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General introduction and outline of the thesis  
 

The word ‘tinnitus’ originates from the Latin word ‘tinnire’, which means ‘jingling’ 
(1). The perception of tinnitus is experienced by many people over the world, 
although it is more common in Caucasian populations than in African-American 
populations (2;3). Men are described to experience this sensation more often than 
women, possibly related to the more impaired hearing thresholds in the male 
population (2;3). The prevalence of tinnitus increases with advancing age (3), related 
to the severity of hearing loss accompanying aging (2). Prevalence percentages 
varying from 10% to 30% (2;4) of the adult population, have been described. 
 Tinnitus can be perceived as an intermittent or a continuous sound (1), 
which can be constant or fluctuating in intensity and pitch throughout the day 
(5).The tinnitus perception frequently does not resemble a normal sound, so patients 
are not always able to describe the sound they hear or select a sound which is similar 
to their tinnitus. Matching the tinnitus to sounds showed levels of loudness just 10 
dB to 30 dB above hearing thresholds (1;6). Therefore, tinnitus is frequently much 
weaker than the patients’ perception of their tinnitus.  

A wide variation exists between the influence tinnitus has on every day 
activities. It seems to slightly bother some patients, but has much impact on quality 
of life in others. Severe tinnitus is frequently associated with a variety of 
audiological symptoms (e.g. hearing loss, hyperacusis and a distorted perception of 
sounds ), affective disorders (e.g. depression and anxiety), as well as symptoms 
affecting everyday mental and physical functioning (e.g. insomnia, concentration 
problems, loss of silence, irritability). Therefore, tinnitus can be defined as a chronic 
stressor for some people (7). ‘Clinical significant tinnitus’ is defined as ‘tinnitus that 
reached the level of severity for a patient to seek some type of professional help’ (8).  

Several classifications of tinnitus have been described during the last 
decennia, which we have used in order to create a definition containing different 
clinical and aetiological aspects of tinnitus. Inclusion criteria for selecting a specific 
tinnitus population were combined into this definition, creating a basis for the 
research programs of this thesis. Patients used in the different chapters of this thesis 
all meet the ‘Groningen Definition of Chronic Subjective Tinnitus’, derived from the 
following description of tinnitus.  

 

Description of tinnitus  
 
Tinnitus can be described according to its (A) characteristics, (B) aetiology and (C) 
severity.  

(A) Characteristics 
According to its duration, tinnitus can be acute or chronic;   
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Acute tinnitus can, for example, be experienced after an overexposure to loud 
sounds and is reversible in character (9). Measurement of distortion product 
otoacoustic emissions (DPOAEs) have been used for investigating acute tinnitus 
(10;11), finding reduced DPOAE-amplitudes on several frequencies in near-normal 
hearing subjects. This may indicate a reversible, less effective functioning of the 
cochlear efferent system in acute tinnitus (11) or a temporarily altered functional 
state of the outer hair cells at a selected frequency region of the cochlea (10).  

Chronic tinnitus is present for a longer period, in a clinical setting defined as a 
period longer than 3 months. The mechanisms responsible for inducing chronic 
tinnitus differ from those inducing acute tinnitus. Chronic tinnitus is currently 
assumed to be generated in the structures along the auditory pathway of the central 
nervous system (from cochlea to auditory cortex), as a consequence of early and late 
effects of neural plasticity. This will be described in Chapter 1.   

Since tinnitus can be perceived in one ear, in both ears or in the head, tinnitus 
localisation can be used as another classification based on tinnitus characteristics.  

• Unilateral tinnitus is perceived in only one ear;  
• Bilateral tinnitus is perceived in both ears, sometimes with an asymmetrical 

loudness perception (lateralization) or different character description in 
both ears.  

• Cranial tinnitus is perceived in the head rather than the ears, and can be 
lateralizing to one side, as well.  

