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Ik heb een steen verlegd, 
in een rivier op aarde. 

Het water gaat er anders dan voorheen. 
De stroom van een rivier, hou je niet tegen 
het water vindt er altijd een weg omheen. 

Misschien eens gevuld, door sneeuw en regen, 
neemt de rivier m'n kiezel met zich mee. 

Om hem, dan glad, en rond gesleten, 
te laten rusten in de luwte van de zee. 

 
Ik heb een steen verlegd, 

in een rivier op aarde. 
Nu weet ik dat ik nooit zal zijn vergeten. 

Ik leverde bewijs van mijn bestaan. 
Omdat, door het verleggen van die ene steen, 
de stroom nooit meer dezelfde weg zal gaan. 

 
 © Bram Vermeulen  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Aan  professor F.W.J. Albers
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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 

tinnitus is a 
meaningful sound 

chronic subjective tinnitus 

chronic objective 
tinnitus 

auditory hallucination 
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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). 
 



K

 

 
General introduction and outline of the thesis 

 
 15

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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Abstract 
 
Objective   
Describe the current ideas about the manifestations of neural plasticity in generating 
tinnitus. 
Study selection  
Review articles and controlled trials were particularly selected. 
Data were selected systematically, scaled on validity and comparability. 
Conclusions  
An altered afferent input to the auditory pathway may be the initiator of a complex 
sequence of events, finally resulting in the generation of tinnitus at the central level 
of the auditory nervous system. The effects of neural plasticity can generally be 
divided into early modifications and modifications with a later onset. The unmasking 
of dormant synapses, diminishing of (surround) inhibition and initiation the 
generation of new connections through axonal sprouting are early manifestations of 
neural plasticity, resulting in lateral spread of neural activity and development of 
hyperexcitability regions in the CNS. The remodeling process of tonotopic receptive 
fields within auditory pathway structures (DCN, IC and the auditory cortex) are late 
manifestations of neural plasticity. The modulation of tinnitus by stimulating 
somatosensory or visual systems in some tinnitus sufferers might be explained by 
the generation of tinnitus following the nonclassical pathway. The similarities 
between the pathophysiological processes of phantom pain sensations and tinnitus 
have stimulated the theory that chronic tinnitus is an auditory phantom perception. 
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Introduction 
 
Approximately 10 to 15% of the general population complains of continuously 
perceiving tinnitus, and 4-5% is severely affected by this intrusive symptom (1;2). 
The perception of tinnitus causes tinnitus sufferers to experience problems like 
anxiety, depression, problems falling asleep and reduced ability to concentrate and 
relax. Consequently, tinnitus may have great negative implications on the perceived 
quality of life and frequently causes a great amount of psychological distress.  

Whether tinnitus is generated in the cochlea or in higher structures of the 
auditory pathways has been a frequently discussed topic over the last decennia. The 
heterogeneity observed in a population of tinnitus sufferers indicates that several 
different mechanisms may be responsible for the generation of tinnitus. The precise 
origin of tinnitus generation and associated mechanisms are only partially 
understood and we may assume that no single theory explains all forms of tinnitus. 
Several different mechanisms may be responsible for tinnitus in the same person, as 
well. 
 
The auditory system 
 
The auditory system is characterized by several feedback loops between the different 
structures of the auditory pathways, a tonotopic frequency selectivity within 
receptive fields and a differentiation between classical and nonclassical pathways. 
The different structures and pathways of the auditory system are shaped by 
GABAergic and glutamergic modulations, as mentioned in figure 1.  

The classical or lemniscal pathway (figure 1) is defined as strictly auditory, 
narrowly tuned to frequency, processing the auditory information from the cochlea 
to the primary auditory cortical areas, via the ventral cochlear nucleus, the central 
part of the inferior colliculus and the ventral nucleus of the thalamus (3;4). Several 
feedback loops characterize the auditory system connecting the cochlea to the 
superior olivary complex, the lower brain stem nuclei to the inferior colliculus, and 
the inferior colliculus to the thalamocortical system (3;5). 

Inhibitory activity can be differentiated into infield inhibition and surround 
inhibition. GABAergic infield inhibition arises from and remains at the same 
receptor area as (glutamergic) excitation to the neurons, whereas GABAergic 
surround inhibition is the inhibition surrounding excitatory receptive fields (10-12).  
The tonotopic organization of the cochlea is represented in several structures of the 
auditory pathway: in the auditory nerve, the dorsal cochlear nucleus (DCN), the 
inferior colliculus (IC) and auditory cortex (9;13-15). The tonotopic organization is 
characterized by a neuronal frequency selectivity; this indicates that a neuron is 
capable of responding to a limited range of frequencies and responds most 
sensitively to a single frequency, called the characteristic frequency (16). 

The nonclassical or extralemniscal pathway (figure 1) processes 
information parallel to the classical pathway (4). The nonclassical pathway is 
believed to branch off from the classical pathway at the level of the inferior 



Tinnitus and neural plasticity of the brainG 
 

 
22

colliculus (3;4;7); it projects to the medial and dorsal portions of the thalamus and 
the association cortices, which in turn have connections to the amygdala and other 
limbic system structures (3;17). The nonclassical pathway is more broadly tuned, 
more diffusely organized and is considered as being more plastic compared to the 
classical pathway. Since the nuclei of the nonclassical pathway perform less specific 
analysis of sounds than those of the classical pathway (18), the nonclassical pathway 
is normally not involved in hearing (17). The nonclassical pathway receives 
information not only from the ear, but also from other sensory organs of other 
sensory systems, such as the somatosensory system and the visual system (19).  

The neurons within the receptive fields of the different structures of the 
auditory pathways are modulated by excitatory and inhibitory inputs, respectively 
predominantly glutamergic and GABAergic in character (6-9) 
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Peripheral input deprivation initiates the central modifications in 
the generation of tinnitus   
 
Tinnitus has been described in association with nearly every form of ear pathology, 
and the majority of tinnitus cases are related to cochlear dysfunction (5). Deprivation 
of input, abnormal input or injury are frequently initiating causes of tinnitus at 
peripheral level. Peripheral causes of tinnitus can generally be divided into 
subgroups with an otologic, neurologic, infectious, drug-related, and other origin 
(20).  These peripheral causes alter the afferent input to the central auditory system.  

Cochlear damage and loss of auditory receptors, the hair cells, are most 
frequently described as being the initiating causes of tinnitus, caused by mechanical 
lesions of the cochlea, biochemical lesions induced by ototoxic drugs, noise 
exposure, and aging. A diminished afferent input to the CNS can also be caused by 
dysfunction, injury, compression or irritation of the auditory nerve. Sectioning of the 
auditory nerve on one hand induces or increases tinnitus in some subjects, indicating 
a central origin of tinnitus (19;21-23), but on the other hand it diminishes or reduces 
tinnitus in other subjects (21;23).  

In order to compensate for and adapt to an altered peripheral afferent input, 
and sometimes even a completely diminished input in deaf patients, the function of 
several central structures of the auditory pathway may consequently alter. This may 
lead to the generation of tinnitus in central parts of the auditory pathways.  
 
Pharmacological, animal and neuroimaging studies prove the 
generation of tinnitus in the central auditory pathways 
 
Intense sound exposure (13;16;24-26) and the tinnitus-inducing agents salicylate and 
quinine (5;16;27;28), are described to induce tinnitus by altering the peripheral 
afferent neural input. Measured alterations of frequency representations in the 
different structures of the auditory pathway, effects on neuronal firing patterns and 
increases in spontaneous neural firing rates, have all been described to be neural 
correlates of tinnitus (13;16;22;25).   
Animal studies investigating the processes of neural plasticity in the DCN and the IC 
support the hypothesis that both structures might be an important site for the 

Legends figure 1 
 

I feedbackloop between the cochlea and the Superior Olive Nuclei (SOC) and  
 the Dorsal and Ventral Cochlear Nucleus (DCN and VCN) 
 
II feedbackloop between the DCN / VCN and the Inferior Colliculus ( ICexternal and ICcentral) 

 
III feedbackloop between the IC and the thalamicocortical system (Ventral, Medial and Dorsal Nuclei of 

the Thalamus and Primary and Association Cortices) 
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generation and modulation of tinnitus-producing signals (24;29;30). Following an 
intense tone exposure and pharmacologically decreased GABA-mediated inhibition, 
an increased spontaneous activity was measured in the DCN and the IC of several 
species (7;24;26;28-34).  

The alterations of the response properties of neurons of the auditory 
pathways after noise trauma, application of ototoxic drugs and pharmacological 
distortion of excitation and inhibition, indicate the involvement of several structures 
of the central auditory pathways in the generation of tinnitus. Central changes are 
assumed to correspond tonotopically to damaged regions of the cochlea (15). Since 
the effects of noise trauma and ototoxic drugs have been described to possibly 
induce tinnitus in tinnitus sufferers, it is reasonable to assume that the mechanisms 
measured in these studies contribute to the understanding of the pathophysiological 
processes concerning the generation of tinnitus. 

Neuroimaging studies have been used to measure tinnitus-related effects on 
brain metabolism and cerebral blood flow. Real sounds presented to just one ear 
produce bilateral auditory cortex activity, whereas tinnitus-associated brain activity 
is usually unilateral measured by means of neural imaging techniques like PET and 
fMRI (35;36). Therefore, unilateral measured brain activity associated with tinnitus 
demonstrates that tinnitus is not directly induced by activity of the cochlea but is 
generated in higher structures of the auditory pathways. Using fMRI, Melcher (37) 
compared the neural activity of unilateral tinnitus sufferers with the neural activity 
of non-tinnitus sufferers during on and off conditions of sound. Tinnitus is 
associated with an increased basic level of neural activity during off-conditions of 
sound. When offering sound, the increase in neural activity from basic level to 
sound-induced neural activity compared between tinnitus subjects and non-tinnitus 
subjects is smaller, indicating the central origin of tinnitus.  

Several neuroimaging studies have been performed during tinnitus 
modulation by voluntary movements or pharmacological manipulation: tinnitus 
influenced by voluntary jaw movement (36); evoked by lateral gaze (38;39) ; 
modified by oral-facial movements (40); influenced by cutaneous stimulation (41); 
and modulated with pharmacologic agents like lidocaine or tinnitus masking 
procedures (42;43). In other neuroimaging studies, those tinnitus sufferers who are 
able to modulate their tinnitus sensation by a voluntary act, proved to be particularly 
useful for determination of tinnitus-related neural activity. By measuring the 
distinction between brain activity during tinnitus perception and during tinnitus 
suppression, tinnitus-related brain activity can be determined. Activity measured 
within structures of the limbic system and sympathetic nervous system (44-47) 
might indicate the central origin of tinnitus-related symptoms, like anxiety, 
depression, negative attention, emotion and memory.  
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Neural plasticity in the generation of tinnitus 
 

The general role of neural plasticity of the central nervous system is adaptation to 
altered peripheral input and compensation for the effects induced by injury or 
diseases (17). Neural plasticity occurs in all parts of the central nervous system as a 
normal consequence of a deprivation of peripheral input, an abnormal peripheral 
input or injury, learning, adaptation, and even behavioral training (12;17;48-50). 

Injury and use related plasticity of cortical receptive fields in 
somatosensory, visual and auditory cortices have been described (51-54). The 
mechanisms of plasticity are assumed to be similar across all cortical regions (54), 
and may reflect an accumulation of both cortical and subcortical changes.   

Many studies support the hypothesis that neural plasticity plays an 
important role in the generation of tinnitus (16;17;19;36;49;51;55-57).Because of 
close loop interaction between the different structures of auditory system, the strong 
GABAergic and glutamergic influence and the crossmodal interactions along the 
nonclassical pathway, a substantial part of the brain must somehow be involved in 
the sensation and generation of tinnitus. Disturbances in one part of the auditory 
system are reflected in changed functional properties in other parts of the central 
auditory pathways (15). Since several processes seem to work synergistically, the 
distinction between peripheral or central origin of tinnitus does not seem very 
relevant. The effects of neural plasticity following peripheral receptor organ damage 
can be divided into modifications with an early or later onset. 
 
Legends figure 2 
Section II: The early modifications of neural plasticity in the generation of tinnitus.  
A disturbed peripheral afferent (auditory) input initially causes a disruption of the 
balance between the inhibitory and excitatory influences. A reduced GABAergic 
inhibition unmasks dormant synapses and creates new connections through axonal 
sprouting. This results in a ‘lateral spread’ of neural activity and hyperactivity in 
the different structures of the auditory pathways that may result in the generation of 
tinnitus. 
Section III: The reorganization process of tonotopic receptive fields is a late 
manifestation of neural plasticity in the generation of tinnitus. Since the excitatory 
fields of the auditory system are shaped by (surround) inhibition, the reorganization 
of the excitatory receptive fields arises from the loss of surround inhibition in the 
auditory system. These reorganization processes and new axonal connections 
contribute to an excess of tonotopical cells representing a very restricted tonotopical 
area of the cochlea, perceived as tinnitus. 
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Figure 2. The effects of neural plasticity after disturbed afferent input 
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III. late consequences of neural plasticity 
Reorganization within the tonotopic receptive fields and creation of new connections through axonal  
sprouting; adjacent neurons of receptive fields take over the disturbed part of the tonotopic organization. 
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The early consequences of neural plasticity (figure section II) 
During the initial response to peripheral input deprivation, neural plasticity induces 
the unmasking dormant synapses (17;58) and downregulation of intracortical 
surround inhibition (13;59;60) and initiates the creation of new connections through 
axonal sprouting (17;49).  

Dormant synapses are synaptic connections that exist anatomically but 
normally not function as a result of high synaptic thresholds, inhibition or very low 
rate of input (17;58). Downregulation of intracortical surround inhibition might 
unmask dormant or suppressed interneuron connections and synapses in the CNS 
(13). These interneuron connections normally preexist, but are suppressed by the 
interneuron GABAergic (surround) inhibition (59;60). If these previous inactive 
synapses become conducting nerve impulses, it is called the unmasking of dormant 
synapses (58;61). 

Since the unmasked connections are predominantly excitatory in character, 
the excitatory response areas broaden, resulting in an expansion of excitatory 
receptive fields (10;11;62). The unmasking of dormant synapses and axonal 
sprouting might result in a redirection of neuronal information within the central 
nervous system, causing neuronal information to be directed to parts of the central 
nervous system normally not receiving this neuronal information. On one hand it 
leads to crossmodal interactions between the structures and pathways of different 
neural circuits, like the auditory system, the somatosensory and the visual system. 
On the other hand this leads to lateral spread of neural activity, resulting in enlarged 
regions of neural activity when stimulating the peripheral receptor. We assume that 
this ‘lateral spread’ of these excitatory response areas, creates conditions of 
hyperexcitability in the brain, resulting in tinnitus (13;17;49;55).  
 

Late consequences of neural plasticity (figure section III)  
The functional organization of tonotopical maps is not statistically fixed, but seems 
to alter and adapt dynamically in response to processes of neural plasticity 
(12;51;53;59;63). Following altered, peripheral, afferent input, the neurons in 
receptive fields initially becomes silent and less or unresponsive to peripheral 
stimulation (60), within a period of hours and days following peripheral 
deafferentiation, new axonal connections are created and the tonotopical map of the 
neuronal pathways becomes reorganized (64). Since the excitatory fields of the 
auditory system are shaped by (surround) inhibition, the reorganization of the 
excitatory receptive fields after peripheral damage is hypothesized to arise from the 
loss of surround inhibition in the auditory system (10-12;59;60). 

The tonotopical region in which the lesioned section of peripheral receptor 
organ is normally represented, becomes occupied by an expanded representation of 
adjacent, undamaged, perilesion parts and assumably of perilesion characteristics 
(3;10;12;13;15;16;29;49;50;65-67). This effect of tonotopical reorganization has two 
major implications. First, there is an excess of tonotopical cells representing a very 
restricted area of the peripheral receptor function. More neurons will be tuned to the 
same tonotopical characteristics. In tinnitus this results in a tinnitus pitch 
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predominantly located at the frequency edge of the hearing loss (3;9). Muhlnickel 
(66) found a significant association between subjective tinnitus strength and the 
amount of shift of the tinnitus frequency in the auditory cortex. 

Second, the spontaneous and stimulated activity of these neurons is more 
synchronized than it was before the reorganization, since more neurons are directed 
to the same function. Increased synchrony of spontaneous neural activity in the 
regions of these perilesion frequencies might have perceptual consequences and 
clinical implications, such as tinnitus (3;9).  
 

The role of extralemniscal pathways in the generation, 
modification and perception of tinnitus 
 
The effects of neural plasticity in reaction to an altered peripheral auditory input, 
seem to encompass more neuronal structures than only the neurons of the auditory 
pathways. The existence of crossmodal interactions between the somatosensory, 
somatomotor and visual pathways along the nonlemniscal pathway, might explain 
the fact that some patients are able to induce or modulate the perception of their 
tinnitus by activating one of these pathways (3;19;56). Several studies described 
tinnitus modulations by changing gaze (38;68;69), oral-facial movements (70), 
cutaneous stimulation (41), finger movements, craniocervical movements (71), 
trigeminal interactions or median nerve stimulation (72). The induced changes in 
tinnitus perception most frequently concern changes in tinnitus loudness instead of 
changes in tinnitus pitch or location (68). Since sounds cannot be modulated by 
these voluntary movements, tinnitus-related neural activity may not be transmitted 
via the same neural pathways that are normally activated by sound (72), indicating 
the nonlemniscal pathway to be possibly responsible for the generation of some 
forms of tinnitus. 

Tinnitus perception modulations caused by trigeminal ganglion activation 
are perhaps the clearest demonstration of involvement of the nonlemniscal pathway. 
Besides its sensory connections to head, oral mucosa, teeth and facial skin, the 
trigeminal ganglion is also neurally connected to the cochlea, the ventral and dorsal 
cochlear nucleus (VCN and DCN) and the inferior colliculus (IC) (73;74). Many 
tinnitus sufferers report to be able to modify their tinnitus perception by 
manipulating somatosensory regions of the head, neck and jaw, and by changing 
gaze. Neck injury, whiplash, tooth abscesses and temporomandibular joint 
dysfunction, have been frequently mentioned to initiate or modulate the tinnitus 
perception. These modulations or development of the tinnitus perception might be 
declared by the assumption that manipulation of the trigeminal ganglion influences 
the firing pattern in the DCN and the IC.  Increased firing of these structures of the 
auditory pathways might have perceptual consequences like tinnitus. 

Direct connections from the thalamic nuclei of the nonlemniscal pathway to 
the amygdala, the hippocampus and other structures of the limbic system, may 
explain the affective components often accompanying tinnitus (4;17;56). Fear 
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reactions, phonophobia, hyperacusis, and depression are examples of these affective 
symptoms. Unusual connections between the different structures within the CNS 
might be established by outgrow of new neural connections (axonal sprouting) or by 
increasing the efficacy of normally silent synapses (unmasking of dormant synapses) 
(17). The amygdala connects to parts of the endocrine and autonomic systems (19). 
This may explain the generation of tinnitus-related symptoms in the sympathetic 
nervous system.  

Correlations between tinnitus, phantom sensations and chronic 
pain 
 
Manifestations of neural plasticity have been attributed to phantom limb perceptions 
and neuropathic, chronic pain (22;54;72;75-77). Phantom limb sensations and 
phantom pain are perhaps the clearest demonstrations of disorders in which the 
neural activity causes symptoms that do not originate from the peripheral location at 
which the symptoms are perceived. Phantom pain is therefore believed to be a pure 
form of central pain, generated in the CNS (17).  

Phantom limb perceptions can be caused by a reorganization process of the 
somatosensory cortex (78-80). Perilesion cortical neurons ‘take over’ the function of 
the brain areas corresponding to the amputated limb (81). The induced phantom 
perceptions correspond to this reorganized region and spontaneous discharges of 
neurons in this region will be misinterpreted as arising from the missing limb 
(54;81;82). This can explain the phantom perceptions experienced by individuals 
after limb amputation, reporting to feel their phantom limb by touching the face 
(76;78). The amount of reorganization of the somatosensory cortex and the amount 
of phantom limb pain in upper extremity amputees seems to be significantly 
associated (78;80). This indicates similarity of the reorganization processes in 
phantom limb perception and tinnitus, since a similar correlation between the 
amount of reorganization of the auditory cortex and the perceived tinnitus severity is 
found by Muhlnickel (66). Perilesion frequencies take over the frequency 
representation of the cochlear lesion, comparable to the processes described after 
limb amputation. These parallels would therefore suggest tinnitus to be a phantom 
sensation (72;77).  

Besides phantom limb perceptions, tinnitus is often compared to the 
mechanisms causing chronic pain. Both tinnitus and chronic pain are subjective 
sensations, most frequently initiated by peripheral injury, inducing changes at central 
level of the nervous system (17;72;75;77). Chronic pain and tinnitus are disorders 
with different initiating causes and mechanisms of pathophysiology (72;77). Both 
conditions are continuous events that may change in quality and character over time. 
The strong psychological component that often accompanies both chronic pain and 
tinnitus might support the hypothesis that limbic brain areas are involved (72).  
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Conclusions 
 
The characteristics of the auditory system contribute to involvement of the whole 
auditory system in generating of tinnitus. An altering peripheral input induces 
dynamical modifiable manifestations of neural plasticity in central parts of the 
auditory system. Manifestations of neural plasticity result in early and late 
consequences, finally resulting in a lateral spread of excitatory interneuron 
connections and the development of hyperactivity within structures of the auditory 
pathways. Tinnitus may be the perceptual consequence of this hyperactivity in the 
brain.  

