patients underwent tinnitus 
evaluation that included pitch matching, loudness 
matching and octave confusion test. The patients were 
counseled clearly regarding the test procedure. Pure 
tones and Narrow Band Noises were used according to 
the range of loudness and frequency. 12 kinds of 
frequencies were used for pitch matching. The patients 
were instructed to match the pitch of the external tone to 
the pitch of the tinnitus. The tone was presented in the 
ear contralateral to the tinnitus ear to avoid residual 
inhibition. Three trials of pitch matching with an interval 
of 1 minute were given. Once the pitch of tinnitus was 
established, the patients underwent octave confusion test 
where they were asked to perform the pitch matching 
with two confusing tones. One tone was one octave above 
the pitch of the tinnitus established in pitch matching and 
other tone was one octave below the pitch of the tinnitus. 
The pitch matched by the individuals on all three trails 
with negative octave confusion test was considered as the 
pitch of tinnitus. 
 

Results 

     Among the 129 individuals, 67% ( 83 ears) reported 
Pure Tone tinnitus; 18% ( 23 ears) reported Narrow Band 
Noise tinnitus; 10% (12 ears) reported White Noise 
tinnitus; 3% (4 ears) reported warble tone like tinnitus 
and remaining 2% (2 ears) reported pulsed tone like 
tinnitus (Figure 1). 
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Figure 1: Different types of stimulus matched with perceived tinnitus. 
 

Discussion 

     The higher prevalence for pure tone is comparable to 
other study. According to the study by Eun Woong Ryu, et 
al. [12] in 2011 conducted on 50 individuals revealed 
72% of individuals indicated pure tone tinnitus and 24% 
indicated narrow band noise tinnitus [12]. Another study 
by Larry ER, et al. [13] in 2008 conducted on 90 
individuals showed 53.3% indicated tonal tinnitus and 
46.6% indicated noise tinnitus [13]. Another study by 
Turner [14] on 1990 showed 59% of individuals indicated 
tonal tinnitus and 25% indicated noise type tinnitus [14]. 
All these studies indicate pure tone tinnitus to be most 
matched by the individuals with tinnitus. However none 
of the studies could explain the reason for the perception 
of tonal tinnitus to be the most common among the 
tinnitus group. The subjective nature of the tinnitus and 
the subjective assessment of the tinnitus are the potential 
challenges to delineate the reason for this perception of 
tonal tinnitus. However few neurobiological studies have 
tried to reveal the neurophysiology behind the perception 
of tonal and noise tinnitus. A study by Sven Vanneste, et 
al. [15] provided Neuro-physiological differences between 
pure tone tinnitus and narrow band noise tinnitus using 
EEG findings. This study demonstrated that Narrow Band 
Noise tinnitus differ from the pure tone tinnitus in lateral 
fronto polar and Para-hippocampal areas for delta, beta 
and gamma frequency [15]. Another study by De Rider et 
al in 2007 supported the hypothesis that noise tinnitus 
may be caused by the increased burst firing in the non-
tonotopic extralemniscal system whereas pure tone 

tinnitus may be caused due to the increased tonic firing in 
the tonotopic lemniscal system through Transcranial 
Magnetic Stimulation (TMS) findings of 28 individuals 
with tinnitus (14 individuals with pure tone tinnitus and 
14 individuals with narrow band noise tinnitus) [11]. This 
study yielded the finding that noise tinnitus is suppressed 
by burst stimuli and tonal tinnitus is suppressed by either 
tonal stimuli or burst stimuli. The classical pathway use 
neurons of ventral thalamus that project to the primary 
auditory cortex. They respond to the sensory stimulation 
of one modality. The non- classical pathway use medial 
and dorsal thalamic nuclei that project to secondary 
auditory cortex bypassing the primary auditory cortex. 
They respond to the sensory stimulation of more than one 
modality [11]. Neurons in ventral thalamus fire in tonic or 
semi tonic mode while neurons in medial or dorsal 
thalamus fire in bursts [16,17]. A study by Moller AR, et al. 
[18] have described that some forms of tinnitus may 
involve the extralemniscal system [18]. Through all these 
studies, we suggest that hyperactivity in the tonotopically 
organized lemniscal system is more common than that of 
the extralemniscal system which could be the probable 
reason for the perception of Pure Tone tinnitus to be 
more common among the individuals with subjective 
tinnitus. 
 

Conclusion 

     Tinnitus is becoming a prevalent medical condition. 
The pathophysiology of tinnitus is not well explained due 
to the subjective nature and heterogeneity in the 
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characteristics of tinnitus. The present study was aimed 
to identify the homogeneity in the stimulus perception in 
tinnitus group. Through this study, we conclude that Pure 
Tone tinnitus is most common followed by the Narrow 
Band Noise tinnitus and White Noise tinnitus. We also 
conclude that the pure tone tinnitus is may be due to the 
hyperactivity in Lemniscal system while the Noise 
tinnitus may be due to the hyperactivity in Extra-
Lemniscal System.  
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