 
Tinnitus can also be differentiated as objective and subjective tinnitus, and needs to 
be distinguished from auditory hallucinations  (2;3;12). Objective tinnitus, is a 
perception of sound that is physically generated inside the body of the patient (12), 
and is also called vibratory or extrinsic tinnitus, pseudotinnitus or auditory tinnitus 
(2). Patients perceive real sounds (3), which are sensed in the same way as normal 
sounds. These sounds can usually be heard by an external observer (12), and are 
conducted to the cochlea by bone conduction or to the middle ear cavity. Several 
causes of objective tinnitus have been described (3), often having a pulsatile 
character (2). The sound-generating sources of objective tinnitus will be described in 
the section ‘classification according to aetiology’ of this introduction. 

Subjective tinnitus is a phantom perception of sound without any physical 
sound being present (3;12). Subjective tinnitus can also be called idiopathic tinnitus, 
tinnitus aurium or nonauditory tinnitus (2). The only information known about the 
sound, is what the patient reports. Since this type of tinnitus has no objective signs, it 
cannot be assessed by means of objective tests (1). It is a phantom sensation of 
sound caused by pathologies within or around the ear, generating tinnitus in neural 
structures along the auditory system. The mechanisms associated with the generation 
of subjective tinnitus will extensively be described in Chapter 1.  

Auditory hallucinations are the third type of tinnitus mentioned, and can be 
defined as a perception of meaningful sounds, such as music or speech (12). These 
sounds are generated in cortical structures of the nervous system and often occur in 
psychiatric disorders, such as schizophrenia or psychosis (12).  
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A detailed medical history, medication use, overview of tinnitus characteristics, 
physical and otological examination, sometimes extended with radiological 
assessments, may help the clinician to differentiate between these different types of 
tinnitus. This is visualized in figure 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Assessments for clinical distinction between different forms of tinnitus 
 

(B)  Aetiology  
Several causes of chronic subjective tinnitus have been proposed in literature, 
although some of them remain doubtful. Lockwood (3) generally divided etiology of 
subjective tinnitus into otologic-, neurotologic-, infectious-, drug-related- and other 
causes (3). Shulman (13) simplicified the etiology of subjective tinnitus into 
otologic- and neurotologic causes, based on history, physical examination, cochlear-
vestibular evaluation, sometimes followed by radiological studies.  

As previously mentioned, tinnitus can be perceived unilaterally, bilaterally 
or cranially. Unilateral subjective tinnitus can be caused by every otologic or 
neurotologic disease that concerns only one ear, for example: asymmetrical hearing 
loss (the prevalence of unilateral tinnitus is higher on the side with greater hearing 

chronic tinnitus ( >3 months) 

interview: 
° sociodemographical records 
° tinnitus characteristics 
° medical history 
° (ototoxic) medication use 

ENT examination: 
° otoscopy 
° head and neck assessments 
physical examinations 
° blood pressure 
° auscultation carotid arteries 
° auscultation periaural region 
radiological assessments on 
indication 

tinnitus is not objectifiable, 
non-pulsitile and a 
meaningless sound 

tinnitus is an 
objectifiable 

sound 
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meaningful sound 

chronic subjective tinnitus 

chronic objective 
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loss (2)), recurrent unilateral ear infections, ear surgery, unilateral head trauma, and 
an acoustic tumour. Aetiology of bilateral or cranial subjective tinnitus concerns 
otological, neurotological, metabolic, iatrogenic or other problems that affect both 
ears and the auditory system. Chapter 2 will describe some of these causes in detail.  

The aetiology of objective tinnitus can be generally divided into vascular 
and muscular causes (3). Spontaneous otoacoustic emissions have been described as 
a cause for objective tinnitus, as well (3). For diagnosing vascular causes of 
objective tinnitus, the clinician may consider the causes of turbulent blood flow, 
such as carotid artery stenosis, vascular anomalies, vascular tumours, valvular heart 
disease and states of high cardiac output (3). Sound produced by turbulent blood 
flow can reach the cochlea and cause pulsatile tinnitus. Muscular causes of objective 
tinnitus predominantly concern myoclonuses of palatal-, stapedius - or tensor 
tympany musculatures. Tinnitus predominantly concerns a non-pulsatile sound, 
although some patients describe the tinnitus they perceive as having a pulsatile 
character. Pulsatile tinnitus can be generated by a physical cause generating tinnitus 
somewhere in the body, with predominantly vascular origin (2). Venous vascular 
causes of pulsatile tinnitus can be benign intracranial hypertension, jugular bulb 
anomalies and hydrocephalus. Arterial vascular causes of pulsatile tinnitus can be 
atherosclerotic carotid artery disease, arterial-venous fistulas and malformations and 
hypertension.  