The ability of modulation of the tinnitus perception by activating 
somatosensory or visual systems, may be caused by neural activity along the 
nonclassical pathways. Since these modulations can create various conditions of 
tinnitus perception and neural activity, tinnitus-related neural activity can be 
determined, as used in several neuroimaging studies.  

The similarities between the pathophysiological processes of tinnitus, 
phantom pain and chronic pain perceptions create opportunities for development of 
new research and treatment modalities. Pharmacological, animal and neuroimaging 
studies explore the role of the CNS in the generation of tinnitus. Despite the great 
amount of research performed in the last decennia, much remains unknown about 
the pathophysiological processes of tinnitus. Further research is needed in order to 
enlarge our knowledge about tinnitus and for the development of new treatment 
modalities.   
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Abstract 
 
This chapter describes a diagnostic approach for investigating tinnitus patients, 
encompassing guidelines for interview, otological and general physical 
examinations, audiological assessments, questionnaire evaluation - of tinnitus-
related impact on quality of life, psychological distress and personality 
characteristics -, and additional radiological and laboratory assessments. This 
diagnostic approach is primarily designed for the assessment of patients suffering 
from chronic, subjective tinnitus. 

The assessments described in this protocol are indicated to identify the 
etiological problems related to the onset of tinnitus, in order to differentiate between 
different forms of tinnitus, to describe medical and audiological tinnitus 
characteristics, and to identify personality traits and psychological distress 
associated with tinnitus. The selected assessments are individually applicable and 
can therefore be applied for evaluating tinnitus patients visiting the outpatient clinic.  
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Introduction 
 
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. At first a 
differentiation needs to be made in order to select patients with a subjective tinnitus.  
 
Objective versus subjective tinnitus 
Several assessments of this protocol may contribute to a more reliable and valid 
differentiation between objective and subjective tinnitus. Since objective tinnitus 
needs a clinically different approach in diagnosis and therapy, the proposed clinical 
evaluation protocol is designed for those suffering from subjective tinnitus. By 
means of the presented guidelines, the clinician will be able to differentiate between 
subjective and objective tinnitus after patient interview, otological and general 
physical examinations, sometimes in combination with additional radiological 
assessments and referral to other disciplines. 
 
Objective tinnitus is generated by an acoustic source inside the body and can usually 
be objectified by an external observer (1;2). Several causes of objective tinnitus have 
been described, generally divided into vascular and muscular causes (3), often with a 
pulsatile character (1). For diagnosing a vascular cause of objective tinnitus, the 
clinician may consider the causes of turbulent blood flow, such as carotid artery 
stenosis, vascular malformations, vascular tumors, valvular heart disease, states of 
high cardiac output, benign intracranial hypertension, and jugular bulb anomalies 
(3). Myoclonuses of palatal-, stapedius- or tensor tympany muscles are muscular 
causes of objective tinnitus. These vascular and muscular causes generate sounds 
inside the body, which are conducted to the cochlea by bone conduction or to the 
middle ear cavity. These tinnitus sounds can be objectified by an external observer. 
 
Subjective tinnitus is the perception of a sound without any physical external sound 
being present (2;3) and without an objective vascular or muscular cause that 
generates the tinnitus sound. The only information regarding tinnitus characteristics 
comprises self-reported experiences and perceptions from the patient. Several 
initiating causes of subjective tinnitus have been described, generally divided into 
otologic, neurologic, infectious, metabolic, drug-related and other subgroups (3). 
These, peripherally located, initiating causes alter the afferent input to the central 
auditory pathways, inducing several manifestations of neural plasticity. This was 
previously mentioned in chapter 1 of this thesis. Early and late manifestations of 
neural plasticity generate hyperactive and hypersensitive regions in the central parts 
of the auditory system, which may result in subjective tinnitus as the perceptual 
consequence. 
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Table 1.  Guidelines for clinical evaluation of chronic, subjective tinnitus 
 
I. Initial interview - patients demographics 

- general tinnitus characteristics  
- general and tinnitus-related history and (ototoxic) medication use  

II. Otological and general 
physical examinations 
 

- routine otological examination  
- listening for palatomyoclonus, stapedial muscle spasm 
- head and neck region: cervical spine / neck, cranial nerves 
- temporomandibular joints 
- blood pressure measurement 
- auscultation of heart, carotid arteries, jugular veins, periaural region 

III. Audiological assessments 
 

- pure-tone and speech audiometry 
on indication:   
- tympanometry and stapedial reflex measurement 
- loudness discomfort level (LDL) 
- ABR, vestibular assessments  
tinnitus specific: 
- tinnitus localization determination 
- tinnitus loudness and pitch matching 
- minimal masking level determination 

IV. Validated questionnaires - tinnitus specific questionnaire for severity and quality of life (THI) 
psychological distress:  
- anxiety and depression (HADS) 
- vital exhaustion questionnaire 
personality characteristics:  
- neuroticism, extraversion (EPQ-N and EPQ-E) 
- negative affectivity and social inhibition; Type D personality (DS14) 

V. Additional assessments: 
- MRI or CT 

- consider if objective and pulsatile tinnitus 
- consider if suspicion for retrocochlear problems (unilateral of 
asymmetrical hearing loss and unilateral tinnitus) 

- Laboratory tests  

 

- indications for high cardiac output 
  * anaemia: Hb, Ht, MCV, ferriitine 
  * hypercholesterolaemia: lipid profile, cholesterol, triglycerid 
- indication for thyroid gland dysfunction: TSH, fT4 
- indication for infection: BSE and differentiation, Lues serology, 
Borrelia burgdorferi, CMV, etcetera 
- indication for renal and hepatic serology (ototoxic medications) 

- Consultation to other 
disciplines 

on indication: internal medicine, neurology, neurosurgeon, vascular 
surgeon, psychiatry, psychology, social worker, etcetera 
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Guidelines for clinical evaluation 
 
Now patients with chronic, subjective tinnitus are defined, we present guidelines for 
clinical evaluation of chronic, subjective tinnitus. Table 1 presents an overview of 
these guidelines.  
 
I Guidelines for interview  
 
Social-demographical characteristics 
Gender, age, profession, educational level, socioeconomic background and race are 
the patient demographics of the diagnostic protocol.  
 
General tinnitus characteristics  
Tinnitus can be perceived as an intermittent or a continuous sound  (3-7) that can be 
constant or fluctuating in intensity and pitch throughout the day (4;5;8). It can be 
perceived unilaterally, bilaterally or in the head (3-5;7;9) and sometimes lateralizes 
to one side (4;5). Unilateral or lateralized tinnitus is most frequently located at the 
side with the greatest hearing loss (1). The onset of tinnitus can be gradual or sudden 
(3-5), sometimes with a possible identifiable cause. The tinnitus sound can generally 
be divided into tones (ringing / buzzing / hissing / whistling / humming) and noises 
(hissing steam / rushing water / ocean waves) (3-5;10). Some tinnitus sufferers 
perceive a combination of several noises and tones. Background noise, alcohol, 
stress, emotions, sleeplessness (3), tobacco, drugs and caffeine (8) have been 
described to possibly modulate the tinnitus perception.  

Many tinnitus sufferers report a distorted perception of sound and 
annoyance for loud noises, defined as hyperacusis. Table 2 summarizes the tinnitus 
characteristics. 
 
Medical history 
Although the majority of tinnitus cases is related to cochlear dysfunction (11), 
tinnitus has been described in literature in association with nearly every form of ear 
pathology. Deprivation of auditory input, abnormal auditory input or injury of the 
auditory system are frequently initiating causes of tinnitus at peripheral level. The 
alteration of afferent input to the auditory system may result in tinnitus at central 
level of the auditory system as a consequence of neural plasticity. Tinnitus-causing 
conditions in medical history can be e.g. congenital hearing loss, hearing loss 
because of aging or exposure to loud noise, ear infections, otologic surgery, 
infections or inflammatory processes that affect hearing (like otitis media, 
meningitis, syphilis, Lyme disease), head injuries, neurological anomalies (e.g. MS, 
Whiplash, vestibular schwannoma), Meniere’s disease, etc. Since actually every 
manipulation of the afferent input to the auditory system can induce tinnitus, we do 
not describe tinnitus-causing conditions in further detail. Overall, subgroups of 
peripherally located, etiological causes of tinnitus can be differentiated into otologic, 
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neurotologic, infectious, metabolic, drug-related or other causes (3;12). Various 
possible tinnitus-initiating causes are described in table 3.  

In situations of co-occurring tinnitus and psychological symptoms such as 
anxiety and depression, its cause-and-effect relation remains unexplained; Induces 
tinnitus anxiety or depression or do pre-existing anxiety and depression increase 
tinnitus severity and impact on quality of life? The role of personality traits in the 
onset of tinnitus is still unclear. Do neuroticism or a distressed personality affect 
quality of life in tinnitus sufferers directly or is personality mediating the role of 
psychological distress on quality of life? Therefore, it may be relevant to register 
predisposing or preexisting psychological or psychiatric conditions.  
 
Medication  
Since ototoxic drugs may cause hearing loss and therefore possibly induce tinnitus, 
evaluation of current and previous use of medication might identify the use of 
ototoxic drugs in present or past. The ototoxic pharmaceuticals previously 
mentioned in tinnitus studies can generally be classified in terms of analgetics, 
antibiotics, chemotherapeutics, loop diuretics and others, mentioned in table 4 
(3;10;13). However, the mechanisms of ototoxicity are not always exactly clear and 
frequently are not described in the information leaflet of the pharmaceutical 
company. If tinnitus onset occurred within the same period as initiating ototoxic 
medication, an iatrogenic cause of tinnitus seems reasonable; unfortunately the 
relation between tinnitus onset and medication-use is most frequently not clear. 
Another explanation for this unclear relation between tinnitus and ototoxic 
medication is the frequent co-occurrence of tinnitus-inducing mechanisms, like e.g. 
hearing loss because of aging or noise-induced; this seems to have a greater role in 
tinnitus induction than the implications of mediation use.  

Overall, ototoxic drugs always need to be used with caution in patients with 
risk factors that predispose them to ototoxicity; some of these risk factors are 
advanced or young age, renal or hepatic impairments, pregnancy or history of 
hearing loss (13).  
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Table 2.  Tinnitus characteristics 
 
Tinnitus characteristics 

Duration 
 

years  months Days 

Location unilateral bilateral Head 

Lateralization no left  Right 
Intensity continuous Intermittent 
Volume constant Fluctuating 
Onset gradual Sudden 
Description tone Noise 

background noise louder softer no effect 
alcohol louder softer no effect 
stress /emotions louder   softer no effect 
sleeplessness louder softer no effect 
tobacco louder softer no effect 
medication louder softer no effect 

Influence 

caffeine louder softer no effect 
hearing loss           yes – no 
hyperacusis           yes – no 

Audiological manifestations 

residual inhibition   yes – no 
Tinnitus fluctuation throughout the 
day 

yes, especially….  
1. when awakening 
2. in the morning 
3. in the afternoon 
4. in the evening 
5. at night 

No 
 

Preferred surrounding prefer silence prefer noise 
Interference with understanding  
speech   

  yes – no 
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Table 3.  Tinnitus-related medical history 
 
Tinnitus-related medical history 

Hearing loss (non-infectious) 
- congenital 
- presbyacusis 
- noise exposure 
- otosclerosis 
- etcetera 

Hearing loss (infectious) 
- otitis media 
- external otitis 
- cholesteatoma 
- sudden deafness 
- Syphilis, CMV, toxoplasmosis, HIV 
- Ramsey Hunt syndr 
- Etcetera 

Otologic surgery 

Other otological problems 
- freezing 
- cerumen impactum 
- schwannoma 
- etcetera 

Neurological problems 
- trauma capitis 
- whiplash 
- multiple sclerosis 
- etcetera 

Vestibular problems 
- vertigo / M. Meniere 
- BPPD 
- vasovagal 
- etcetera 

Psychological problems 
- chronic pain 
- anxiety  
- insomnia 
- depression 
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Table 4.  Ototoxic medications reported in literature (3;10;13)   
 
Possible ototoxic medications 
 
Analgesics 

- Aspirin  
Antibiotics  

- Aminoglycosides 
- Chloramphenicol 
- Erythromycin 
- Tetracycline 
- Vancomycin 

Chemotherapeutics  
- Bleomycin 
- Cisplatin 
- Mechlorethamine 
- Methotrexate 
- Vincristine 

Loop diuretics  
- Bumetanide 
- Ethacrynic acid 
- Furosemide (Lasix) 

Others  
- Chloroquine  
- Heavy metals: mercury, lead 
- Heterocyclic antidepressants  
- Quinine 
- Benzodiazepine  
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II Guidelines for otological and general physical examinations 
 

General otological examination may help to find possible, and sometimes even 
treatable causes for tinnitus. General otological examination includes inspection of 
the external ear, the external meatus, the tympanic membrane and the middle ear. 
Otologic causes of subjective tinnitus that possibly can be diagnosed by means of 
otoscopy are, for example, external ear infections, swelling of the skin of the 
external auditory canal, impacted cerumen, tympanic membrane perforation, middle 
ear effusion, tympanosclerosis, middle ear infections, cholesteatoma, glomus 
tumors, and so on.  

General body examinations might differentiate between subjective and 
objective tinnitus. Since a high cardiac output may be a cause of objective tinnitus 
(3), blood pressure measurement is indicated. Auscultation of heart, carotid arteries 
and jugular veins (3) could be performed for excluding vascular causes of objective 
tinnitus. Measurement of muscular causes of objective tinnitus concerns auscultation 
for palatomyoclonus and idiopathic stapedial muscle spasm, in which a stethoscope 
is frequently needed, positioned at the periaural region.  

Tinnitus perception might be modulated by movements of head or neck. An 
anatomical connection between the trigeminal nucleus and different parts of the 
auditory pathways might be the explanation (14). Examination of the head and neck 
region in the clinical evaluation of a tinnitus patient, focuses on muscle tension and 
movements of the cervical spine, inspection of cranial nerves, oral cavity and 
temporomandibular joints (3;8;13).  
 
III Guidelines for general and tinnitus-specific audiological assessments 
 
General audiological assessment 
Tinnitus subjects frequently have sensorineural hearing loss, predominantly age-
related or noise-induced. Nevertheless, approximately 20-30% of the tinnitus 
sufferers have normal or near-normal hearing levels (5). The hearing loss associated 
with tinnitus predominantly affects the frequencies 4,000 and 8,000 Hz (15). 
Therefore, pure-tone audiometric measurements need to be performed for each ear at 
standard frequencies from 250 through 8000 Hz. Since most tinnitus is high-pitched, 
the extension of the audiometric measurements to a frequency of 16000 Hz needs to 
be considered (16;17). Since hearing loss causes a decreased perception of 
environmental sounds, the tinnitus may become more obvious and may be perceived 
as more severe. The amount of general hearing loss can be described by means of 
the Pure Tone Average (PTA): average hearing levels on the frequencies 500, 1000, 
2000 Hz. Normal hearing is classified with hearing levels between 0-20 dB. Hearing 
loss can be classified into mild (21-40 dB), moderate (41-70 dB), severe (71-90 dB) 
and deafness (>91dB). Since hearing loss associated with tinnitus predominantly 
concerns high frequencies, reporting these frequencies besides the PTA is 
worthwhile.  
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Some audiometric examinations may be performed if specific, otologic causes of 
tinnitus are considered. Tympanometry helps to identify the changes in tympanic 
membrane stiffness, caused by e.g. middle ear effusions or a dysfunctional 
Eustachian tube. Musculus stapedius reflexes may identify a myoclonus of the 
stapedial muscle (13) -being a cause of objective tinnitus- and reduced or absent 
stapedius muscle reflexes may be indicative for otosclerosis (3). Auditory Brainstem 
Responses (ABR) measure neural activity of the auditory system at brainstem level. 
Causes of tinnitus at brainstem level are for example cerebello-pontine tumors, 
vestibular schwannomas, as well as multiple sclerosis, stroke, or other rare causes 
such as cholesterol granuloma or basilar arteries with brainstem compression (18). 
Unilateral or asymmetrical sensorineural hearing loss or unilateral tinnitus are 
indications for performing an ABR in tinnitus subjects (18). Since MRI is preferred 
for the same indications (18), ABR could especially be useful in patients with a 
contraindication for MRI.   

About 40% of the tinnitus sufferers perceive some degree of hyperacusis 
(5), defined a decreased sound tolerance. Hyperacusis is perceived as pain, 
discomfort, annoyance or fear (5). This sound would not evoke the same reaction in 
the average listener. The determination of loudness discomfort levels (LDL) 
quantifies a tinnitus patient’s sensitivity to sound (4). Normal LDL is 100 dB (19) 
and forms the upper limit of the auditory dynamic range for that frequency. The 
dynamic range, for normal auditory subjects 95 dB (19), is the variation of loudness 
between hearing thresholds and LDL. Starting level is 50 dB raised in steps of 5 dB 
until the patient reports the threshold of discomfort (4).  

Since tinnitus may be part of Menière’s disease, vestibular tests may be 
performed on indication. Menière’s disease is a diagnosis of exclusion that is 
characterized by episodes of vertigo, sensorineural hearing loss, and tinnitus. During 
initial interview the sensation of vertigo by a patient may already be excluded, 
making further vestibular assessment not indicated. Vestibular assessment might 
consist of electronystagmography, caloric tests and rotating chair. 
 
Tinnitus-specific audiological assessments 
If tinnitus is perceived unilaterally or lateralizes to one side, the contralateral ear 
might preferably be tested because of possible interference between test stimuli and 
tinnitus (17). In bilateral, lateralized tinnitus sufferers, the less prominent tinnitus is 
often even hardly noticed until the louder tinnitus becomes masked (20). If the 
tinnitus is equally perceived in both ears or in the head, selection of the test ear is 
based on factors, such as the extent of hearing loss, recruitment or other conditions 
that might affect pitch discrimination (17).  

The assessments of matching tinnitus loudness and pitch provide a 
quantification of the patient’s subjective perception of tinnitus. The patient mentions 
which offered sound is comparable to the tinnitus. Since tinnitus can be perceived as 
a tone or a noise, two different pitch matching procedures can be differentiated (17). 
Tones are used in matching tonal tinnitus and narrow band noise is used in noise-
like tinnitus. Since tinnitus may consist of a mix of frequencies, a combination of 
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different frequencies or an additional noise stimulus might be required in some 
tinnitus sufferers in order to create a better tinnitus match (20). The tinnitus pitch 
match often falls in the frequency range of the associated hearing loss (20). Several 
patients experience a tinnitus sensation between 7,500 and 8,000 Hz or even higher 
(16;17). Since matching tinnitus to sounds frequently shows levels just 10 dB to 30 
dB above hearing thresholds (7;16), tinnitus-loudness matching needs to start at the 
threshold level with increasing intensity with steps of 5 dB (4).  

The minimum masking level (MML) indicates the minimal level of an 
external sound used in order to mask tinnitus. MML describes how loud a masking 
sound needs to be to reduce tinnitus perception (21). High-pitched tinnitus is 
assumed to need high frequency masking (17). For determination of the MML, the 
masking noise and amplitude could be increased until the patient reports that the 
tinnitus is no longer audible in that ear. Some patients experience a partial masking 
of their tinnitus, since only a reduction of the tinnitus loudness occurs. 

Residual inhibition is the reduction of tinnitus following a period of 
masking. Complete residual inhibition is the complete absence of tinnitus following 
the offset of the masking device. Partial residual inhibition is the period during 
which the tinnitus is present at a reduced loudness level and is in the process of 
returning to its normal level (4;22) 
 
IV Guidelines for measures for tinnitus severity, psychological distress and 
personality traits  
 

Since this manuscript is primarily designed for patients with subjective tinnitus, the 
only information we receive regarding tinnitus, is what the patient reports. 
Therefore, reliable and valid questionnaires are of great value in thorough 
examination of a tinnitus patient. They are able to quantify the perceived tinnitus 
severity, to assess personality traits and the effects of tinnitus on daily activities, 
emotional functioning, psychological distress and quality of life. This manuscript 
contains assessment tools for measuring tinnitus-related quality of life, the amount 
of psychological distress and personality traits.  

Since the majority of the selected questionnaires have previously been used 
in several other studies investigating large study groups, reference ranges have been 
described. This creates the opportunity to use these questionnaires in a clinical 
evaluation, applicable and quantifiable for each individual separately. These 
reference values can be used in the personality and psychological profile as ‘a 
tendency towards’ specific characteristics. The availability of reference ranges for 
individual applicability was the most important basis for selecting the following 
questionnaires. Figure 1 describes an overview of the questionnaires proposed in this 
manuscript, including reference ranges and meaning of the total scores. 
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Figure 1. Measures for psychological distress and personality traits 
 

Disease-specific tinnitus questionnaires 
Health related quality of life (HRQoL) can be assessed by means of generic or 
disease-specific measures. A disadvantage of generic measures for HRQoL is 
measuring a variety of aspects of HRQoL; On one hand you never know if the 
measured effects are caused by the tinnitus or other medical or social-health 
problems, on the other hand may the factors, as assessed by means of the measure, 
not be those relevant or problematic for the individual. Disease-specific measures 
facilitate the evaluation of tinnitus impact on the patients HRQoL, in terms of 
handicap or emotional factors associated with tinnitus (23). Most frequently used 
tinnitus-specific questionnaires are the Tinnitus Reaction Questionnaire (TRQ) (24), 
the Tinnitus Severity Questionnaire (25), the Tinnitus Handicap Questionnaire 
(THQ) (26), the Tinnitus Handicap Inventory (THI) (27), the Tinnitus Effect 
Questionnaire (28), and the Tinnitus Questionnaire (TQ) (29).  