(C) Severity 
Tinnitus can be classified according to the patients own judgement about the 
perceived tinnitus severity. The amount of annoyance tinnitus causes varies a lot 
among different patients. Hallam (14) mentioned in his habituation theory that most 
of the suffering caused by tinnitus is due to the difficulties in habituation to the 
perceived tinnitus sound. Patients complaining of severe tinnitus fail to habituate to 
the sound more than non-complainers. Moller (1;12) classified tinnitus in mild, 
moderate or severe. Mild tinnitus does not interfere noticeably with everyday life. 
Moderate tinnitus can cause some annoyance and may be perceived as unpleasant. 
Severe tinnitus affects a persons life in major ways, making it impossible to sleep 
and perform intellectual work. Andersson (15) described a subjective rating of the 
tinnitus in relation to annoyance and different grades of severity. Tinnitus of the first 
grade of severity is only audible in silent environments. The second grade of tinnitus 
is audible only in ordinary acoustic environments, but masked by environmental 
sounds. It can disturb going to sleep, but doesn’t affect sleep in general. Tinnitus of 
the third grade is audible in all acoustic environments. It disturbs going to sleep, can 
disturb sleep in general and is a dominating problem that affects the quality of life.  

Tinnitus severity can be assessed using validated questionnaires: the 
Tinnitus Reaction Questionnaire (TRQ) (16), the Tinnitus Severity Questionnaire 
(TSQ) (17), the Tinnitus Handicap Questionnaire (THQ) (18), the Tinnitus Handicap 
Inventory (THI) (19), the Tinnitus Effects Questionnaire (20), and the Tinnitus 
Questionnaire (TQ) (21). 
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Groningen definition of chronic subjective tinnitus 
 
Using all different aspects of tinnitus classification described above, we have created 
a definition, enabling us to select a specific group of tinnitus sufferers used in our 
studies of this thesis. The definition that was developed is composed of the 
following elements: 
1) chronic tinnitus; being present for at least three months, 2) subjective tinnitus, 
which cannot be objectified by an external observer, no detectable physical cause 
and no acoustic external sound being present, 3) non-pulsatile tinnitus, 4) tinnitus as 
a perception of meaningless sounds, therefore excluding auditory hallucinations, 5) 
tinnitus affecting the everyday activities and the experienced quality of life, 6) 
tinnitus origin being peripherally located in or around the ear leading to mechanisms 
generating tinnitus in neural structures along the auditory pathways of the central 
nervous system. 

According to these six criteria, we have created the following ‘Groningen 
definition of chronic subjective tinnitus’; 
 
Tinnitus is a perception of meaningless sounds in absence of an acoustic external 
stimulus, which is chronic and may affect everyday activities and quality of life. 
Tinnitus could be a manifestation of neural activity with an otologic, neurotologic, 
infectious, drug-related or other origin, generating tinnitus along the auditory 
pathways at sites different from the initial pathology. This subjective tinnitus is only 
experienced by the patient and cannot be objectified by an external observer. 
 
Objectives and outline of this thesis 
 
The first objective of this thesis was the evaluation of current ideas about the 
manifestations of neural plasticity in generating tinnitus in order to improve our 
knowledge about tinnitus’ pathophysiology. Tinnitus-related neural activity in the 
auditory pathways was visualized by means of neuroimaging techniques, like PET 
and fMRI. 
 