When developing the THI, Newman (30) described reference ranges for 
tinnitus severity. The individual applicability of the THI in a clinical evaluation is 
therefore preferred compared to other measures of tinnitus severity.  
  

The Tinnitus Handicap Inventory 
The THI is developed by Newman in 1995 (31) for measurement of tinnitus 
handicap and the impact of tinnitus on everyday functioning. This questionnaire 
consists of 25 questions and a 3 point Likert scale (yes = 4 points, sometimes = 2 
points and no = 0 points). A total scale and three subscales (functional, emotional 
and catastrophical) are obtained. The total THI-score can be achieved by adding the 
points per question, with a maximum score of (25 questions * 4 points =) 100 points. 

anxiety and depression (HADS) 
- HADS-D score  
> 8 = at risk for depression 
- HADS-A score  
> 8 = at risk for anxiety

psychological distress caused by tinnitus 
measured by means of: 

 

vital exhaustion questionnaire 
score  >14 = at risk for vital 
exhaustion 

tinnitus-specific quality of life  
reference ranges THI: 
0-16  no handicap 
18-36 mild handicap 
38-56 moderate handicap 
58-100 severe handicap 

personality characteristics 
measured by means of: 

neuroticism and extraversion 
(Eysenck personality 
questionnaire) 
- higher score, more neuroticism  
- higher score, more extraversion  

negative affectivity > 10 points 
social inhibition  > 10 points 
 
type D personality  >10 points 

simultaneously on 
both scales  
(NA and SI) 
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Newman described a high internal consistency reliability of the total scale 
(Cronbach’s alpha = .93). The reference scores are: total scores ranging form 0-16 
indicates no handicap, 18-36 indicates mild handicap, 38-56 indicates moderate 
handicap, and 58-100 indicates severe handicap (30). 
 
Measures for psychological distress   
The term ‘psychological distress’ may accurately describe the individualized, 
subjective patients´ response to acute or chronic illness (32-41). When individuals 
experience psychological distress it may be manifested by an alteration from a stable 
baseline emotional state to one of anxiety, depression, irritability, aggressiveness, 
self-depreciation, vital exhaustion, and even suicide (36;42;43). Since psychological 
distress is perceived by many tinnitus sufferers, validated questionnaires measuring 
anxiety, depression and vital exhaustion, will be used as indicators for the amount of 
psychological distress (figure 1). 
 
The Hospital Anxiety and Depression Scale (HADS)  
The Hospital Anxiety and Depression Scale (HADS) (44) is widely used to assess 
anxiety and depressive symptoms and is denoted as a self-report measure of 
psychological distress. The scale consists of two subscales, a 7-item anxiety and 7-
item depression scale. Both 7-item scales are answered on a 4-point Likert scale 
from 0 to 3 with a score range of 0-21, comes closest to describing how they have 
been feeling in the past week. A cut-off score > 8 for both subscales was used to 
quantify patients with likely anxiety and depressive symptoms, as this cut-off yields 
an optimal balance between sensitivity and specificity (45). The HADS is a reliable 
questionnaire that performs well in screening for the separate dimensions of anxiety 
and depression (45).    
 
Vital exhaustion questionnaire 
Vital exhaustion is a mental state that is defined as extreme fatigue, increased 
irritability and demoralization (46), and can therefore be assumed as an indicator of 
psychological distress. Vital exhaustion can be assessed by the 21- item Maastricht 
Questionnaire (47). Each item is rated according to a three-point scale (No = 0; ? =1; 
Yes =2), and a scale score is obtained by summing the answers, with a minimum 
score of 0 points and a maximum score of 42 points. A high score indicates a severe 
level of vital exhaustion. A cut-off score of 14 point has been previously used as 
guideline for vital exhaustion (48;49). Cronbach’s alpha for the Maastricht Interview 
on Vital Exhaustion was 0.89, indicating good reliability. 
 
Personality characteristics  
Perceived tinnitus severity, its impact on physical, emotional and social functioning 
and psychological distress may be determined by personality characteristics. 
Tinnitus sufferers have previously been described to be more neurotic and less 
extraverted than other people (50-52). Chapter 4 of this thesis describes that having 
a Type D (distressed) personality is independently associated with having tinnitus 
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with a significant higher prevalence in our help-seeking tinnitus population 
compared to general ENT-patients without tinnitus. The type D personality is 
characterized by the dimensions negative affectivity and social inhibition. A type D 
(distressed) personality experiences increased negative emotions and tends to inhibit 
the expression of these emotions in social interactions (53). Feelings of depression, 
pessimism and chronic tension are some major characteristics of this type of 
personality (54). Knowledge of a personality profile of tinnitus patients could 
increase the insight of perceived tinnitus severity, behavioral and psychological 
reactions to the tinnitus, and interactions in social relationships. The identification of 
certain personality characteristics may indicate referral to psychologists or 
cognitive-behavioral therapists for guidance in the acceptation and adaptation 
process of having tinnitus. 
 
The Eysenck personality questionnaire (subscales extraversion and neuroticism) 
The neuroticism (EPQ-N) and extraversion (EPQ-E) scales were selected from the 
revised Eysenck Personality Questionnaire (EPQ-R) (55), using the validated Dutch 
translation of this questionnaire (56). Both the EPQ-N and the EPQ-E scales are 
comprised of twelve items, with a response scale of 1 (yes) and 0 (no). Scores are 
summed to yield a total score, which for the EPQ-N and EPQ-E ranges from 0-12. 
Higher scores indicate a higher tendency towards neuroticism or extraversion. The 
EPQ-N scale is a measure of emotional instability, with high values predisposing 
individuals to high levels of negative affect, such as worrying, moodiness, 
depression, and anxiety. The low EPQ-N individual may be called “stable” and is 
usually even-tempered and controlled. High values on the EPQ-E scale predispose to 
high levels of sociability, positive affect and need for external stimulation. The 
EPQ-N and EPQ-E were assessed in seven Dutch studies (56) and showed on 
average strong levels of internal consistency with Cronbach’s alpha = 0.84 and 0.81, 
respectively. No norm scores have been described, indicating a tendency towards 
more or less neuroticism or extraversion. 
 
Type D personality questionnaire 
Type-D personality was assessed with the fourteen-item Type-D Scale (DS14) (57). 
The scale consists of fourteen items that are answered on a five-point Likert scale 
from 0 (false) to 4 (true). Type-D personality characterizes those who tend to 
experience increased negative emotions and who do not express these emotions in 
social interactions. The DS14 consists of two subscales negative affectivity (NA: 7 
items; e.g., “I often feel unhappy”) and social inhibition (SI: 7 items; e.g., “I am a 
‘closed’ person”). A standardized cut-off score ≥10 on both subscales is described 
and if total scores on both subscales are >10 it denotes those with a type-D 
personality (58). The DS14 has adequate reliability with Cronbach’s alpha = 0.89 / 
0.88 and three-month test-retest reliability of r = 0.72 / 0.82 for the NA and the SI 
subscales, respectively (57). 
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V Guidelines for additional investigations and consultations 
 
Radiological assessments 
In every tinnitus sufferer additional radiological imaging needs to be considered on 
indication. As already mentioned in the introduction paragraph of this chapter, 
objective tinnitus may be caused by vascular or muscular abnormalities and pulsatile 
tinnitus suggests the presence of a vascular abnormality (tumor, congenital 
abnormality or malformation, or an acquired vasculopathy). In a review about 
tinnitus and neuroimaging, Weisman (59) suggested a contrast-enhanced CT of the 
temporal bone, brain and scalp (1mm collimation without intersection gap) in these 
cases. If this CT is suspicious for vascular abnormalities, conventional (or CT- or 
MRI-) angiography may be indicated. Cerebellar and brainstem diseases (multiple 
sclerosis, infarcts) can cause palatal myoclonus, so MR needs to be considered in 
those patients suffering from objective tinnitus due to palatal myoclonus.  
Non-pulsatile, subjective tinnitus might be caused by a cerebello-pontine angle 
tumor, predominantly a vestibular schwannoma. In order to exclude retrocochlear 
causes of tinnitus, a MRI scan needs to be performed. A gadolinium-enhanced MR 
study (with thin transverse and coronal T1- and T2-weighted images through the 
temporal bones, and transverse images through the entire brain) is the study of 
choice to identify (or exclude) a vestibular schwannoma or other neoplasms of the 
internal auditory canal (IAC) (59). In a general population of tinnitus sufferers, 
indications for MRI are particularly those patients with unilateral or strong 
lateralized tinnitus, especially if combined with an unilateral or asymmetrical, 
ipsilateral sensorineural hearing loss (18). 
 

Laboratory tests 
The indication for laboratory examination depends on the patients’ history, current 
condition and findings on physical examinations. Metabolic abnormalities described 
to be possibly associated with tinnitus are hypothyroidism, hyperthyroidism, 
hyperlipidemia, and even possibly zinc deficiency (3;13;60) and could be 
determined on indication. Underlying mechanisms for generating tinnitus due to 
these metabolic abnormalities are not exactly clear. The laboratory tests for vascular 
causes of objective tinnitus concern examinations for causes of a high cardiac output 
and carotid artery stenosis. These examinations may include the risk factors for 
atherosclerosis (3;8) (cholesterol, triglycerids, lipid profile) and anemia (Hb, Ht, 
MCV, ferritine). Further laboratory examinations for otologic infections (otitis 
media, meningitis, syphilis, Lyme disease, Lues serology other causes that affect 
hearing), can be performed on indication (3). 
  
Referral to other disciplines 
The results of the performed assessments of this clinical evaluation protocol may 
indicate consultation of other disciplines like, internal medicine, neurology, 
psychiatry, psychology, vascular surgery, social worker or others. 
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Conclusions 
 

This chapter described guidelines for clinical evaluation of chronic, subjective 
tinnitus, which can be used for assessing tinnitus sufferers visiting the outpatient 
clinic. An advantage of the proposed assessments is the opportunity for individual 
application. Although the proposed guidelines are basically described for subjective 
tinnitus patients, different assessments contribute in differentiating objective and 
subjective tinnitus. This distinction is important since objective and subjective 
tinnitus need a different approach in diagnosis and treatment.  
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Abstract 
 
Objective  
This chapter describes the results on clinical evaluation of 105, and questionnaire 
evaluation of 265 help-seeking, chronic, subjective tinnitus sufferers, according to 
the guidelines described in Chapter 2. 
Material and methods 
The assessments of the clinical evaluation protocol consisted of I) a tinnitus-related 
interview, II) general physical and otological examinations, III) audiological 
assessments, IV) a collection of reliable and internationally validated questionnaires 
assessing personality traits, psychological distress and tinnitus-related quality of life; 
V) blood investigations and VI) MRI scanning. Inclusion criteria were: 1) tinnitus as 
main complaint and reason for consultation our outpatient clinic, 2) subjective, non-
pulsatile tinnitus, 3) chronic tinnitus (> 3 months), 4) no other major co-morbidity.  
Results  
A) Clinical evaluation of 105 subjective tinnitus sufferers; 67 males and 38 females, 
average age 54 years (range 15-86). Tinnitus was unilaterally in 45 subjects, 
bilaterally in 41 subjects and cranially in 19 subjects. Tonal-tinnitus was perceived 
in 72 subjects versus a noise-band-tinnitus in 33 subjects. Tinnitus was perceived 
continuously by 95 subjects, and with fluctuations in intensity in 61 subjects. 
Background noise was the best tinnitus-reducer in 78 subjects and stress and 
emotions were best tinnitus-enhancer in 71 subjects. Otological and general physical 
assessments were overall normal. Most subjects had mild-moderate hearing loss up 
to 2 kHz, with increasing hearing loss up to 16 kHz. Tinnitus was predominantly 
high-pitched (5.5-6.5 kHz) with average loudness of 50-60 dB. Blood examinations 
did not show major abnormalities. No tumors were identified in the Internal 
Acoustic Canal or cerebello-pontine angle by means of MRI. 
B) Questionnaire evaluation of 265 subjective tinnitus sufferers; Severe tinnitus was 
measured in 39.2% of the subjects. Psychological distress indicators showed 
tendency towards anxiety in 51%, depression in 50.6%, and vital exhaustion in 71%. 
Type D (distressed) personality was seen in 35.5%, 43.8% showed a strong tendency 
towards neuroticism and 27.9% was minimally extraverted. 
Conclusions  
This study demonstrated the usefulness of the, in Chapter 2 proposed guidelines for 
‘Clinical evaluation of chronic, subjective tinnitus’. Especially the proposed 
combination of different validated questionnaires that are individually applicable has 
never been previously described. The outcomes of the clinical evaluation protocol 
help the clinician in selecting specific treatment options, generally divided into 
medical, audiological and psychological therapy. 
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Objective 
 
The objective of this study was to investigate whether the, in Chapter 2 proposed, 
guidelines for ‘clinical evaluation of chronic, subjective tinnitus’ can successfully be 
applied in an outpatient clinic and whether the selected clinical assessments are 
capable to individually characterize subjective tinnitus and associated medical, 
audiological and psychological complaints. 
  This chapter describes the results of (A) clinical evaluation of 105 chronic, 
subjective tinnitus subjects, and (B) questionnaire evaluation of 265 chronic, 
subjective tinnitus subjects.  
 
Patients 

A) Total clinical evaluation was performed in 105 subjects. Inclusion criteria were: 
1) tinnitus as main complaint and reason for consulting our clinic, 2) suffering from 
subjective, non-pulsatile tinnitus, 3) chronic tinnitus (> 3 months), 4) no major co-
morbidity.  
B) Questionnaire-evaluation was performed in 265 subjective, chronic tinnitus 
sufferers, according to the same inclusion criteria. Since the questionnaire for 
tinnitus severity (the Tinnitus Handicap Inventory) was added in a later phase of our 
tinnitus research program, results of THI-evaluation comprises only the last 130 of 
the 265 chronic, subjective tinnitus subjects.  
 
Material and methods 
 
The study was approved by the local medical ethics committee and conducted in 
accordance with the Helsinki Declaration. All patients provided written informed 
consent. 

Assessments were previously presented in Chapter 2 (summarized in table 
1). We need to mention that some parts of the protocol that are recommended ´on 
indication´ in Chapter 2, were assessed in all participating patients. In order to draw 
conclusions which assessments could be performed on indication, we first needed to 
administer them in the whole population. The results presented in this chapter have 
been used for developing the final version of the guidelines for ‘clinical evaluation 
of chronic, subjective tinnitus’, described in Chapter 2.  
 
Results 
 
A. Results of clinical evaluation of 105 chronic, subjective tinnitus subjects 
Prior to describing the results of clinical evaluation, we need to mention that in none 
of the subjects an objective cause of tinnitus was found. Presented results all concern 
patients suffering from chronic, subjective tinnitus. 
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Social-demographical characteristics 
The clinically investigated population consisted of 105 chronic tinnitus subjects, 
significantly more males than females (67 males versus 38 females), with an average 
age of 54 (range: 15-86) years. One hundred and four patients were Caucasian, only 
one female was African. Out of 105 subjects, 85 (91%) patients had some type of 
profession. An amount of 86 (81.9%) patients were married or had a partner, 19 
(17.1%) patients were single.  
 
General tinnitus characteristics (table 1) 
The average tinnitus duration of our population was 7.5 years (range 2-56 years). 
The onset of tinnitus was gradual in 47 persons versus acute in 58 persons. Of the 
105 tinnitus subjects, 45 perceived tinnitus unilaterally, 41 bilaterally and 19 
subjects reported to perceive their tinnitus in the head rather than the ears. 
Bilaterally or cranially perceived tinnitus lateralized in 52 of the 60 subjects (28 left-
sided lateralization, 24 right-sided lateralization). Tinnitus was perceived 
continuously in 95 subjects and intermittent in 10 subjects, it fluctuated in intensity 
and loudness in 78 subjects versus 27 subjects with a constant tinnitus perception. 
This fluctuation in tinnitus severity varied during the day in 61 subjects; the tinnitus 
perception was especially annoying when awakening in 14 subjects, in the morning 
in 1 subject, during the afternoon in 6 subjects, during the evening in 24 subjects and 
at night in 16 subjects. The tinnitus percept better matched a tone than a band-pass 
noise in 72 subjects; in 33 subjects a noise matched better. Environmental 
background noise was the major source for decreasing tinnitus sound; 78 subjects 
reported to prefer noise instead of silence in their environment. Stress / emotions and 
sleeplessness markedly increased perceived tinnitus handicap, reported by 71 and 44 
subjects respectively. Alcohol, tobacco, medication and caffeine modulated the 
tinnitus percept in only a few subjects. A majority of the tinnitus population 
experienced some degree of hearing loss besides the tinnitus, and a decreased sound 
tolerance (hyperacusis) was reported by 59 of the 105 subjects. Tinnitus interfered 
with understanding speech in 35 of the 105 subjects.  
 
Medical history and medication use 
Sensorineural hearing loss was present in some amount in almost every subject (n = 
99; 94.3%) - varying from severe hearing loss up to minor high frequency hearing 
loss. Besides sensorineural hearing loss, noise exposure (n = 26; 24.8%), ear 
infections (n = 23; 21.9%), otologic surgery (n = 14; 13.3%) and trauma capitis (n = 
16; 15.3%) were other, frequently mentioned, tinnitus-inducing issues in ORL-
specific, medical history of our population. In 29.5% (n = 31) of our population, 
psychological or psychiatric problems (predominantly depression) were or had been 
experienced. The most frequently, chronically used, ototoxic medication in our 
population were aspirin (n = 8; 7.6%), antidepressants (n = 7; 6.7%) and 
benzodiazepine (n = 18; 17.1%). Since no relation was found between the use of 
these pharmaceuticals and tinnitus onset, we are very doubtful about the contribution 
of these pharmaceuticals in inducing and maintaining tinnitus.  
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Table 1. Tinnitus characteristics of 105 chronic, subjective tinnitus patients 
 
Tinnitus 
characteristics 

answers (n = 105) 

Duration years  average: 7.5 year 
range (2-56 years)  

Location unilateral n = 45  bilateral N = 41 head n = 19 
Lateralization  no n = 8  left  N = 28 right n = 24 
Intensity continuous n = 95  Intermittent n = 10 
Volume constant n = 27  Fluctuating n = 78  
Onset gradual n = 47 Sudden n = 58  
Description tone: n = 72 noise: n = 33  

background noise louder n =13 softer n = 78 no effect N = 14 
alcohol louder n = 6 softer n = 12 no effect N = 87 
stress /emotions louder   n = 

71 
softer n = 2 no effect N =31 

sleeplessness louder n = 
44 

softer n = 2 no effect N = 59 

tobacco louder n = 2 softer n = 3 no effect N=100 
medication louder n = 4  softer n = 8 no effect N = 93 

Influence 

caffeine louder n = 6 softer n = 2 no effect N = 97 
hearing loss yes n = 87 no n = 18 
hyperacusis yes n = 59 no n = 46 

Associated 
audiological 
problems residual inhibition yes n = 6 no n = 99 

yes, especially….                     n = 61 no 
 

n = 44 

1. when awakening                  n = 14 

2. in the morning                      n = 1 

3. in the afternoon                    n = 6 

4. in the evening                       n = 24 

Fluctuation 
throughout the 
day 

5. at night                                 n = 16 

Surroundings prefer silence n = 27 prefer noise             n = 78 
Interference with 
speech 

yes n = 35 No n =70 
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Otological and general physical examinations 
Normal otological examinations were seen in 104 subjects. One subject underwent a 
canal-wall-down mastoidectomy in medical history, identifiable during otoscopy. 
Inspection of oral cavity and dentition did not show major abnormalities in any of 
the subjects. No myoclonuses of stapedial muscles or palatal muscles were heard 
and no souffles were heard at the carotid arteries in 103 subjects. In those two 
subjects in whom carotid souffles were heard, they did not have implications 
(determined by means of additional ultrasound analyses). These results indicated all 
patients to have subjective tinnitus. Blood pressure measurement showed 
hypertension (> 140/90 mmHg) in 33 of the 105 subjects. Since none of the subjects 
perceived a pulsatile tinnitus, carotid artery souffles and increased cardiac output 
due to hypertension, were considered as non-relevant for the tinnitus. Patients were 
referred to the family doctor for hypertension treatment. Twenty-two subjects (21%) 
were able to modulate their tinnitus by means of movements of head or neck. 
 
General and tinnitus-specific audiometric examinations 
Audiometric measurements were performed on 104 tinnitus subjects (1 drop-out; did 
not arrive at appointments). Results are described in table 2. Quartile percentages of 
all tested subjects are presented in audiograms of both right and left ear in figure 1. 
 
Table 2.  General and tinnitus-specific audiometric examinations 

audiometric examinations our population (n =104) 
PTA-index (0.5, 1, 2 kHz) AD 

threshold      patients      frequency 
PTA-index (0.5, 1, 2 kHz) AS 

threshold      patients      frequency 
hearing loss 
 

0-20 dB 
21-40 dB 
41-70 dB 
71-90 dB 
91-120 dB 

n = 60 
n = 25 
n = 13 
n =  3 
n =  3 

57.7% 
24.0% 
12.5% 
2.9% 
2.9% 

0-20 dB 
21-40 dB 
41-70 dB 
71-90 dB 

91-120 dB 

n = 68 
n = 20 
n = 12 
n =  1 
n =  3 

65.4% 
19.2% 
11.5% 

1% 
2.9% 

male (n=66)  mean: 
6457,95 

SD: 
3933.65 

tinnitus pitch matching 

female (n=38) mean: 
5651,32 

SD: 
3923,05 

p-value: 0.947 

male (n=66) mean: 59.80 SD: 25.73 tinnitus loudness 
matching female (n=38) mean: 51.05 SD: 21.72 

p-value: 0.078 

male (n=66) mean: 62.05 SD: 31.69 minimal masking level 
female (n=38) mean: 77.63 SD: 74.03 

p-value:0.655 

AD mean: 110.98 SD: 9.99 male 
(n=66) AS mean: 111.48 SD: 10.14 

p-value AD: 
0.03 

AD mean: 103.68 SD: 12.63 

loudness discomfort levels  
(reference value = 100 dB) 

female 
(n=38) AS mean: 104.12 SD: 13.40 

p-value AS: 
0.014 
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Figure 1.  Audiogram of sensorineural hearing loss of the right and left ear  
(25, 50 and 75 quartiles) 
 
Remarkable is the sensorineural hearing loss on high frequencies (4, 8 and 16 kHz) 
for both right and left ears, frequently defined as presbyacusis (age-related hearing 
loss). Mean Pure Tone Average (PTA)-indices for right and left ears of our 
population showed that the majority of our patients suffered from minor to mild 
hearing loss at frequency ranges from 500 Hz up to 2kHz (PTA-indices of 75% of 
the subjects were between 0-40 dB). Major hearing loss was determined in about 
12% of our population, severe hearing loss in 1-3%, and 3% (three subjects) were 
functionally deaf.  

Tinnitus pitch and loudness matching did not show statistically differences 
between both gender groups. Average tinnitus pitch was 6.5 kHz in male subjects 
and 5.6 kHz in female subjects; Average tinnitus loudness was almost 60 dB in male 
subjects and 51 dB in the female subjects. Average minimal masking level were 
62.1 dB in the male population and 77.6 dB in the female population. 
Loudness discomfort levels (LDL) were significant different between males and 
females; average LDL (over frequencies 1, 2 and 4 kHz) for males was around 111 
dB, LDL for females was around 104 dB; but both levels are higher than the 
reference LDL of 100 dB for normal hearing subjects (1).  
 
 
 



Results of clinical and questionnaire evaluationG 
 

 

 
62

Additional investigations and consultations 
Radiological examinations 
MRI-investigations of Internal Acoustic Canal (IAC) and cerebello-pontine angle 
were normal in all subjects; no vestibular schwannoma, glomus jugulare tumors, 
ischemic stroke-lesions or effects of demyelinating diseases were seen. Additional 
CT-scanning was not indicated in any of the subjects. As previously mentioned, 2 
subjects were referred for ultrasound analysis of carotid artery-stenosis, but no 
stenosis was found.  
 
Laboratory examinations 
No anemia was found in any of the subjects. Thyroid gland function was normal in 
all subjects, although two subjects already used medication for thyroid gland 
dysfunction. Cholesterol status, LDL-cholesterol in particular, was elevated (general 
cholesterol > 6.5 mmol/l, LDL-cholesterol > 4.7 mmol/l) in 8 of the 105 subjects 
and were referred to the family doctor for medication. Since no pulsatile tinnitus or 
carotid artery stenosis was diagnosed in any of these subjects, elevated cholesterol 
was assumed as non tinnitus-relevant in any of these subjects. Zinc level (reference 
range 10-17 umol/l) was decreased in 4 of the 105 subjects and increased in 6 of the 
subjects; no specific relation with tinnitus could be identified.  
 
 
B. Results of Questionnaire evaluation of 265 chronic, subjective tinnitus 
subjects 
 
Figure 2 describes an overview of the outcomes on questionnaire evaluation. The 
population assessed for personality traits and psychological distress consisted of 265 
chronic, subjective tinnitus subjects, and 130 subjects were assessed for tinnitus-
specific quality of life questionnaire. 

According to the reference ranges of the different questionnaires we found 
the following results;  
 
I Tinnitus severity and disease-specific quality of life 

- Tinnitus Handicap Inventory; 130 subjects were tested by means of the 
THI: 16 subjects (12.3%) perceived no handicap, 32 subjects (24.6%) mild 
handicap, 31 subjects (23.9%) moderate handicap and 51 (39.2%) subjects 
perceived severe tinnitus handicap. 

II Psychological distress  

- Anxiety and Depression (HADS); In the tested population of 265 tinnitus 
sufferers, 135 subjects were anxious and 134 depressed, in which 108 
subjects were both anxious and depressed.  
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- Vital exhaustion; Tinnitus caused vital exhaustion in 188 of the 265 
subjects (70.9%); 77 subjects did not mention to be vitally exhausted 
according to the reference ranges of the questionnaire. 

III Personality traits 

- Neuroticism and Extraversion; Extraversion scores: 74 subjects scored 0-3 
points, 75 subjects scored 4-6 points and 116 subjects scores between 7 and 
12 points. The lowest quartile patients, presenting introversion, scored 
between 2 and 3 points on the total EPQ-E-scale. Neuroticism scores: 97 
subjects scored between 0-3 points, 52 subjects between 4 and 6 points and 
116 subjects scored between 7 and 12 points. The highest quartile patients, 
presenting neuroticism, scored between 8 and 9 points on the total EPQ-E 
scale. 

- Type D (distressed) personality; The Type D personality is defined by the 
co-occurrence of the subscales negative affectivity and social inhibition. In 
the tested population of 265 help-seeking tinnitus subjects, 94 subjects 
(35.5%) had a type D personality. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 2. Outcomes of questionnaire evaluation 
 
 

 
 

Psychological distress  
measured by means of: 

Personality characteristics 
measured by means of: 

anxiety and depression (HADS) 
° depressed: 134  subjects 
° anxious:    135 subjects 
° anxious and depressed:  

   108 subjects 

vital exhaustion (n=265) 
° vitally exhausted:188 subjects 

disease-specific quality of life 
(n = 130) 
0-16     no handicap            16 subjects 
18-36   mild handicap           32 subjects 
38-56   moderate handicap    31 subjects 
58-100 severe handicap        51 subjects 

Neuroticism and extraversion 
(n=265) 
- neuroticism 
 ° 0-3   97 subjects 
 ° 4-6   52 subjects 
 ° 7-12 116 subjects 
- extraversion 
 ° 0-3   74 subjects 
 ° 4-6   75 subjects 

° 7-12   116 subjects 

Type D personality (n = 265) 
Yes: 94 subjects 
No: 171 subjects 
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Discussion 
 
This chapter presents the results of clinical evaluation of 105 and questionnaire 
evaluation of 265 chronic, subjective tinnitus sufferers. These results demonstrated 
the proposed clinical evaluation protocol to be very useful for individually screening
tinnitus patients visiting the outpatient clinic. Proposed assessments for interview, 
otological and general physical examinations, audiological evaluation, and 
questionnaire selection turned out to be easily applicable and cost-effective. Blood 
investigations and MRI were unnecessarily performed in all participating subjects. 
In the final draft of the guidelines for ‘Clinical evaluation for chronic, subjective 
tinnitus’ these assessments will therefore only be proposed as to be  performed on 
indication. Although the final protocol was already presented in Chapter 2, some 
remarks prior to composing the final clinical evaluation protocol need to be made.  
 
A) Remarks guidelines for ‘clinical evaluation of chronic, subjective tinnitus’  
The first remark concerns the relation between tinnitus and medical history. Some 
patients described a clear relationship between tinnitus onset and medical history. 
Particularly in the subjects reporting an acute tinnitus onset following for example 
ear surgery, ear infections, or noise trauma, we can assume these manifestations as 
tinnitus-inducing causes. Nevertheless, in many subjects no clear relation between 
medical history and tinnitus onset can be described and we therefore are not always 
able to define a tinnitus-inducing cause. Frequently sensorineural hearing loss is 
taken as tinnitus-inducing cause, although other possible causes are not excluded.  

The causal relation between tinnitus and use of ototoxic medication is the 
second remark that needs to be taken with caution. Several pharmaceuticals with 
possible ototoxic effects have been described, although mechanisms of ototoxicity 
are not always exactly clear. If a clear relation exists between tinnitus onset and start 
of medication use, we may assume a cause-and-effect relation between these two. 
Nevertheless, this relation is frequently not clear and other tinnitus-inducing co-
occurring mechanisms might be responsible for tinnitus-induction, as well. Since 
ototoxic effects of medication are frequently permanent, discontinuing medication 
frequently does not resolve the tinnitus. 

The third remark concerns the relevance of extending the audiograms up to 
16,000 Hz. In accordance to previous studies describing approximately 20-30 % of 
the tinnitus patients to have normal hearing (2), the majority of our population had 
mild to moderate hearing loss determined by means of the pure tone average (PTA). 
Consequently, in these patients no clear relationship seems to exist between having 
tinnitus and hearing loss. However, figure 1 shows that hearing loss in our 
population predominantly concerned frequencies between 4,000 and 16,000 Hz. 
Since the majority of tinnitus pitches was reported between 4,000 Hz or higher, we 
may assume high frequency hearing loss to be mainly responsible for tinnitus. In 
order to declare a possible relationship between tinnitus and hearing loss, usual 
description of hearing loss by means of only the PTA is therefore not sufficient. 
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Although previous studies described 40% of the tinnitus complainers to perceive 
some degree of hyperacusis (2), our results demonstrated normal loudness 
discomfort levels in the majority of our population. We therefore recommend as 
fourth remark the measurement of loudness discomfort levels (LDL) only on 
indication of hyperacusis.  

The fifth remark concerns the complete or partial disappearance of tinnitus 
following the offset of masking, defined as residual inhibition. We have asked 
subjects for residual inhibition after a period of masking, but none of our subjects 
reported a disappearance or major reduction of their tinnitus perception. Since some 
studies described residual inhibition to occur in about 90% of the patients who are 
tested for this effect (3;4), one needs to be alert for this phenomenon when 
performing a tinnitus-masking procedure. The major contrast in incidence of 
residual inhibition between literature and our findings suggests our measurement to 
be insufficient. 

Additional investigations are the final remarks of the clinical evaluation 
protocol. In order to evaluate the relevance of additional laboratory assessments, we 
performed all assessments on every subject. Our results demonstrated no major 
abnormalities on blood assessments. The relationship between abnormal cholesterol 
status, anemia and tinnitus is not clear and only mentioned in a few tinnitus review 
articles in case of high cardiac output or pulsatile tinnitus (5;6)  Metabolic disorders, 
such as thyroid gland dysfunction and zinc deficiency have been mentioned as 
possible tinnitus-inducing causes (5;7;8), but no clear relation has been discovered 
yet. We therefore suggest to perform additional blood investigations on indication 
only. 

Radiological assessments by means of MRI were performed in all subjects. 
Since no abnormalities were found, we recommend performing additional MRI on 
indication, as was already recommended for additional CT-scanning. Indications for 
MRI in tinnitus subjects are particularly those patients with unilateral or strong 
lateralized tinnitus, especially if combined with an unilateral or asymmetrical, 
ipsilateral sensorineural hearing loss (9;10). 
 
B) Remarks guidelines for ‘questionnaire evaluation of chronic, subjective 
tinnitus’ 
The first remark concerns the difference between amount of subjects for clinical and 
questionnaire evaluation. This difference is a result of a low cost-effect ratio and 
ethical justification determined after evaluation of 105 subjects; this evaluation 
showed no clinical importance of performing complete blood examinations and 
additional MRI-scanning in all tested subjects. Therefore, the group of 160 tinnitus 
subjects visiting after evaluation of 105 subjects, were evaluated according to the 
guidelines for ‘clinical evaluation of chronic, subjective tinnitus’ as proposed in 
chapter 2. The 105 subjects evaluated by means of the total ‘Clinical evaluation 
protocol’ were those patients who first visited our outpatient clinic. 

The second remark concerns the addition of the tinnitus–specific 
questionnaire (THI) in a later phase of the research program. Initially we selected 
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the Tinnitus Reaction Questionnaire (TRQ, (11)) for assessing tinnitus severity. 
Nevertheless, no norm values have been developed for the TRQ, indicating that a 
higher TRQ-score only describes a ‘tendency towards’ more severe tinnitus. Since 
norm values of the THI have been described by Newman (12), the THI showed its 
usefulness in the individually applicability of the clinical evaluation protocol for 
chronic, subjective tinnitus. The addition of the THI in a later phase of our research 
program is a weakness of the presented results in this study. 

The third remark concerns the selected questionnaires. Our guidelines 
recommend the assessment of tinnitus severity, psychological distress and 
personality traits. According to our positive experiences from previous research, and 
the possibility of individual applicability, we have selected the proposed group of 
questionnaires. Our results demonstrated that these questionnaires can be 
successfully used for this purpose, although alternative questionnaires might have 
achieved comparable results. Therefore, our composition of questionnaires needs to 
be taken as guideline, not as golden standard.  
 
C) Appliance of outcomes clinical evaluation for selecting treatment options  
Information collected with the assessments of this manuscript is targeted at 
providing insight into different individual treatment options for specific tinnitus 
sufferers. Unfortunately, not one universal treatment option is available for the 
majority of tinnitus sufferers (13). According to the records of this protocol, the 
clinician needs to consider what treatment can be possibly successful for each 
individual tinnitus patient. Possible therapeutic options can generally be divided into 
medical, audiological, psychosocial and cognitive-behavioral treatment. In most 
cases, a multidisciplinary approach – the otorhinolaryngologist, together with 
audiologist, neurologist, neurosurgeon, social worker and psychologist - may 
achieve the best effects. 

 Medical treatment can be pharmaceutical support for example in patients 
with ear infections, sleeping problems or feelings of anxiety or depression. Surgery 
can provide tinnitus relief in those patients with a surgically treatable cause, but 
certainly no relief of tinnitus is guaranteed. Surgical treatment may vary from the 
removal of cerumen impactum, to placement of ear tubes, reconstructive surgery 
with ossicular / middle ear implants or even a cochlear implant in deaf patients. 
Other medical specialists may provide tinnitus relief if the tinnitus is related to other 
medical problems, like – for example- strong muscle tension, deontological 
problems and neurological problems. 

Audiological treatment needs to be considered in those patients suffering 
from hearing loss, and might consist of a hearing aid, sometimes in combination 
with a masking device. Hearing aids directed at the tinnitus pitch, might provide 
some tinnitus relief in individuals with normal or near-normal hearing. Masking 
recommendations like using a radio or walkman for tinnitus relief, or 
recommendations for sound tolerance in cases of hyperacusis, might be helpful and 
need therefore to be given.    
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Psychological treatment could be helpful in those patients who appear to perceive 
psychological distress, reduced quality of life and a personality profile with a 
tendency towards type D (distressed) personality, neuroticism and reduced 
extraversion. These characteristics are all measured by means of validated 
questionnaires as proposed in this manuscript. Psychological treatment options are 
cognitive-behavioral therapy, psychological therapy and coping management, 
supplied by psychologist, social worker and cognitive-behavioral therapist. The 
purpose of measurement of psychological distress and personality traits by means of 
the validated questionnaires of this protocol is the selection of those individuals that 
perceive psychological problems because of their tinnitus, frequently in relation with 
specific personality traits and psychological distress. The outcomes of the selected 
questionnaires may select subgroups of patients that, for example are anxious and 
depressed with a normal personality profile, or that are depressed, not anxious, but 
neurotic and introvert, and so on. By defining subgroups using the outcomes of the 
questionnaires, guidelines for psychological treatment modalities may be developed, 
and preferably individually applicable.  

Besides psychological and cognitive-behavioral therapy, alternative support 
by means of, for example, physical therapy, relaxing therapy and acupuncture could 
be considered. 

 Longitudinal appliance of the clinical evaluation protocol when initiating a 
new treatment may support determining the effects of that treatment. Clinically 
relevant parts to be used in longitudinal evaluation are: (i) interview of tinnitus 
characteristics, (ii) generic and tinnitus-specific audiological assessments and (iii) 
generic and tinnitus-specific measures of health-related quality of life, tinnitus 
severity and psychological distress (anxiety, depression and vital exhaustion). 
Chapter 7 demonstrates the usefulness of longitudinal appliance of the clinical 
evaluation protocol by describing the long-term evaluation of treatment of chronic, 
therapeutically refractory tinnitus with neurostimulation of the vestibulocochlear 
nerve’ 

 
Conclusions 
 

From the results of this chapter we may conclude that the different aspects of the 
proposed guidelines for ‘clinical evaluation of chronic, subjective tinnitus’ contain 
several valuable assessments, needed in order to give a diverse, multifactor 
evaluation of an individual tinnitus patient. Since laboratory examinations, MRI-
scanning and some audiological exams turned out to be normal in almost all tested 
subjects, we propose to perform these assessments only on indication. This is 
already adopted to the proposed guidelines for ‘Clinical evaluation of chronic, 
subjective tinnitus’ in Chapter 2. According to the records of this manuscript, 
possible indications for treatment options might be defined for each individual 
separately, varying from medical treatment, audiological treatment to psychological 
and cognitive-behavioral therapy.   
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Abstract. 
 
Objective  
Determination of personality characteristics associated with tinnitus in ENT patients 
compared to a control group of ENT patients without tinnitus. 
Material and methods  
We assessed adult chronic tinnitus sufferers (n = 265) and ENT patients without 
tinnitus (n = 265) participating in a cross-sectional study. Personality characteristics 
were evaluated using the DS14 (type-D [distressed] personality) questionnaire. The 
revised Eysenck Personality Questionnaire (EPQ-R) was used to assess neuroticism 
(EPQ-N) and extraversion (EPQ-E). Emotional stability was assessed on a subscale 
of the Five-Factor Personality Inventory (FFPI-ES).  
Results 
Compared to the controls, tinnitus patients had statistically significant and clinically 
relevant higher levels of neuroticism, negative affectivity and social inhibition, as 
well as lower levels of extraversion and emotional stability. Tinnitus patients were 
more likely to have a type-D personality.   
Confirmative factor analysis was used to test the validity of the type-D construct in 
our population; the hypothesized model showed a good fit to the data.  
In multivariate analysis, the personality traits neuroticism (OR: 1.08; 95% CI: 1.00–
1.17), emotional stability (OR: 1.02; 95% CI: 1.00–1.04), and extraversion (OR: 
0.89; 95% CI: 0.83–0.96) were associated with tinnitus but the odds ratios were 
difficult to interpret. The odds ratio of tinnitus increased twofold when type-D 
personality was entered as the last step of the model and as indicated by the -2 log-
likelihood function, the level of prediction of the model improved with type-D 
personality in the final step of the model (χ2  = 5,066 [df  = 1], p = 0.02).  
Conclusions 
Neuroticism, reduced extraversion and reduced emotional stability are associated 
with tinnitus, but the prediction level of the model improved with the addition of 
type-D personality to the single traits. This might indicate that personality 
characteristics, and type-D personality in particular, are associated with having 
tinnitus and might contribute to its perceived severity. 
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Introduction 
 
Subjective tinnitus is an auditory perception of phantom sound in the absence of an 
acoustic stimulus. As a consequence of a reduced afferent input, neural plastic 
processes generate tinnitus in the central parts of the auditory system. Tinnitus is a 
common and disturbing condition reported by 10-20% of the general population 
(1;2). In a sample of 1275 subjects across 11 countries, the overall prevalence of 
tinnitus was 11%, with a higher prevalence in patients with somatization disorder 
(42%) or hypochondrial disorder (27%) (3). Tinnitus is more prevalent in males than 
females and its occurrence seems to increase with advancing age (1;2;4). Perceived 
tinnitus severity affects patients’ quality of life, including physical, emotional and 
social functioning, and induces psychological distress, such as anxiety and 
depression (3;5-11). However, not all patients with tinnitus experience the same 
levels of distress and the same impairments to quality of life as personality 
characteristics are likely to play an important mediating role.  
 Personality factors, including neuroticism and extraversion, assessed prior 
to the onset of tinnitus have been shown to predict the development of perceived 
tinnitus (9). Personality characteristics previously described to be associated with 
tinnitus include hysteria and hypochondriasis (5;7;12), neuroticism (9;13;14), lower 
levels of extraversion (9;13;14), withdrawal (5;15), emotional isolation (15), and 
psychasthenia (16;17). Psychasthenia refers to feelings of low self-esteem, anxiety, 
heightened sensitivity, moodiness and the inability to resist undesired maladaptive 
behaviours. In addition, the use of particular cognitive strategies, such as 
catastrophic and dysfunctional thinking, that increase patients’ emotional distress 
and perceived tinnitus severity may also be attributed to personality factors  (6;18). 
Although the role of personality factors in tinnitus has been examined extensively, 
these studies have focused on single traits rather than a combination of traits. 