The second objective was the development of a clinical, multidisciplinary approach 
in diagnosing tinnitus. The purpose of this protocol for clinical evaluation of the 
present state and course of tinnitus is the provision of a diverse, individually 
applicable, set of assessment tools for chronic subjective tinnitus patients visiting an 
outpatient clinic. The role of personality traits, indicators of psychological distress 
and the implications on coping abilities will be outlined.  
 
The third objective of this study is the evaluation of innovative techniques for 
tinnitus modulation, via chronic electrical stimulation of the vestibulocochlear nerve 
and transcranial magnetic stimulation.  
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To achieve these objectives several studies were undertaken, leading to new insights 
into pathophysiology, diagnosis and treatment of chronic, subjective tinnitus. 
 Chapter 1 ‘Tinnitus and neural plasticity of the brain’, describes a review 
about pathophysiological mechanisms of chronic, subjective tinnitus. The role of 
early and late effects of neural plasticity of the brain will be outlined.  
 Chapter 2 ‘Clinical evaluation of chronic, subjective tinnitus’ presents an 
overview of clinical, physical, audiological and psychological assessments that can 
be applied in an individual situation at the outpatient clinic. This clinical diagnostic 
protocol has been used in 105 and questionnaire evaluation in 265 chronic, 
subjective tinnitus patients and results are presented in  
 Chapter 3 ‘Results of clinical evaluation of 105 and questionnaire 
evaluation of 265 help-seeking, chronic tinnitus sufferers’.  
 Chapter 4 ‘The distressed (Type D) personality is independently associated 
with tinnitus adjusted for other personality characteristics’, describes a case - 
control study about personality characteristics Neuroticism, Extraversion, Emotional 
Stability and Type D (distressed) personality. This is the first study that describes the 
role of the Type D personality construct in a tinnitus population.  

Chapter 5 ‘The impact of Type D personality on health-related quality of 
life and disease severity in chronic tinnitus patients is largely mediated by 
psychological distress’ introduces vital exhaustion, besides anxiety and depression, 
as predictor of generic health-related quality of life and tinnitus severity. The 
influence of having a Type D personality on psychological distress and health-
related quality of life will be evaluated. 
 Chapter 6 ‘The additive effect of co-occurring anxiety and depression on 
health status, quality of life, and coping strategies in help-seeking tinnitus patients’ 
investigates whether anxiety and depression have a synergistic effect on generic and 
tinnitus-specific health-related quality of life and coping strategies in a population of 
265 help-seeking tinnitus sufferers.  
 Chapter 7 ‘Long-term evaluation of treatment of chronic, therapeutically 
refractory tinnitus with neurostimulation of the vestibulocochlear nerve’ describes 
the results of long-term evaluation of four tinnitus patients successfully treated 
between 2001 and 2003 with a neuromodulation system, consisting of a stimulation 
lead, connected to an external pulse generator via an extension cable (22). This 
treatment modality was developed in analogue with chronic (phantom) pain, 
according to the point of view that tinnitus might be reversible if the distorted 
patterns of input are restored. 
 Chapter 8 ‘Quantifying and modulating tinnitus using neuroimaging 
techniques and Transcranial Magnetic Stimulation (TMS)’, presents preliminary 
results of three studies with neuroimaging (fMRI and PET) and TMS. The subjective 
character of tinnitus creates difficulties in diagnosing and treatment, since the only 
information about tinnitus severity, characteristics and treatment success is reported 
by the patient. Since chronic, subjective tinnitus is a manifestation of neural activity 
in the central nervous system, the role of neuroimaging techniques (e.g. PET and 
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fMRI) and neuromodulating devices (e.g. Transcranial Magnetic Stimulation, TMS) 
gain interest and will become keystones in tinnitus diagnosing and treatment.  
 Chapter 9 ‘General conclusions and future perspectives on 
pathophysiology, diagnosis and treatment of tinnitus’ discusses scientific research 
programs - concerning animal, pharmaceutical and neuroimaging studies -, proposes 
the use of uniform clinical assessment protocols, and outlines the increasing role of 
multidisciplinary treatment approaches and development of new treatment 
modalities with neuromodulation.  
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