In order to investigate which personality characteristics distinguish help-
seeking tinnitus sufferers from general ear, nose and throat (ENT) patients without 
tinnitus, we examined the following personality traits: neuroticism, extraversion, 
emotional stability and type-D personality. Type-D patients tend to experience 
increased negative emotions and generally feel sad and have a gloomy view of life. 
This is paired with the tendency not to share these emotions with others due to fears 
of how others may react (19). Consequently, type-D patients have fewer personal 
ties in general and hence often lack social support (19;20). The type-D construct was 
developed in patients with ischemic heart disease and was validated across groups 
with cardiovascular disease. However, there is increasing evidence that patients with 
this personality taxonomy are high-risk patients as type-D has been associated with a 
wide range of emotional distress (e.g. anxiety, depression and post-traumatic stress 
disorder), impaired quality of life and health status, lower level of social support and 
increased risk of mortality and morbidity, all  independent of demographic and 
clinical risk factors, including disease severity (21-23). In other words, type-D 
personality seems to play a modulating role in health-related functional status, 
quality of life and clinical, patient-based outcomes. The influence of type-D 
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personality on health outcomes cannot be attributed to these patients being more 
severely ill (24-26). This may also extend beyond cardiovascular disease to other 
chronic conditions, such as tinnitus. 

The objectives of this study were to investigate (1) whether the personality 
characteristics of neuroticism, extraversion, emotional stability and type-D 
personality were more or less prevalent in patients with tinnitus, as compared to 
ENT patients without tinnitus, and (2) whether type-D personality could be a 
discriminating factor between tinnitus and ENT patients, adjusting for neuroticism, 
extraversion and emotional stability. Since the type-D construct was developed and 
validated only in groups with cardiovascular disease, it was necessary to test the 
measurement model of this personality trait among tinnitus patients and controls 
prior to multivariate comparisons. In order to confirm the assessment of the 
hypothesized dimensions of the type-D personality trait among tinnitus sufferers, we 
further tested the hypothesis that (3) there is support for the separation of negative 
affectivity and social inhibition, subjecting the items from the type-D questionnaire 
(DS14) to confirmatory factor analysis. 
 
Material and methods 
 
Patients and design 
Consecutive chronic subjective tinnitus sufferers (n = 265) and consecutive ENT 
patients without tinnitus (n = 265) seen at the Department of Otorhinolaryngology of 
the University Medical Center Groningen, the Netherlands, were included in the 
current study. Tinnitus sufferers aged ≥ 20 years were included, provided that they 
were consulting our clinic because of their tinnitus. They were all suffering from 
chronic tinnitus, defined as duration longer than three months. Tinnitus patients 
were excluded if tinnitus was not the main reason for consulting our clinic, or if they 
had objective tinnitus (determined by means of a diagnostic protocol for tinnitus) or 
chronic disease co-morbidity. 

The controls were selected from patients aged ≥ 20 years visiting the 
otorhinolaryngologist. Eligible patients were subjects with non-severe or mild 
illnesses (e.g. mild hearing loss, sinusitis, gastrointestinal reflux, laryngitis, mild 
vertigo, hoarseness, etc.) or subjects with acute minor health complaints (e.g. small 
traumata, acute ear or sinus infections, nose bleeds, etc.). Subjects with a co-
morbidity of any chronic disease affecting health-related functioning were excluded 
in order to select a sample that approximated the normal population. After 
examination by the otorhinolaryngologist, patients were excluded if they had a 
chronic disease (e.g. diabetes mellitus, chronic heart failure, rheumatoid arthritis, 
multiple sclerosis, Parkinson’s disease or COPD) or any clinical sign indicating the 
presence of subjective or objective tinnitus. 

The study protocol was approved by the local medical ethics committee and 
all patients provided written informed consent. 
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Measures  
 
Demographic variables 
Age and gender were used as reported by patients in the questionnaire. Marital status 
or living arrangement was defined as: (1) living with a partner, (2) living alone. 
Educational status was defined as: (1) elementary schooling, (2) lower secondary 
schooling, (3) upper secondary schooling, (4) higher professional training, and (5) 
college/university education. Work status was defined as: (1) working and (2) not 
working (housewives were classified as working; retired persons were classified as 
not working). 
 
Measures of personality traits 
Personality traits were measured by means of self-rating questionnaires filled in by 
the subjects in private. We chose self-rating questionnaires to avoid the information 
bias (e.g. socially desirable responses) that might occur during personal interviews 
conducted by the otorhinolaryngologist in charge of the subject’s medical 
examination and treatment (unfortunately, the ENT clinic does not employ a health 
psychologist). We asked subjects to answer the questionnaire at home and, in order 
to comply with the informed consent condition of protecting the patient’s privacy, 
we also asked subjects to return their sealed questionnaires to the trial centre and not 
the outpatient clinic.  
 
Neuroticism and extraversion 
The neuroticism (EPQ-N) and extraversion (EPQ-E) scales were selected from the 
revised Eysenck Personality Questionnaire (EPQ-R) (27), using the certified Dutch 
translation of this questionnaire (28). Both the EPQ-N and the EPQ-E scales 
consisted of 12 items with a response scale of 1 (yes) and 0 (no). Scores are summed 
to yield a total score, which for the EPQ-N and EPQ-E ranges from 0-12. Higher 
scores indicate a higher degree of neuroticism or extraversion. The neuroticism scale 
of the Eysenck Personality Questionnaire (EPQ-N) assesses the general tendency to 
over-responsiveness or over-reactivity (neuroticism) with high values predisposing 
individuals to high levels of negative affect, such as worrying, moodiness, 
depression and anxiety. The low EPQ-N individual may be called “stable” and is 
usually even-tempered and controlled. High values on the EPQ-E scale predispose to 
high levels of sociability, positive affect and need for external stimulation. The 
person tending to be extrovert is carefree, easygoing and usually quite optimistic, 
whereas the person with introvert characteristics appears reserved and cautious. The 
EPQ-N and EPQ-E were assessed in seven Dutch studies (28) and showed on 
average strong levels of internal consistency with Cronbach’s alpha = 0.84 and 0.81, 
respectively.  
 
Type-D personality 
Type-D personality was assessed with the Type-D Scale (DS14) (19). The scale 
consists of 14 items that are answered on a five-point Likert scale from 0 (false) to 4 
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(true). Type-D personality characterizes those who tend to experience increased 
negative emotions and who do not express these emotions in social interactions. The 
DS14 consists of the subscales negative affectivity (NA: seven items; e.g., “I often 
feel unhappy”) and social inhibition (SI: seven items; e.g., “I am a ‘closed’ person”). 
A standardized cut-off at ≥ 10 on both subscales indicates the case of type-D 
personality (29). The DS14 has adequate reliability with Cronbach’s alpha = 0.89 / 
0.88 and three-month test-retest reliability of r = 0.72/0.82 for the DS14-NA and the 
DS14-SI subscales, respectively (19). 
 
Emotional Stability (FFPI-ES)  
Emotional Stability (FFPI-ES) was assessed with a subscale of the Five-Factor 
Personality Inventory (FFPI) (30-32). The ES scale consists of 20 items, with ten 
items each representing either the positive pole or the negative pole of this 
personality trait. Negative/positive items are reversed, such that lower scores 
indicate a higher level of stability. Patients indicated per item the extent to which the 
trait was applicable to them on a five-point Likert scale from 1 (not at all applicable) 
to 5 (entirely applicable). Emotionally stable people can take their minds off their 
problems, readily overcome setbacks, tend always to be in the same mood, do not 
invent problems for themselves and are not often overwhelmed by emotions (31). To 
avoid any response bias which may have arisen from experiencing tinnitus, for 
subjects diagnosed as having tinnitus, the general instruction was preceded by a 
situation-specific instruction: “Please do not let your answers be influenced by your 
current condition resulting from your illness or by any other reason for having been 
referred to the hospital.” The reliability and construct validity of this instrument has 
been well established (32-34). In previous studies the FFPI emotional stability scale 
showed satisfactory levels of internal consistency with Cronbach’s alpha ranging 
from 0.81 to 0.85. (31;32;35).   
 
Statistical analysis 
Discrete variables were compared using the chi-square test (Fisher’s exact test when 
appropriate, the difference of proportions test (36)) and are presented as numbers 
and percentages. Continuous variables were normally distributed (Shapiro Wilk, p > 
0.05), and were therefore compared with the Student t-test and are presented as 
means ± SD. In the case of multiple comparisons, we used the Bonferroni 
correction. Effect sizes (ES) were calculated only for the statistically significant 
results, since differences between groups that are due to sample fluctuation have no 
clinical relevance. Cohen’s ES “d”  for unrelated samples was used to estimate the 
magnitude of the difference between two groups (mean difference score/the pooled 
standard deviation). According to Cohen’s thresholds, an ES of < 0.20 indicates a 
trivial difference, an ES of ≥ 0.20 to < 0.50 a small difference, an ES of ≥ 0.50 to < 
0.80 a moderate difference and ES ≥ 0.80 a substantial difference (37). For 
differences in proportions, Cohen’s effect size statistic “w” was used with threshold 
of < 0.10 for trivial, > 0.10 to < 0.30 for small, > 0.30 to < 0.50 for medium and > 
.50 for large differences. All statistical tests were two-tailed. A value of p < 0.05 
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was used for all tests to indicate statistical significance. All statistical analyses were 
performed using SPSS 13.0.1 for Windows.  

Since the DS14 was being used for the first time in tinnitus patients, 
confirmative factor analysis (CFA) was applied to test the construct validity of the 
NA and SI subscales. Previous studies investigating the factor structure of the DS14 
have used exploratory factor analysis (EFA) rather than CFA (19;38;39). 
Confirmation of the hypothesized factor structure of NA and SI components is most 
adequately established by using CFA, which is a special type of structural-equation 
modelling (e.g., Bentler, 1989; Joreskog & Sorbom, 1989) (40;41). In CFA, the 
factor structure is explicitly hypothesized and is tested for its fit with the observed 
covariance structure of the measured variables. CFA can be used to compare the 
equivalence of factor structures in different samples (42;43). As such, CFA is more 
appropriate than EFA for assessing the replicability of the DS14 two-factor model 
across different samples. CFA also offers a wide variety of statistical tests and 
indices designed to assess the ‘‘goodness-of-fit’’ of identified models; thus, it 
provides a straightforward evaluation of the proposed factor/theoretical structure of 
the DS14. Model fit was assessed using multiple criteria as suggested by Bentler and 
Bonett (44): (a) non-significant χ2  indicating that a non-significant amount of 
variance in the data remains unexplained; however, a statistically significant χ2  can 
often be produced as an artifact of sample size and of small variations in the data 
(45), (b) normed fit index (NFI), (c) non-normed fit index (NNFI), (d) comparative 
fit index (CFI), and (e) the root mean square error of approximation (RMSEA). The 
NFI, NNFI and CFI fit indices indicate the extent to which the results fit the model 
that is being explored, with a value > 0.9 conventionally being adopted as evidence 
for a satisfactory fit (46;47). An RMSEA with values of less than 0.08 indicates a 
good fit to the data (48), while values greater than 0.10 suggest strongly that the 
model fit is unsatisfactory (49;50). The CFI and RMSEA were used because it has 
been argued that they provide more stable and accurate estimates than several of the 
other fit indices (49;50).  

Initial analyses showed that the model fit would be improved if a 
correlation between the latent variables was allowed, and so all analyses presented 
allow for this correlation. CFA was performed using LISREL (40). 

The reliability of all scales was examined with Cronbach’s alpha ( ≥ 0.70 
was considered sufficient) (51;52). However, since Cronbach’s alpha is dependent 
on the number of items in the scale, one can achieve a high reliability estimate by 
having either many items or highly inter-correlated items (or a combination of the 
two) (53).Thus, Cronbach’s alpha is essentially a function of two parameters: the 
number of scale items and the mean inter-item correlation (MIIC) among the items 
(54). The degree of inter-item correlation is a straightforward indicator of internal 
consistency, while the number of items is entirely irrelevant. According to the 
guidelines by Briggs and Cheek (55), the MIIC should fall in an optimal range 
between 0.20 and 0.50, but should not be less than 0.15 (53;56).Therefore, taking 
the upper value of the range, an MIIC ≥ 0.25 seems reasonable. When estimating the 
internal consistency of the scales, the following criteria were used: Cronbach’s alpha 
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coefficient ≥ 0.70 and ≤ 0.90.; MIIC ≥ 0.25. Scales with an alpha < 0.70 and a MIIC 
< 0.25 were removed.  

With tinnitus and non-tinnitus as the binary dependent variables, all 
demographic characteristics and personality traits were entered as independent 
variables into a forward-directed, step-wise multiple logistic regression analysis to 
define those personality traits that were assumed to be independently associated with 
tinnitus (as compared to non-tinnitus) and that would allow us to correctly separate 
both groups. A p-value of 0.05 was used as the cut-off for sequentially entering and 
removing each variable. 

In the first step we entered age, education, gender, marital status (partner vs 
no partner), work status (working vs not working), neuroticism, extraversion and 
emotional stability into a multivariate model. In the second step of the analysis we 
investigated with the -2 log-likelihood statistic 
 (-2LL) whether adding the type-D personality indicator to the model would improve 
the predictive power of the model. We report the odds ratios (ORs) with 95% 
confidence intervals (CIs) and applied the Hosmer-Lemeshow test to evaluate the 
model calibration. 
 
Results 
 
Patient characteristics 
Sociodemographic characteristics, stratified by tinnitus group vs. control group, are 
presented in Table 1. Tinnitus patients were statistically significantly older but this 
difference was small in size (ES = 0.38) and comprised more males (69.8% vs. 
50.6%) than in the control group, which was a small difference in proportion (ES = 
0.20). In addition, tinnitus patients were more likely to be married or have a partner 
(88.3% vs. 78.1%), but were less likely to be working (52.1% vs. 75.0%) than the 
controls. These differences in proportions were also small in magnitude. The 
proportion of subjects with primary schooling was higher among tinnitus patients 
than the controls, 38.1% vs. 27.4% (95% CI: 2.5–18.8%). In contrast, the proportion 
of patients with lower schooling was statistically significantly over-represented 
among the controls compared to the tinnitus population (34.4% vs. 25.9%; 95% CI: 
16.4– -0.04%). A comparison of gender and age distributions between the control 
group and the Dutch population showed no statistically significant differences to 
figures published by Statistics Netherlands. 

The response to the invitation to fill in the questionnaire was 97% in the 
tinnitus group and 93% in the control group. Non-responders did not deviate in age, 
gender, marital status, working status and education status in any statistically 
significant way from the patients in our sample groups. 
 
Confirmatory factor analysis of the DS14 
Results of the CFA indicated satisfactory separation of NA and SI for tinnitus and 
non-tinnitus, as indicated by the five a priori criteria (Table 2). In each sample, the 
chi-square goodness-of-fit test was not statistically significant and all indices, 
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including the CFI, NFI, NNFI (> 0.9) and RMSEA (< 0.06), indicated a good fit for 
the model in our study population. This suggests that the DS14 consists of two one-
dimensional subscales, which was confirmed in both tinnitus patients and controls.  
 
Table 1. Sociodemographic patient characteristics  
 
 
 

Tinnitus 
(n = 265) 

Controls 
(n = 265) 

P 
 

Effect size 

Age (years) 55.38 ± 11.3 50.46 ± 14.42 .00011 d = 0.38 
Males 
Females 

185 (69.8%) 
80 30.2(%) 

134 (50.6%) 
131(49.4 %) 

.00012 w = 0.20 

Marital status 
Married/living with partner 
Unmarried, widowed, 
divorced 

 
234 (88.3%) 
31 (11.7%) 

 
 207(78.1%) 
58 (21.9%) 

 
.0012 

 

 
w = 0.14 
 

Working status 
Working 
Not working 

 
137 (52.1%) 
126 (47.9%) 

 
198 (75.0%) 
66 (25.0%) 

 

.00012 
 
w = 0.24 
 

   95% Confidence Interval3 

Educational level 
Elementary schooling 
Lower schooling 
Secondary schooling 
Higher professional training 
College education/university 

(n=247) 
94(38.1%) 
64 (25.9%) 
68 (27.5%) 

8 (3.2%) 
 

13 (5.3%) 

(n=259) 
71 (27.4%) 
89 (34.4%) 
70 (27.0%) 

9 (3.5%) 
 

20(7.7%) 

 
2.5  18.8% 
-16.4   -.04% 
-7.3    8.3% 
- 3.4    2.9% 

 
- 6.7    1.8% 

1.Student’s T-test; 2. Fisher exact test; 3. Difference of proportions test. d = effect size for mean 
differences; w = effect size for differences in proportions. A Bonferroni correction was applied to all tests 
to adjust for multiple comparisons, with P<.01 (0.05/4) indicating statistical significance. 
 
Table 2. Confirmatory factor analysis for the DS14: negative affectivity and 
social inhibition as separate constructs 
 
Population χ2 df p NFI NNFI CFI RMSEA 90% CI for 

RMSEA 
Tinnitus 62.19 48 0.08 0.99 1.00 1.00 0.033 0.00 – 0.055 
Non-tinnitus 57.08 48 0.17 0.99 1.00 1.00 0.027 0.00 – 0.050 
Total sample 52.46 48 0.31 0.99 1.00 1.00 0.013 0.00 – 0.032 
NFI = normed fit index; NNFI = non-normed fit index; 3 = CFI = comparative fit index; RMSEA = root 
mean square error of approximation  
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Reliability of personality measures  
In the current study, the NA and SI scales yielded Cronbach’s coefficient alphas of 
0.90 and 0.87 in tinnitus patients and 0.82 and 0.87 in controls, respectively. In the 
total sample, the internal consistency estimates were 0.91 and 0.88 for NA and SI, 
respectively. The homogeneity of the NA and SI subscales was also confirmed by 
the mean inter-item correlations (MIIC): NA = 0.50 in the tinnitus sample and 0.41 
in controls; SI = 0.49 in both tinnitus and controls. Within the total sample of 
tinnitus and controls, MIICs of 0.52 and 0.51 were found for the NA and SI 
subscales, respectively, all of which are within the optimal range of between 0.20 
and 0.50.  

The EPQ-N neuroticism scale yielded Cronbach’s alphas of 0.84 (MIIC = 
0.32) and 0.86 (MIIC = 0.34) in the tinnitus and control group, respectively. The 
EPQ-E extraversion scale showed sufficient internal consistency with alphas of 0.87 
(MIIC = 0.27) and 0.90 (MIIC = 0.35) in the tinnitus and control group, 
respectively. Emotional stability yielded Cronbach’s alphas of 0.93 (MIIC = 0.29) 
and 0.91 (MIIC = 0.29) in the tinnitus and control group, respectively. 
 
Bivariate analysis of personality traits between tinnitus patients and controls  
Table 3 describes the mean standard deviations, p-values and effect sizes of the 
different personality traits assessed in both groups. Compared to the controls, 
tinnitus patients had, on the one hand, statistically significant (p < 0.05) and 
clinically relevant (ES > 0.20) higher levels of neuroticism, negative affectivity and 
social inhibition, and, on the other hand, lower levels of extraversion and emotional 
stability. In addition, tinnitus patients were more likely to have a type-D personality 
than the controls (Fisher’s exact test, one degree of freedom; 35.5% vs 10.6%; p < 
0.001).  
 
Table 3. Differences in personality traits between tinnitus patients and controls  
    

 
Tinnitus 

 
Control  

 
95% CI for ES 

 
Personality 
characteristic mean sd Mean sd 

 
p-

value1 

 
Effect 
Size 
(ES) 

lower Upper 

Extraversion 5.83 3.50 8.14 3.12 .0001 0.70 0.52 0.87 
Neuroticism 5.70 3.70 3.20 3.10 .0001 0.73 0.42 0.97 
Emotional stability 50.93 13.26 42.75 12.06 .0001 0.65 0.47 0.82 
         
Negative affectivity 13.18 7.32 6.20 4.85 .0001 1.12 0.94 1.31 
Social inhibition 10.37 6.49 6.68 5.33 .0001 0.62 0.45 0.80 

 
Type-D Tinnitus 

 
Control      

No type - D 
Type – D 

171 (64.5%) 
94 (35.5%) 

237 (89.4%) 
28 (10.6%) 

 
0.001² 

  
17.9% 

 
31.6% 
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1. T-test; 2. Fisher Exact Test 
Bonferroni correction was applied to all tests to adjust for 
multiple comparisons, with P<.008 (0.05/6) indicating statistical significance. 
 
Logistic regression analysis  
In the step-wise multiple logistic regression, four personality traits and five personal 
demographic characteristics were entered in the first step of the model to define 
those demographic and personality factors that are associated with tinnitus and may 
therefore contribute to a correct classification of patients with tinnitus.  
The results of this logistic regression analysis are summarized in Table 4.  

Multivariable logistic regression was used to identify personality traits as 
determinants of tinnitus. Gender (male) showed the strongest association (odds ratio: 
2.03, 95% CI: 1.32–3.13, p = 0.001), while working status and living with a partner 
both showed a significant association with tinnitus (odds ratio for working: 0.55, 
95% CI: 0.34–0.89, p = 0.01; odds ratio for marital status: 0.47, 95% CI: 0.27– 0.84, 
p = 0.01). 

The personality traits neuroticism (OR: 1.08; 95% CI: 1.00–1.17), poor 
emotional stability (OR: 1.02; 95% CI: 1.00–1.04), and a low level of extraversion 
(OR: 0.89; 95% CI: 0.83–0.96) were associated with tinnitus. Note that the 
estimated odds ratios of these personality traits are very close to one, which is 
relatively hard to interpret. However, the odds of tinnitus increased twofold when 
type-D personality was entered in the last step of the model. Furthermore, we 
investigated whether adding type-D personality in the last step of our model, which 
also included demographic characteristics, neuroticism, extraversion and emotional 
stability, actually improved the level of prediction for tinnitus. All personality traits 
were associated with tinnitus, but as indicated by the -2 log-likelihood function, the 
level of prediction of the model improved significantly with the addition of type-D 
personality (χ2  = 5,066 [df  = 1], p = 0.02). Comparison of the number of patients 
actually classified in each group with the number predicted for each group was 
evaluated with the Hosmer-Lemeshow statistic, producing a non-significant chi-
square for each model. The Hosmer-Lemeshow statistic for the model was 7.79 (p = 
0.35), indicating a good fit. 
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Table 4.  Multivariate logistic regression analysis: predictors of tinnitus status 
 

 
 
Discussion 
 
The results of our study show that the traits of neuroticism, extraversion, emotional 
stability and type-D personality are factors capable of distinguishing help-seeking 
tinnitus patients from general ENT patients without tinnitus. Tinnitus patients had 
higher scores on all single traits and were more likely to have a type-D personality.  

The results of the multivariate model showed that all personality traits were 
associated with tinnitus, but whilst the level of prediction of the model improved 
with the addition of type-D personality to the single traits of neuroticism, 
extraversion and emotional stability, the odds ratios of these personality traits are 
very close to one and therefore hard to interpret. The odds ratios of the tinnitus 
group increased twofold when type-D personality was entered into the model in the 
last step and, as indicated by the -2 log-likelihood function, the level of prediction of 
the model improved significantly with the addition of type-D personality. 
It was not the purpose of this study to assess differences in personality traits among 
tinnitus patients stratified by disease duration or severity but to compare a 
convenient sample of help-seeking tinnitus patients with a control group that 
approximated the normal healthy population. The subjects in the control group 
consulted our outpatient clinic for non-severe, mild or acute illnesses but showed no 
sign of having tinnitus or any chronic disease affecting health-related functioning. In 
using these patients as controls, we tried to create a group comparable to the general 
population. The medical reasons why the controls visited our outpatient clinic may 

 
95 % CI 

 
Variable  
(in order of entry) 

 
Regression 

coefficient B 

 
Standard 

Error 

 
Wald 

 
p-value 

 
OR 

lower Upper 

Demographics 
       

Male gender  0.710 0.220 10.360 .001 2.03 1.32   3.13 
Age  0.004 0.009 0.153 .70 1.00 0.99  1.02 
Working  - 0.606 0.248 5.981 .01 0.55 0.34   0.89 

Higher education   0.010 0.053 0.040 .84 1.01 0.91   1.12 
Married/having a 
partner 

- 0.743 0.292 6.468 .01 0.47 0.27  0.84 

Personality traits 
       

Neuroticism 0.079 0.039 4.071 0.044 1.08 1.00 1.17 
Extraversion -0.114 0.035 10.713 0.001 0.89 0.83 0.96 
Emotional stability 0.022 0.010 4.447 0.035 1.02 1.00 1.04 
Type-D personality 0.692 0.312 4.937 0.03 2.00 1.09 3.68 
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arise in any healthy person (nose bleeds, acute ear infections or sinusitis, mild 
hearing loss, mild vertigo, etc). 

Although we tried to employ group matching on age and gender, matching 
was not successful as tinnitus and controls differed in these characteristics. More 
reliable and valid results may have occurred if cases had been individually matched 
to controls. Matching on disease duration would lead to selection bias as controls 
were selected on having mild and acute symptoms in order to approximate a normal 
population. Nevertheless, the results of this study may be biased by an 
overrepresentation of those help-seeking subjects who suffer from tinnitus during 
many years. This is a weakness of this study. On the other hand, the higher 
prevalence of male subjects and older age among tinnitus patients compared to the 
general population, is in accordance with the results of other studies (1;57;58).  

However, the p-value indicates the obtained probability of a Type I error in 
a test of statistical significance (and rejecting the null-hypothesis) which does not 
imply automatically that the difference regarding age, gender, marital status and 
working status between the samples of tinnitus patients and controls was important 
in any way. For example, in large samples, small or trivial differences are likely to 
become statistically significant and differences between tinnitus and control that are 
not due to sampling error were nor very different but small according to 
standardized indices of differences between groups (effect sizes).  
  Comparable results were found by Holgers (11), who found that 22.8% had 
been absent from work due to their tinnitus. The negative influence of tinnitus on 
concentration, compounded by sleeplessness and fatigue, may explain this 
difference. 
 Estimating the importance of these differences in the current study, we may 
conclude that differences between the tinnitus group and controls, not due to 
sampling error (p < 0.05), were not very different but small in size according to 
standardized indices of differences between groups (effect sizes). Comparing gender 
and age distributions in the control group with census data from the Dutch 
population (59), any differences to the figures published by Statistics Netherlands 
were not statistically significant. Therefore, external validity may not be seriously 
hampered by unacceptably large differences according to Cohen’s thresholds for 
differences in means and proportions (60). More reliable and valid results may have 
occurred if the subjects had been individually matched to controls.  

Of the four personality characteristics investigated in our study, only 
neuroticism and extraversion have been assessed in previous studies of tinnitus 
patients. Other studies evaluating neuroticism in tinnitus sufferers also found a 
significant positive correlation between neuroticism and perceived tinnitus severity 
(9;13;14) except for Wilson et al. (61). Similarly, some (9;13) but not all studies 
(14) found significant inverse correlations between reduced extraversion and 
perceived tinnitus severity. To our knowledge, this is the first study to examine the 
role of emotional stability in tinnitus, whereas previous studies have predominantly 
described the personality trait of emotional stability as part of a personality profile, 
for example, the psychoticism component of the PSY-5 scale of the Minnesota 
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Multiphasic Personality Inventory (MMPI) (5;15). This psychoticism component of 
the MMPI also includes increased levels of social introversion, anxiety, internal 
conflict, withdrawal, emotional isolation and nonconformity; significantly elevated 
scores on this personality disposition were found in two studies (5;15).  
 Since the four scales of the EPQ-R are not subscales that need to be 
summed in order to constitute one composite scale, we can justify selecting only the 
scales of neuroticism and extraversion, and excluding psychoticism and social 
desirability. However, as the sequence of items listed in the questionnaire may have 
affected the responses to the items, differences with the outcomes of other studies 
may have occurred. To avoid this item-response bias, it might have been better to 
have used the brief version (EPQ-BV)(62) which involves only the two scales of 
neuroticism and extraversion. Furthermore, we also skipped four of the five FFPI 
scales), basing our decision to do so on the ethical principle of not wanting to place 
an unnecessary burden on patients by asking too many questions (FFPI, k = 100) 
about personality characteristics deemed less relevant to tinnitus (agreeableness, 
conscientiousness, openness or autonomy). 
 The results of the CFA in our study unambiguously confirmed that the 
type-D scale fits the hypothesized model, confirming the validity of the measure. 
This validity was previously evaluated only in patients with cardiovascular diseases. 
The results of our study show that the prevalence of type-D personality is 
significantly higher among our help-seeking tinnitus patients than in the control 
group.  

Furthermore, since there is no consensus on whether personality traits are 
associated with tinnitus, a heterogeneous set of measures was used in previous 
studies, including the normal or short version of the MMPI (5;7;15;17;63-65), the 
EPQ (9;13;14;61), and the DSM-III-R or DSM-IV classifications for psychiatric 
disorders (7;10;66-69). This heterogeneity of measures makes comparisons between 
studies difficult and inhibits systematic review. We chose to apply self-rating 
questionnaires to avoid information bias arising in interviews conducted personally 
by the otorhinolaryngologist in charge of the subjects’ medical examination and 
treatment (subjects may have felt required to give socially desirable responses). A 
disadvantage of this assessment procedure may have been the time subjects needed 
to answer and return the questionnaire, which may have led to a longer response 
time compared to the immediate response to questions posed by an interviewer. 
Another bias may have been the opportunity to communicate about items with 
significant others such as the partner or close friends.  
 In this study we used both the Eysenck Neuroticism Scale and the FFPI Emotional 
Stability Scale to target and assess the same feature (emotional stability). However, 
we initially intended to explore the potential roles of the negative and positive poles 
of this personality trait, which was not appropriate according to the developers of 
these measures. Interestingly, our results do not confirm the overlap of these 
constructs, although this was not the major focus of this study. 
 Since the evaluation of personality characteristics, and the type-D 
personality profile in particular, might explain why some tinnitus sufferers may 
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experience more problems as compared to others, and why some patients seek help, 
examination of personality characteristics seems a relevant factor in taking the 
history of tinnitus patients. In combination with anxiety and depression assessment, 
measuring type-D personality could help ENT practitioners determine who should 
be referred for psychological assistance early on in the evaluation and treatment of 
tinnitus, instead of after years of suffering. 
 The cause and effect relationship between perceived tinnitus severity and 
personality characteristics remains interesting but unexplained. Two major 
difficulties arise in relation to this debate. First, in the current study, tinnitus was 
already present at the moment of consultation and it was difficult to take any pre-
existing personality characteristics. Second, since our tinnitus patients were 
recruited because they had come to our clinic for their tinnitus, they were likely to 
be more distressed than the overall tinnitus population consisting of a mixture of 
help-seeking and non-help-seeking individuals. Therefore, our tinnitus study 
population may not represent the whole tinnitus population, indicating that the 
results of our study may be generalized only to the help-seeking tinnitus population. 
 In conclusion, this study found that help-seeking tinnitus patients had a 
tendency to be significantly more neurotic, less emotionally stable and less extravert 
than the general ENT population without tinnitus (comparable with the Dutch 
population in terms of age and gender), and these tinnitus patients had a significantly 
higher prevalence of the type-D (distressed) personality. 
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Abstract 
 
Objective  
To evaluate 1) the predictive power of psychological distress (i.e., vital exhaustion, 
anxiety and depression) on HRQoL and tinnitus severity, and 2) whether the 
indicators of psychological distress mediate the impact of Type D personality on 
HRQoL and disease severity in chronic tinnitus patients.  
Material and methods   
265 consecutive tinnitus patients completed self-report questionnaires. Anxiety and 
depression were assessed with the the Hospital Anxiety and Depression Scale, vital 
exhaustion with the Maastricht Questionnaire,  Type D with the DS14, and quality 
of life with the Short Form Health Survey 36 and tinnitus severity with the Tinnitus 
Reaction Questionnaire.  
Results  
Type D tinnitus patients (n=94) did not differ significantly from non-Type D 
patients (n=171) on sociodemographic characteristics. Type D patients were 
significantly more anxious, depressed and vitally exhausted, and experienced more 
impaired HRQoL and increased tinnitus severity compared to non-Type D patients. 
Structural equation modelling showed that anxiety, depression and vital exhaustion 
had a direct influence on HRQoL and tinnitus severity, with a higher impact on 
mental HRQoL (R²=0.77) compared to physical HRQoL (R²=0.33). Vital exhaustion 
was a predictor of HRQoL and tinnitus severity, however, affected by enhanced 
levels of anxiety and depression. Type D personality directly increased symptoms of 
depression and anxiety, but not vital exhaustion. Type D was also a direct predictor 
of poor mental and physical HRQoL and high levels of tinnitus-related distress, 
although this influence worked mainly via depression and anxiety  
Conclusions 
All indicators of psychological distress were major predictors of poor HRQoL and 
tinnitus severity, in which the role of anxiety and depression was more enhanced 
compared to the role of vital exhaustion. The impact of Type D personality on 
HRQoL and tinnitus severity was largely mediated by anxiety and depression, 
although Type D also had a direct effect on these outcomes. Our results underline 
that for decreasing the implications of having tinnitus on HRQoL and disease-
severity, treatment should be mainly directed at reducing anxiety and depression, 
especially in those patients with a Type D personality.  
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Introduction 
 
Chronic subjective tinnitus is a common and often disturbing symptom, affecting 
10-30% (1-3) of the adult population. About 1-5% of the population is severely 
affected by their tinnitus perception (2-4). Annoyance ratings and subjective 
loudness judgments frequently vary over time (5), and a wide variation exists in the 
impact of tinnitus on every day activities and health-related quality of life (HRQoL). 
It seems to bother some patients only slightly, whereas the impact on other patients 
is much more profound, leading to a reduction in daily activities and poor HRQoL 
(6-11). 
 Significantly perceived handicap and psychological distress have been 
described in about 40-50% of tinnitus sufferers (6). This is related to a variety of 
tinnitus-related complaints: anxiety, depression, insomnia, concentration problems, 
irritability, anger, frustration, inability to relax, feelings of helplessness, avoidance 
of noisy or quiet situations, withdrawal from social events, and emotional problems 
in relationships with family, friends and colleagues (7;11-21). The perceived distress 
due to tinnitus varies during the day and between days in most patients (22). 
Frequently a relation exists between the perception of severe tinnitus and the 
presence of excessive stress or emotions (23-27). Tinnitus noises become 
troublesome if the patient focuses the attention on the tinnitus (28), with tinnitus-
related distress likely being modulated by its uncontrollability and maladaptive 
coping strategies (24;29-32). The negative impact of anxiety and depression on 
HRQoL has been described by several authors, using one measure or a combination 
of generic HRQoL and tinnitus-specific measures for disease severity (6-
11;15;18;19;32-43). 

Anxiety and depression are generally used as measures of psychological 
distress,symptomsgenerally being higher in tinnitus patients compared to controls 
(6-11;15;18;19;32-43). In this study we introduce vital exhaustion as an additional 
dimension of distress.  Moreover, since perceived tinnitus severity was previously 
described to be associated with symptoms such as insomnia (14;44-46), 
concentration problems (7;46;47), and relaxation problems (48;49), we hypothesize 
tinnitus patients to suffer from increased fatigue and irritability. Vital exhaustion is a 
mental state that is defined as extreme fatigue, increased irritability and 
demoralization (50). Vital exhaustion has been measured predominantly in patients 
with cardiovascular disease (CVD) or cancer (51-56). In CVD patients, symptoms of 
fatigue and vital exhaustion have been described to be more prevalent in patients 
with a Type D (distressed) personality (57). Type D personality is characterized by 
negative affectivity and social inhibition. Therefore, Type D patients tend to 
experience increased negative emotions, generally feel sad and have a gloomy view 
of life, while not sharing these emotions with others due to fears of how they may 
react (58). The Type D construct was developed in cardiac patients and has been 
associated with poor HRQoL, increased levels of distress, less social support, and 
increased risk of mortality and morbidity in patients with CVD (59-61). 
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We previously described that tinnitus patients are more likely to have a Type D 
personality than healthy controls (62). Therefore, it seems likely that tinnitus 
patients with a Type D personality also experience more distress and poorer 
HRQoL.  

In this study, we evaluated 1) the predictive power of psychological distress 
(i.e., vital exhaustion, anxiety and depression) on HRQoL and tinnitus severity in 
tinnitus patients with and without a Type D personality structure, and 2) whether 
psychological distress mediated the impact of Type D personality on HRQoL and 
disease severity in chronic tinnitus patients.  
 
 
Materials and methods 
 
Patients and design 
Consecutive chronic subjective tinnitus sufferers (n = 265) seen at the Department of 
Otorhinolaryngology of the University Medical Center Groningen, the Netherlands, 
were included in the current study. Tinnitus patients aged ≥ 20 years were included, 
provided that they were consulting our clinic because of their tinnitus. They were all 
suffering from chronic tinnitus, defined as a duration of longer than three months. 
Tinnitus patients were excluded if tinnitus was not the main reason for consulting 
our clinic, or if they had objective tinnitus (determined by means of a diagnostic 
protocol for tinnitus) or chronic disease co-morbidity. 

 
Procedure 
Psychological distress, HRQoL, tinnitus severity, and Type D personality were 
measured by means of self-rating questionnaires filled in by the subjects in private. 
We chose self-rating questionnaires to avoid information bias (e.g. socially desirable 
responses) that might occur during personal interviews conducted by the 
otorhinolaryngologist in charge of the subject’s medical examination and treatment. 
We asked subjects to answer the questionnaire at home and, in order to comply with 
the informed consent condition of protecting the patient’s privacy, we also asked 
subjects to return their sealed questionnaires to the trial centre.  

The study protocol was approved by the local medical ethics committee and 
all patients provided written informed consent. 
 
Measures  
Sociodemographic variables 
Sociodemographic variables included age, gender, marital status, working status, 
and educational level.  
 
Anxiety and Depression  
The Hospital Anxiety and Depression Scale (HADS) 
The HADS was used to assess anxiety and depressive symptoms (63;64). HADS is a 
14-item measure, with 7 items contributing to the anxiety and depression subscales, 
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respectively. All items are answered on a 4-point Likert scale from 0 to 3 (score 
range of 0-21). The HADS is a reliable questionnaire that performs well in screening 
for the separate dimensions of anxiety and depression (65). 
 
Vital exhaustion 
Maastricht Questionnaire 
Vital exhaustion, which is defined as mental fatigue, demoralisation and increased 
irritability, was assessed by the 21-item Maastricht Questionnaire (MQ) (66). Each 
item is rated according to a three-point scale (No = 0; ? =1; Yes =2), with a scale 
score obtained by summing the answers. Thus, the minimum score is 0 and the 
maximum 42, with a high score indicating a severe level of vital exhaustion. The 
MQ is an internally consistent measure, with Cronbach’s alpha of 0.89. 
 
Generic health-related quality of life (HRQoL) 
The Short Form Health Survey 36 (SF-36)  
The SF-36 is a valid, reliable, and widely used generic measure of HRQoL that has 
been used in a myriad of studies of patients with somatic disease and healthy 
populations, with the 36 items contributing to eight scales: physical functioning, role 
physical functioning, bodily pain, vitality, social functioning, role emotional 
functioning, mental health, and general health (67;68). These scales are standardized 
to a score from 0 (poor) to 100 (high) and can be combined into two component 
summary scores (i.e., a physical component summary (PCS) and mental component 
summary (MCS)). The SF-36 has good reliability estimates, with Cronbach’s alpha 
ranging from .65 to .96 for all subscales (69).  
 
Tinnitus Severity  
Tinnitus Reaction Questionnaire  (TRQ) 
The Tinnitus Severity Questionnaire (TRQ), developed by Wilson in 1991 (39), was 
designed as a measure for distress associated with tinnitus. The TRQ consists of 26 
questions that are answered on a 5-point Likert scale from 0 (not at all) to 4 (almost 
all of the time), with a score range of 0-104. A higher score indicates a higher level 
of perceived distress caused by tinnitus, also labelled as tinnitus severity. The test-
retest reliability (r = .88) and internal consistency (Cronbach's alpha = .96) of the 
scale are good. A score on the TRQ correlates moderately to highly with clinician 
ratings (r = .67) and self-report measures of anxiety and depression (r = .58-.87) 
(39).  
 
Type D (distressed) personality 
DS14 
Type D personality was assessed with the 14-item Type-D Scale (DS14) (58). The 
DS14 consists of the subscales negative affectivity (NA: 7 items; e.g., “I often feel 
unhappy”) and social inhibition (SI: 7 items; e.g., “I am a ‘closed’ person”). Type D 
personality characterizes those who tend to experience increased negative emotions 
and who do not express these emotions in social interactions. A cut-off score ≥10 on 
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both subscales denotes those with a Type D personality (70). The DS14 has 
adequate reliability, with Cronbach’s alpha = 0.89 / 0.88 and 3-months test-retest 
reliability of r = 0.72 / 0.82 for the NA and the SI subscales, respectively (58).  
 

Statistical analyses 
Bivariate analyses  
Discrete variables were compared using the chi-square test (Fisher’s exact test when 
appropriate and the difference of proportions test (71)), and are presented as 
numbers and percentages. Continuous variables were normally distributed (Shapiro 
Wilk, p > 0.05), and were therefore compared with the Student t-test for independent 
samples and are presented as means ± SD. Effect sizes (ES) were calculated only for 
the statistically significant results, since differences between groups that are due to 
random variation have no clinical relevance. Cohen’s ES “d” for unrelated samples 
was used to estimate the magnitude of the difference between two groups (mean 
difference score/the pooled standard deviation). According to Cohen’s thresholds, an 
ES of < 0.20 indicates a trivial difference, an ES of ≥ 0.20 to < 0.50 a small 
difference, an ES of ≥ 0.50 to < 0.80 a moderate difference and ES ≥ 0.80 a large 
difference (72). Middel et al. showed that ES ≥ 0.20 reflects a clinically relevant 
difference (73) which was confirmed by Samsa et al. (74). Therefore, in this study 
an ES ≥ 0.20 was considered to be a clinically relevant difference between Type D 
and non-Type D tinnitus patients.  All statistical tests were two-tailed. A value of p 
< 0.05 was used for all tests to indicate statistical significance. All statistical 
analyses were performed using SPSS 13.0.1 for Windows.  
 
Structural Equation Model (SEM) 
A hypothesized model was investigated with structural equation modeling (SEM). 
SEM is a multivariable technique for testing the tenability of this model and is an 
elaboration of regression analysis. Path analysis was used to test a hypothesized 
model in which: (i) increased psychological distress (i.e., enhanced levels of 
depression, anxiety, and vital exhaustion) are predictors of poor mental and physical 
HRQoL and tinnitus severity, and (ii) Type D personality influences directly and 
indirectly mental and physical HRQoL and tinnitus severity through its effect on the 
indicators of  psychological distress (i.e., anxiety, depression, and vital exhaustion). 
The latent construct Type D personality was estimated with the indicators of 
negative affectivity (NA)  and social inhibition (SI), and defined as simultaneously 
high scores on both subscales (58). To allow for mutual comparisons between the 
path coefficients, the completely standardized solution was used. For judging the 
model fit, we used multiple criteria as suggested by Bentler and Bonett (75). The fit 
of the model was evaluated by means of (a) non-significant χ2  indicating that a non-
significant amount of variance in the data remains unexplained; a ratio of χ2  to the 
degrees of freedom less than three generally indicates a good model fit (76); (b) the 
root mean square error of approximation (RMSEA) (77); (c) the standardized root 
mean square residual (SRMR) (78-80); (d) the comparative fit index (CFI)(81); and 
(e) the Adjusted Goodness of Fit Index (AGFI)(80). Both CFI and RMSEA were 
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used, as it has been argued that they provide more stable and accurate estimates than 
several of the other fit indices (81;82). Structural paths with related t-values > 1.96 
can be regarded as significant at p<0.05 (i.e., parameter estimates ±1.96 standard 
errors should exclude 0). Given their complementary features, we used all five 
indices compared against their critical values to evaluate the models. 
 
Results 
 
Baseline characteristics stratified by Type D personality 
Type D tinnitus patients (n=94) did not differ significantly from non-Type D tinnitus 
patients (n=171) on sociodemographic characteristics (Table 1).  
 
Table 1. Sociodemographic characteristics of tinnitus patients stratified by 
Type D personality* 
 

* Results are presented as n (%) unless otherwise indicated 
 

1. Student’s T-test  
2. Fisher exact test 
3. Difference of proportions test  

 
 

Type D 
n= 94 

Non-Type D 
n= 171 

 
P-value 

Age (years) 
< 50 years 
mean (SD) 

 
62 (66.0) 
55.68 (10.67) 

 
99 (57.9) 
55.77 (11.70) 

 

0.242 

0.951 

Males 69 (73.4) 116 (67.8) 0.412 

Married/living with partner 81 (86.2) 153 (89.5)  0.432 

Working 41 (43.6) 96 (56.8) 0.062 

    
Educational level 
elementary schooling 
lower schooling 
secondary schooling 
higher professional training 
college education/university 

 
13 (15.1) 
20 (23.3) 
21 (24.4) 
25 (29.1) 
7 ( 8.1) 

 
30 (18.6) 
31 (19.3) 
43 (26.7) 
43 (26.7) 
14 (8.7) 

95% CI 
- 6.1 13.23 

- 14.8 6.83 

- 9.1 13.73 

-14.1 9.43 

- 6.7 7.83 

 
Differences in distress and health-related quality of life between Type D and non-
Type D tinnitus patients   
Means, standard deviations, p-values and effect sizes for the different measures of 
psychological distress and HRQoL are shown in Table 2 . Type D tinnitus patients 
reported more anxiety, more depressive symptoms, more symptoms of vital 
exhaustion, and poorer HRQoL compared to non-Type D tinnitus patients. All 
differences in psychological distress and HRQoL outcomes were statistically 
significant (p < 0.001) and clinically relevant, as indicated by a large ES (≥ .80) 
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according to Cohen’s effect size index. Nevertheless, the effect size of the difference 
in physical HRQoL between Type D and non-Type D patients was moderate (ES = 
0.61) (Table 2).  
 
 
Table 2. Differences in psychological distress and health-related quality of life 
stratified by Type D personality 
 

Type D 
(n = 94) 

Non- Type D 
(n = 171) 

 
95% CI for ES 
 

 
 

mean SD mean SD 

 
p-
value1 

 
Effect 
Size 
(ES) lower Upper 

psychological distress         
Anxiety 10.99 3.97 6.37 4.27 .0001 1.11 0.83 1.37 
Depression 10.25 3.99 5.70 4.57 .0001 1.04 0.77 1.30 
vital exhaustion 33.77 7.88 20.76 11.88 .0001 1.22 0.95 1.49 
health-related QoL       
mental HRQoL 41.49 19.44 66.20 22.58 .0001 1.15 0.88 1.42 
physical HRQoL 56.43 18.49 66.99 16.54 .0001 0.61 0.35 0.87 
tinnitus severity 63.40 15.46 42.59 21.94 .0001 1.05 0.78 1.31 
1. T-test 
 
The relationship between Type D personality, psychological distress, health-
related quality of life, and tinnitus severity (LISREL models) 
 
All models were evaluated by examining the parameter estimates and by the indices 
of overall fit provided by LISREL. Residual correlations between NA and SI, 
between anxiety and depression were allowed as they belonged to the same measure 
and were assessed simultaneously.  All model parameters met the criteria of good 
model fit as presented in Table 3. For each model, the Chi-square statistic indicated 
that a non-significant amount of variance in the data remained unexplained and 
relative to degrees of freedom was less than two, suggesting a good initial indicator 
of fit. The RMSEA was sufficiently low (<0.06), as was the SRMR (<0.005). The 
CFI value of 1.00 exceeded the .97 value and the AGFI index was > .95. Taken 
together, these results suggest that the hypothesized models fitted the data well. 
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Table 3. Parameters of model fit for mental, physical health-related quality of 
Life and tinnitus severity 

# the comparative fit index (CFI) with a value  > .97 indicates a good fit. According to Hu and Bentler (1999), this 

criterion is more appropriate than the >.95 criterion, as the large number of severely misspecified models is unacceptable 

(81) 
 
Figures 1-3 show the results of the path analysis, depicted by the direct and 
mediated paths between Type D personality, anxiety, depression and vital 
exhaustion, and the outcomes HRQoL and tinnitus severity, respectively. HRQoL is 
differentiated into components of mental and physical HRQoL.  

Overall, as hypothesized in our model within our tinnitus population, the 
more anxious, depressed or vitally exhausted patients were, the poorer the 
perception of global mental HRQoL (β= -.30, β= -.30 and β= -.29, respectively) and 
physical HRQoL (β= -.28, β= -.34 and β= -.45, respectively), and the more increased 
tinnitus severity (β= .21, β= .25 and β= .19, respectively), These parameter estimates 
were significant (with negative betas for HRQoL and positive beta for TRQ), 
indicating that increased symptoms of anxiety, depression and vital exhaustion led to 
reduced mental and physical HRQoL and increased tinnitus severity. According to 
our hypothesis, Type D personality was associated with increased symptoms of 
anxiety, depression and vital exhaustion, and poorer HRQoL and increased tinnitus 
severity. Presented figures mainly demonstrated the mediating role of the three 
indicators of psychological distress on the impact of Type D on HRQoL and disease 
severity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Critical values of parameter 
estimates 

χ2 df P RMSEA 
<0.06 

AGFI 
>0.95 

SRMR 
<0.05 

CFI# 

>0.97 
 
R2 

parameter estimates 
Mental HRQoL (SF-36) 
Physical HRQoL (SF-36) 
Disease severity (TRQ) 

 
5.09 
5.82 
5.96 

 
3 
3 
3 

 
0.17 
0.12 
0.11 

 
0.051 
0.06 
0.56 

 
0.96 
0.95 
0.95 

 
0.014 
0.019 
0.001 

 
1.00 
1.00 
1.00 

 
74 
33 
65 
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Figure 1.  A path model of Type D personality as predictor of anxiety and 
depression as precursors of poor physical HRQoL in tinnitus patients. Coefficients 
are all statistically significant, *<0.05, **<0.01 
 
Figure 1: Physical HRQoL (R² =0.33)  
Anxiety, depression and vital exhaustion all turned out to predict physical HRQoL 
in the tinnitus population (β=-.28, -.34, -.45 respectively). Type D personality 
significantly influenced anxiety, depression and physical HRQoL (β=-,86 β=.84, 
β=.53 respectively), but Type D did not directly influence vital exhaustion. 
However, the path analyses showed that the influence of Type D on vital exhaustion 
was present via anxiety (β=0.24) and depression (β=0.33). Overall, perceived 
physical HRQoL in the tinnitus population was predominantly determined by 
anxiety and depression, but also by Type D personality both by itself and via anxiety 
and depression.  
 
 
 
 
 
 
 

vital exhaustion 

HADS anxiety 

HADS depression 

SF-36 physical 
component score 

NA 

SI 

Type D 

anxiety 

depression

vital 
exhaustion 

physical 
HRQoL 

1.00 

0.52 

1.00 

1.00 

1.00 

1.00 

0.86**

0.84**

0.33** 0.24*

-0.53**

-0.28**

-0.34**

-0.45**
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Figure 2.  A path model of Type D personality as predictor of anxiety and 
depression as precursors of poor mental HRQoL in tinnitus patients. Coefficients 
are all statistically significant, *<0.05, **<0.01 
 
Figure 2: Mental HRQoL (R² =0.74)  
This model shows that all indicators of psychological distress predict mental 
HRQoL in the tinnitus population at a level comparable to that of physical HRQoL 
(β=-0.30, -0.30, -0.29). Type D directly elevated anxiety (β=0.87) and depression 
(β=0.85) and decreased mental HRQoL (β=-.26), but did not increase vital 
exhaustion. The influence of Type D personality on vital exhaustion was only 
induced via anxiety (β=0.25) and depression (β=0.32).  
  
 
 
 
 
 
 
 
 
 

vital exhaustion 

HADS anxiety 

HADS depression 

SF-36 mental 
component score 

NA 

SI 

Type D 

anxiety 
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mental 
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0.53 
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Figure 3.  A path model of Type D personality as predictor of anxiety and 
depression as precursors of increased disease severity in tinnitus patients. 
Coefficients are all statistically significant, *<0.05, **<0.01 
 
Figure 3: Tinnitus severity: (R² =0.69)  
All direct paths from anxiety, depression and vital exhaustion exerted an effect on 
tinnitus severity. These parameter estimates were significant with positive betas 
indicating that more symptoms of anxiety, depression and vital exhaustion led to an 
increase in tinnitus severity (β= 0.21, β= 0.25 and β= 0.19, respectively). Type D 
directly influenced anxiety (β=0.86), depression (β=0.84), and tinnitus severity 
(β=0.25), but no significant pathways were found between Type D and vital 
exhaustion. Type D mediated vital exhaustion via anxiety (β=.24)  and depression 
(β= .33).  
 
Predicting and mediating role of Type D across all models 
Type D exerted a direct effect on anxiety, depression, mental and physical HRQoL, 
and tinnitus severity. Type D personality had a higher direct effect on physical 
HRQoL (β= -.53, Figure 1) than on mental HRQoL (β= -.26, Figure 2) and tinnitus 
severity (β=.25, Figure 3). Furthermore, Type D personality had a considerable 
direct effect on both anxiety and depression across all models, but did not have a 
direct effect on vital exhaustion in any of the models. According to all presented 

vital exhaustion 
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SI 
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figures, psychological distress (mainly anxiety and depression) mediated the 
relationship between Type D and HRQoL / tinnitus severity. Type D personality, 
anxiety and depression explained 55% of the variance in mental HRQoL and 31% of 
the variance in physical HRQoL and 65 % of the variance in tinnitus severity.  
 

Discussion 
 
In this study of a tinnitus population, we found statistically significant and clinically 
relevant differences in all measures of psychological distress (i.e., anxiety, 
depression, and vital exhaustion), HRQoL and disease severity between Type D 
versus non-Type D patients. The two personality types were comparable on 
sociodemographic characteristics. Since we were interested in the relative influence 
of the different indicators of psychological distress on mental and physical HRQoL 
and tinnitus severity, we performed path analyses by means of structural equation 
modeling (SEM) using LISREL . Anxiety and depression were direct major 
predictors of mental and physical HRQoL and tinnitus severity in the tinnitus 
population, but also indirect via enhancing vital exhaustion. Type D was a direct 
predictor of mental and physical HRQoL and tinnitus severity, but the impact of 
Type D on HRQoL and tinnitus severity was mainly mediated by anxiety and 
depression. Via strong influences on anxiety and depression, Type D only indirectly 
influenced vital exhaustion. These results provide evidence that increased levels of 
anxiety and depression are precursors of reduced mental and physical HRQoL and 
increased tinnitus severity, and that these indicators of psychological distress 
mediate the impact of Type D personality on HRQoL and disease severity in tinnitus 
patients. 

In accordance to expectations, the presented LISREL-models showed that 
the explained variance in mental HRQoL was larger than for physical HRQoL. This 
indicates that psychological distress has a larger impact on mental HRQoL than on 
physical HRQoL in tinnitus patients. Although Type D was shown to exert a direct 
effect on mental and physical HRQoL and tinnitus severity, the majority of the 
effect of Type D on HRQoL and tinnitus severity was induced via the indicators of 
distress, and predominantly anxiety and depression. Since there is a large overlap 
between anxiety, depression, and mental HRQoL, this might explain the lower 
regression coefficient between Type D and mental HRQoL, with most of the 
variance following a pathway via anxiety and depression.  

Psychological distress has been described to be the most important 
predictor of impaired HRQoL in chronic diseases in general (83-85). The term 
‘psychological distress’ may accurately describe the individualized, subjective 
patient response to acute or chronic illness (83;85-93). If individuals experience 
psychological distress it may be manifested by an alteration from a stable baseline 
emotional state to one of anxiety, depression, demotivation, vital exhaustion, 
irritability, aggressiveness, self-depreciation, and even suicide in the extreme 
(50;84;90;94). Several tinnitus studies have reported that anxiety and depression are 
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important indicators of poor HRQoL contributing to the development of severe 
annoying tinnitus (11;14-18;24-27;31;36;95). Since vital exhaustion has previously 
been shown to be associated with psychological distress and poor HRQoL in 
patients with CVD (96-99), we decided to examine the role of vital exhaustion in 
tinnitus patients. Vital exhaustion was never previously investigated in tinnitus 
patients. Vital exhaustion was shown to directly predict both mental and physical 
HRQoL and tinnitus severity in tinnitus patients, and to exert an indirect effect on 
HRQoL via anxiety and depression. Our study demonstrated that the addition of 
vital exhaustion as an indicator for psychological distress may be worthwhile in the 
study of tinnitus patients.  

The relation between Type D personality and different indicators of 
psychological distress is in accordance with previously performed studies in CVD 
patients (99;100). Our results demonstrated that Type D personality mainly 
influences anxiety and depression, and thereby indirectly vital exhaustion, HRQoL 
and tinnitus severity. This extends research on Type D personality, showing that the 
impact of Type D personality on HRQoL and disease severity is mainly mediated by 
psychological distress. In turn, this provides important information for both research 
and clinical practice, showing that tinnitus patients with a Type D personality are 
particularly prone to distress and therefore poor HRQoL and more tinnitus severity. 
Hence, in order to improve the HRQoL of tinnitus patients, interventions in these 
patients should be targeted towards reducing psychological distress, in particular in 
Type D patients.  

In conclusion, we found that Type D tinnitus patients experienced more 
psychological distress and poorer HRQoL than non-Type D tinnitus patients. 
Anxiety, depression and vital exhaustion were direct predictors of all measures of 
HRQoL and disease severity in the tinnitus population. Although Type D was a 
direct predictor of mental and physical HRQoL and tinnitus severity, the impact of 
Type D on HRQoL and tinnitus severity was mainly mediated via anxiety and 
depression. These results provide evidence that increased levels of anxiety and 
depression are precursors of poor HRQoL and increased tinnitus severity, but that 
personality also plays an important role with its impact on HRQoL and disease 
severity being mediated by psychological distress. From a clinical point of view, 
these results underline that in order to improve HRQoL and decrease tinnitus 
severity in tinnitus patients, treatment and psychosocial interventions should be 
mainly directed at reducing anxiety and depression, especially in those patients with 
a Type D personality.  
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Abstract 
 
Objective 
Evaluating the effect of anxiety and depression on clinical measures of general 
health, tinnitus-specific quality of life, and coping abilities. 
Material and methods  
265 chronic, subjective tinnitus patients were divided into 4 psychological symptom 
groups according to cut-off scores on anxiety and depression subscales of the 
Hospital Anxiety and Depression Scale (HADS); 1) no-symptoms, 2) anxiety-only, 
3) depression-only, 4) anxiety-plus-depression. General health-related quality of life 
(SF-36), tinnitus-specific quality of life (TRQ and THI) and coping abilities (TCSQ) 
were assessed and analyzed across these four psychological symptom groups, which 
did not differ on age, gender, marital and working status.  
Results  
Statistically significant and clinically relevant differences on general health-related 
and tinnitus-specific quality of life and coping abilities were identified when 
comparing anxiety-plus-depression subgroup with the subgroups anxiety-only, 
depression-only or no-symptoms. Highest associations were seen between the 
anxiety-plus-depression subgroup and impaired quality of life and maladaptive 
coping.  
Conclusions  
Our results demonstrate the additive effect of both anxiety and depression in 
impairing general health-related and tinnitus-specific quality of life and application 
of coping strategies, and reiterate the need for investigating both symptoms in the 
clinical evaluation of tinnitus patients.  
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Introduction 
 
Psychological distress is defined as a discomforting, emotional state experienced by 
an individual in response to a specific stressor or demand that results in harm to the 
person, either temporary or permanent (1). The term ‘psychological distress’ may 
accurately describe the individualized, subjective patients response to acute or 
chronic illness (2-4), manifested by an alteration from a stable baseline emotional 
state to one of anxiety, depression, lack of motivation, irritability, aggressiveness, 
self-deprecation, and even suicide (1;4;5). Psychological distress has been described 
to be the most important predictor of impaired health-related quality of life in 
chronic diseases (1-3). Anxiety and depression are important indicators of 
psychological distress, and reasonably play a critical role in the reduction of health-
related quality of life measures, thereby creating a vicious circle between quality of 
life and psychological distress. Measuring psychological distress in study 
populations of subjects with a (chronic) disease is usually performed by means of 
measures of anxiety and depression - such as the Hospital Anxiety and Depression 
Scale (HADS (6)), State-Trait Anxiety Index (STAI: Spielberger 1970), Anxiety 
Sensitivity Index (ASI: Reiss 1986) and Beck Depression Inventory (BDI: Beck and 
Steer 1987).  However, subscales for emotional (role) functioning belonging to 
generic measures of quality of life - such as the Short Form Health Survey (SF-36 
(7)), Nottingham Health Profile or SCL-90-R (Derogatis 1976) have been used as 
measures of psychological distress, as well  (8-11).  

Tinnitus is a chronic condition, frequently described to cause psychological 
distress and impaired health-related quality of life. Chronic tinnitus affects 15-30% 
of the adult population and about 1- 5 % of the population is severely affected by it 
(12-14). The degree of annoyance frequently varies over time and a wide variation 
exists regarding the extent to which tinnitus affects every day activities, mental and 
physical functioning. This could be the reason why tinnitus seems to slightly bother 
some patients, but may have substantial implications on the quality of life in other 
patients.  

Adverse effects of psychological distress on health-related quality of life in 
adults with chronic diseases have been described in many studies (1-3). Therefore, 
symptoms of psychological distress among tinnitus patients may contribute to a 
substantial impairment of health-related quality of life. 

The impairing role of anxiety and depression on tinnitus-related quality of 
life has been described by several authors using one measure or a combination of 
generic health-related and tinnitus-specific quality of life measures(1;2;8-11;15-23). 
Some studies describe tinnitus-associated psychological distress to be predominantly 
experienced by individuals who are anxious (9;22;24;25), other studies mainly 
describe in particular the role of depression in inducing tinnitus-related 
psychological distress (19;21;26) 

 Tinnitus’s impact on health-related mental and physical functioning and 
quality of life may also be influenced by a patient’s ability to cope with the daily 
physical and emotional effects of comorbid psychological distress (16;18;27-29). 
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Coping abilities can be investigated by means of generic or disease-specific coping 
measures. According to the Tinnitus Coping Style Questionnaire (TCSQ), developed 
by Budd and Pugh in 1996 (30), two coping styles can be defined; ‘effective coping’ 
and ‘maladaptive coping’. ‘Maladaptive coping’ is characterized by catastrophic 
thinking about the consequences of tinnitus, avoidance of social situations, and 
increased psychological distress, leading to a reduced adjustment to tinnitus and an 
increase of perceived tinnitus severity. ’Effective coping‘ is associated with positive 
self-talk, encouraging themselves to cope with tinnitus, switching attention, and 
implement activities throughout the day that facilitate distraction from their tinnitus. 
Several authors described a correlation between less effective / maladaptive coping, 
impaired tinnitus-related quality of life, tinnitus severity, anxiety and depression 
(23;31;32).   

Purposes of this study were to investigate whether anxiety and depression, 
as indicators of psychological distress, can be assumed as independent determinants 
of (poor) health-related quality of life in tinnitus patients, or that the co-occurrence 
of these symptoms have an additive effect in affecting health-related quality of life. 
We also investigated whether patients differ in the effectiveness with which they 
adapt coping abilities when they only have symptoms of anxiety (anxiety-only), only 
symptoms of depression (depression-only), co-occurrence of anxiety and depression 
(anxiety-plus-depression) or have no symptoms of anxiety or depression (no-
symptoms).  
 
Material and methods 
 
Patients and design 
Consecutive subjective tinnitus sufferers (n = 265) seen at the Department of 
Otorhinolaryngology of the University Medical Centre Groningen were included in 
the current study. Tinnitus sufferers aged ≥ 20 years were included, provided that 
they consulted our clinic because of their tinnitus. All patients suffered from chronic 
tinnitus, defined as duration longer than three months. Tinnitus patients were 
excluded if tinnitus was not the main reason for consulting our clinic or if they had 
objective tinnitus (determined by means of a diagnostic protocol for tinnitus). After 
ENT-consultation, patients were excluded if they had chronic disease co morbidity 
(e.g. diabetes mellitus, chronic heart failure, rheumatoid arthritis, Multiple Sclerosis, 
Parkinson’s disease or COPD).  

The study protocol was approved by the local medical ethics committee and 
all patients provided written informed consent. 
 
Demographic and clinical characteristics 
Demographic variables included gender, age, marital status, educational level and 
working status. 
Age and gender were used as reported by patients in the questionnaire. Marital status 
or living arrangement was defined as: (1) living with a partner; (2) living alone.  
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Work status was defined as: (1) working and (2) not working (housewives were 
classified as working). Educational level was defined as: (1) elementary schooling; 
(2) lower schooling; (3) secondary schooling; (4) higher professional training and; 
(5) college education/university.  
 
Measures of psychological distress, health-related quality of life and coping  
We preferred self-report questionnaires to avoid information bias by personal 
interviewing, for example ‘yeah’-say and social desirable response in an interview 
with the otorhinolaryngologist who was in charge for their medical examination and 
treatment.  
 
Anxiety and depressive symptoms 
The Hospital Anxiety and Depression Scale (HADS) (6) is a self report measure for 
assessing anxiety and depressive symptoms. The scale consists of two subscales, a 
7-item anxiety and 7-item depression scale. Both 7-item scales are answered on a 4-
point Likert scale from 0 to 3 with a score range of 0-21, and both require that 
patients describe how they have been  feeling in the past week. A cut-off score > 8 
for both subscales was used to quantify patients with likely anxiety and depressive 
symptoms, as this cut-off yields an optimal balance between sensitivity and 
specificity (33). The HADS is a reliable questionnaire that performs well in 
screening for the separate dimensions of anxiety and depression (33). 
 
General health-related quality of life; SF-36 
The Short Form Health Survey (SF-36) is a generic measure that assesses eight 
health status or health-related quality of life domains, i.e. physical functioning, role 
physical functioning, role emotional functioning, mental health, vitality, social 
functioning, bodily pain, and general health (7). Scale scores are obtained by 
summing the items together within a domain, dividing this outcome by the range of 
scores and then transforming the raw scores to a scale from 0 to 100 points. A higher 
score on the SF-36 subdomains represents a better functioning with a high score on 
the bodily pain scale indicating freedom from pain. The scale has good reliability 
with Cronbach’s alpha ranging from .65 to .96 for all subscales (34).  
 

Tinnitus-targeted measures; quality of life  and coping 
 
Tinnitus Reaction Questionnaire (TRQ)  
The TRQ, developed by Wilson in 1991 (35), was designed to assess the distress 
caused by tinnitus. The TRQ is a self report inventory and consists of 26 items, rated 
on a 5-point Likert scale (0 = not at all; 1 = a little of the time; 2 = some of the time; 
3 = a good deal of the time; 4 = almost all of the time). The total TRQ-scores ranges 
between 0 and 104 points (4x26 questions). No cut-off scores have been described. 
A higher total TRQ-score positively correlates with higher levels psychological 
distress caused by tinnitus. Wilson (Wilson et al, 1991) determined psychometric 
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analyses of the TRQ with a total of 156 subjects in three separate samples. Results in 
this study indicated very good test-retest reliability (r = .88) and internal consistency 
(Cronbach's alpha = .96), moderate to high correlations were found between the 
TRQ and clinical tinnitus severity ratings (r = .67) and self-report measures of 
anxiety and depression (r = .58 -.87). 
 

Tinnitus Handicap Inventory (THI) 
The THI is designed by Newman in 1996(36), for measurement of tinnitus handicap 
and the impact of tinnitus on everyday functioning. This questionnaire consists of 25 
questions and a 3 point Likert scale (yes = 4 points, sometimes = 2 points and no = 0 
points). Newman (36)described a total scale and three subscales are obtained; the 3 
subscales measure the functional effects of tinnitus (F), the emotional response to 
tinnitus (E) and the catastrophic response to tinnitus (C). The Functional subscale 
(F) reflects role limitations in mental, social/occupational, and physical functioning 
(11 items); the emotional subscale (E) includes affective reactions to tinnitus (9 
items); the catastrophic (C) subscale probes strong emotional responses to the 
symptom of tinnitus (5 items). Baguley and Andersson (37) performed a factor 
analysis of the THI in a group of 80 clinical tinnitus patients and 116 patients with 
unilateral vestibular schwannoma, and yielded strong support for a unifactoral 
structure of the scale. The majority of items loaded on the first factor with a high 
internal consistency of the total score. They therefore recommended use of the total 
score instead of subscales in clinical practice. The total THI-score can be achieved 
by adding the points per question, with a maximum score of (25 questions * 4 points 
=) 100 points. A higher score indicates greater difficulties in functioning or 
handicap. Reference scores ranging form 0-16 indicate no handicap, 18-36 indicate 
mild handicap, 38-56 indicate moderate handicap, and 58-100 indicate severe 
handicap (38). The total scale yielded excellent internal consistency reliability 
(Cronbach’s alpha= .93). No significant age or gender effects were seen during 
development. Weak correlations were observed between the THI and the Beck 
Depression Inventory, Modified Somatic Perception Questionnaire, and pitch and 
loudness judgments. Significant correlations were found between the THI and 
symptom rating scales.  

After inclusion of 50% of the tinnitus study population, the tinnitus 
handicap inventory (THI) was introduced in the study’s protocol for methodological 
purposes (convergent -  divergent validity analysis). Therefore one hundred and 
thirty subjects filled out the THI. We have checked whether these subjects deviated 
systematically from the sample (N=135) who only filled out the TRQ. No statistical 
significant differences were found with regard to gender, age, marital status and 
TRQ scores. 
 

The Tinnitus Coping Style Questionnaire (TCSQ) 
This 40-item questionnaire, developed by Budd and Pugh in 1996 (30), assesses a 
broad range of both adaptive and maladaptive coping abilities. Sufferers indicated 
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how frequently they employed each of these coping abilities by responding to each 
items on a 7-point Likert scale (never, rarely, occasionally, sometimes, often, nearly 
always, always), with response ‘always’ scored as 7 and ‘never’ scored as 1.  A 
higher score on both coping mechanims indicated a greater tendency toward this 
type of coping ability. The TCSQ is reported to have good psychometric properties, 
with Chronbach’s alpha coefficients for ‘maladaptive coping’ subscale of 0.90 and 
for ‘effective coping’ subscale of 0.89. According to Budd and Pugh (30), 
‘maladaptive coping’ is associated with a reduced adjustment to tinnitus, leading to 
an increase of perceived tinnitus severity and psychological distress. This coping 
style is characterized by catastrophic thinking about the consequences of tinnitus 
and wondering what they have done to deserve it. These sufferers avoid social 
situations and are more anxious and depressed. Tinnitus sufferers with an ’effective 
coping style‘ use a broad range of adaptive coping strategies, leading to acceptance 
of their tinnitus. They often use a positive self-talk to encourage themselves to cope 
with tinnitus. Switching attention and an increased amount of activities throughout 
the day will help them to distract themselves from their tinnitus. Correlations (p< 
0.001) were determined between the tinnitus coping style subscales; Tinnitus 
severity correlated with: maladaptive coping r = 0.68, effective coping r = 0.14), the 
Beck Depression Inventory (maladaptive coping r = 0.62, effective coping r = 0.14), 
and the State-Trait Anxiety Index (maladaptive coping r = 0.70, effective coping r = 
0.01). 
 
Statistical analyses 
Prior to statistical analyses, four psychological symptom groups were created on the 
basis of anxiety and depressive symptoms, defined by the cut-off scores of the 
HADS subscales (33). Pedersen (39) previously created four psychological symptom 
groups in a study about health status following percutaneous coronary intervention. 
These 4 subgroups were defined as: (1) no-symptoms, (2) anxiety-only, (3) 
depression-only, and (4) anxiety-plus-depression.  

The chi-square test (Fisher’s exact test when appropriate) was used to 
compare the four psychological symptom groups on baseline characteristics. A post 
hoc Bonferroni correction was applied to all tests to adjust for multiple comparisons 
with p < 0.004 (p < 0.05/12 items) indicating statistical significance.   

Continuous variables were normally distributed in the current study 
(Shapiro Wilk, p > 0.05), and were therefore compared with the Student t-test and 
are presented as means ± SD. A value of p < 0.004 (p<0.05/12) was used for all tests 
to indicate statistical significance. Statistical measurements for multiple 
comparisons were performed by means of ANOVA. Since we were interested 
whether the implications of co-occurrence of anxiety and depression had stronger 
implications on health-related quality of life and coping abilities compared to single 
or no occurrence of anxiety or depression, the results of the no-symptoms, anxiety-
only or depression-only subgroups are compared to the anxiety-plus-depression, 
group.   
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Effect sizes (ES) were calculated only for the statistically significant results (α = 
.05), since differences between groups that are due to sample fluctuation have no 
clinical relevance and were estimated with post hoc tests (with Bonferroni correction 
for capitalization on chance in multiple testing). Cohen’s effect size (ES) for 
unrelated groups was used to estimate the magnitude of the difference between two 
groups (mean difference score/the pooled standard deviation) so as to avoid 
overestimation of effect with Cohen’s thresholds (40). According to Cohen’s 
thresholds, an ES of < 0.20 indicates a trivial difference, an ES of ≥ 0.20 to < 0.50 a 
small difference, an ES of ≥ 0.50 to < 0.80 a moderate difference and ES ≥ 0.80 a 
substantial difference (Cohen, 1997). As shown by Middel and Van Sonderen (40), 
an ES of >.20 reflects a meaningful difference between groups  according to an 
external criterion and was therefore considered as a clinically relevant difference. 
Since effect sizes of >2.0 were estimated, we used Hopkins thresholds to interpret 
very large effect sizes (ES ≥2.00 to <4.00) (Hopkins, 2002). The effect size 
terminology has been widely used since its introduction in medical research in 
comparing treatment groups. However effect size estimates are also a common 
method in comparing differences between independent (diagnostic) groups such as 
severity of angina in cardiac patients (Middel, 2001),  extent of limitation in patients 
with multiple sclerosis (41) or between countries (42) using Cohen’s thresholds for 
trivial, medium and large differences in proportions and means (43;44).  
 
Multivariable logistic regression analysis 
Multivariable logistic regression analyses were performed to investigate the impact 
of psychological symptoms on generic and tinnitus-specific health-related quality of 
life, and coping mechanisms, using the no-symptom group as reference group. Prior 
to these analyses, all variables were dichotomized. For dichotomizing the 
subdomains of the SF-36, the lowest tertile was used as indicator for impaired 
health-related quality of life, in accordance with previous studies (39;45). The TRQ 
was also dichotomized by using the highest tertile as indicator for increased tinnitus-
caused distress. The THI was dichotomized by a cut off score of 58 points as 
estimated by Newman (38), indicating impaired tinnitus-specific quality of life. This 
cut off score for severe tinnitus, was defined by Newman. In the multivariable 
analyses, we adjusted for gender, age > 60 years, marital status and working status. 
All tests were two tailed. Odds ratios (ORs) with 95% confidence intervals (CIs) are 
reported.  
All statistical analyses were performed using SPSS 14.0 for Windows. 
 
Results 
 
Patient characteristics stratified by symptoms of psychological distress. 
The average age of the total study population (n=265) was 55.38 years (± 11.3), with 
161 (60.8%) persons younger than 60 years and 104 (39.2%) patients 60 years and 
older. The sample consisted of 69.8% males. Of the whole population, 88.3% were 
married / had a partner and 52.1% were working. The no-symptom group consisted 
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of 108 (40.8%) patients, the anxiety-only of 27 (10.2%) patients, the depression-only 
of 26 (9.8%) patients and the anxiety-plus-depression group of 104 (39.2%) patients. 
Gender, age, working status and marital status - did not differ significantly between 
the four psychological symptom groups. 
 
Differences on generic and disease-specific measures across psychological 
distress subgroups  
Table 2 presents the results of bivariate evaluation of differences in generic and 
tinnitus-targeted measures between the four psychological symptom groups. Generic 
and tinnitus-specific health-related quality of life and coping mechanisms of 
subgroups anxiety-only, depression-only and no-symptoms were compared with the 
subgroup anxiety-plus-depression, using ANOVA post-hoc analysis for multiple 
comparisons.  

The extreme group differences between no-symptoms and anxiety-plus-
depression subgroups (D-A) were the most pronounced for the mental domains of 
the SF-36 (role emotional functioning, mental health, vitality, social functioning) 
and for the tinnitus-specific measures of health-related quality of life and 
maladaptive coping (ES>1.00). Moderate differences on physical function (ES 
=0.56) and effective coping (ES = 0.46) between these two groups. 

Moreover, comparing anxiety-plus-depression patients with tinnitus 
patients anxiety-only and depression-only (D-B and D-C), showed similarly large 
magnitude for the mental scales but half of the size compared to the extreme group 
differences between no symptoms and anxiety-plus-depression subgroups (D-A). 
Subgroup differences (D-B and D-C) were significantly different for all mental 
scales, TRQ, THI and maladaptive coping, but not for the SF-36 physical scales 
(role physical, physical functioning, bodily pain and general health.)  
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Table 1. Patient characteristics stratified by psychological symptoms 

 
1. Fisher exact test 2. Difference of proportions test 
 
 
 
 
 
 
 
 
 

 
 

Tinnitus population 
(n = 265) 

P 
 

 no-symptoms 
n=108 

anxiety-only 
n=27 

depression-only 
n=26 

anxiety-plus-
depression 

n=104 

 

 
Gender 
Males (n=185) 
Females 
(n=80) 

 
 

73 (67.6%) 
35 (32.4%) 

 
 

19 (70.4%) 
8 (29.6%) 

 
 

21 (80.8%) 
5 (19.2%) 

 
 

72 (69.2%) 
32 (30.8%) 

 

 

0.634 

Age (years) 
< 60 yrs 
(n=76) 
> 60 yrs 
(n=189) 

 
70 (64.8%) 
38 (35.2%) 

 
18 (66.7%) 
9 (33.3%) 

 
13 (50% 
13 (50%) 

 
60 (57.7%) 
44 (42,3%) 

 

0.425 

Working 
status 
Work (n=137) 
No work 
(n=126) 

 
66 (61,1%) 
42 (38.9%) 

 
16 (59.3%) 
11(40.7%) 

 
11 (42.3%) 
15 (57,7%) 

 
46 (44.2%) 
58 (55.8%) 

 

0.037 

Marital status 
Partner 
(n=234)  
no partner 
(n=31) 

 
96 (88.9%) 
12 (11.1%) 

 
24 (88.9%) 
2 (11.1%) 

 
22 (84.6%) 
5 (15.4%) 

 
92 (88.5%) 
12 (11.4%) 

 
0.684 

Educational level 
Elementary schooling 
Lower schooling 
Secondary schooling 
Higher prof training 
College / university 

n=247 
94(38.1%) 
64 (25.9%) 
68 (27.5%) 

8 (3.2%) 
13 (5.3%) 

95% CI2 

2.5  18.8% 
-16.4   -.04% 
-7.3    8.3% 
- 3.4    2.9% 
- 6.7    1.8% 
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Table 2.Generic& tinnitus-specific measures stratified by psychological distress 
 

Tinnitus population(n=265) 
Effect Size  Group A 

no-
symptoms 
(n=108) 

Group B  
anxiety-only 

(n=27) 

Group C  
depression-

only 
(n=26) 

Group D 
anxiety-

plus-
depression 

(n=104) 

 
 
 

F 
 

D-A D-B D-C 

 
SF-36 role 
physical 
fynctioning 

 
73.84(±37.0) 

 

 
68.52(±40.8) 

 

 
57.69(±47.3) 

 

 
33.41(±39.7) 

 

 
19.6 

 
 

1.07 
*** 

 
 

0.90 
*** 

 
 

0.60 
* 

SF-36 role 
emotional 
fynctioning
  

87.04(±30.2) 
 

64.20(±44.3) 
 

57.69(±46.7) 
 

29.17(±38.5) 
 

43.61 1.68 
*** 

0.88 
*** 

0.71 
*** 

SF-36 
physical 
functioning 

87.87 
(±20.9) 

 

87.04(±17.8) 
 

78.65(±28.0) 
 

75.43 
(±23.2) 

 

6.14 0.56 
*** 

- - 

SF-36 
mental 
health 

76.04(±12.8) 
 

59.41(±13.2) 
 

60.31(±14.0) 
 

39.27(±14.4) 
 

129 2.70 
*** 

1.42 
*** 

1.47 
*** 

SF-36 
vitality 

64.91(±16.1) 
 

54.51(±14.7) 
 

44.23(±17.9) 
 

34.76(±13.8) 
 

70.6 2.01 
*** 

1.41 
*** 

0.64 
** 

SF-36 social 
functioning 

79.51(±19.1) 
 

62.04(±17.2) 
 

62.98(±31.9) 
 

44.23(±21.6) 
 

47.8 1.73 
*** 

0.86 
** 

0.78 
** 

SF-36 
bodily pain 

82.10(±21.8) 
 

76.7(±22.1) 
 

75.81(±34.3) 
 

61.84(±30.1) 
 

10.5 0.80 
*** 

- - 

SF-36 
general 
health 

65.16(±13.9) 
 

56.18(±13.7) 
 

58.46(±15.9) 
 

49.42(±14.9) 
 

18.1 1.01 
*** 

- - 

Coping 
(TCSQ) 
maladaptive 
coping 
 
effective 
coping 

 
 

44.7 (±15.2) 
 

 
65.3 (±14.4) 

 
 

60.0 (±18.7) 
 
 

64.0 (±13.5) 

 
 

59.6 (±15.5) 
 
 

58.8 (±11.8) 

 
 

71.4 (±17.6) 
 
 

59.1 (±12.7) 

 
 

46.2 
 
 

4.47 

 
 

1.63 
*** 

 
0.46 
*** 

 
 

0.64 
** 

 
 
- 

 
 

0.69 
*** 

 
 
- 

 
Total TRQ-
score 

 
32.9 (±15.8) 

 
52.1 (±15.6) 

 
50.2 (±18.1) 

 
67.1 (±16.1) 

 
79.8 

 
2.15 
*** 

 
0.94 
*** 

 
1.02 
*** 

Total THI-
score 

n=51 
35.25(±17.7) 

n=8 
52.75(±16.9) 

n=9 
54.00(±8.3) 

n=62 
73.81(±18.8) 

 
44.6 

 
2.11 
*** 

 
1.18 
*** 

 
1.15 
*** 
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A post hoc Bonferroni correction was applied to all tests to adjust for multiple comparisons, with P< 
0.004(0.05/12) indicating statistical significance. Difference between groups with no-symptoms (A), 
anxiety-only (B) or depression-only (C) were compared to the group with *anxiety-plus-depression* (D) 
by means of ANOVA. F-values are all significant at p=0.01 level 
*** p < 0.001 
**  p < 0.01 
*   p < 0.05 

 
Multivariable logistic regression analyses  
Table 3 presents the results on the multivariable logistic regression analyses with 
adjustment for gender, age, marital status and working status. The no-symptoms 
subgroup was used as reference group.  
 Dichotomizing TRQ at the highest tertile showed 71 patients (26,8%) to 
suffer from severe tinnitus, compared to 194 patients (73,2%) suffering from less 
severe tinnitus. The cut-off score for severe tinnitus, assessed with the THI, as 
determined by Newman(38), was used for dichotomizing the total THI-score and 
showed 61 patients (46.9%) to suffer from severe tinnitus, compared to 69 patients 
(53,1%) suffering from less severe tinnitus. Since the THI was added in a later phase 
of this study, records concern an amount of 130 subjects. Total scores on the TCSQ 
were dichotomized by the highest tertile, as well: 87 subjects (32.8%) mainly had 
maladaptive coping abilities, compared to 178 subjects (67.2%) with less 
maladaptive coping abilities.  

The anxiety-plus-depression, anxiety-only and depression-only subgroups 
were compared to the no-symptoms group which served as reference group for the 
analysis. In the anxiety-plus-depression subgroup, all variables differed significantly 
from the reference group, except for ‘effective coping abilities’ and subdomain 
‘physical functioning’. Similar results were obtained for the depression-only group 
compared to the reference group. The anxiety-only group did not differ significantly 
from the reference group, except for domain ‘mental health’.  

The regression coefficients (B) for depression-only were meaningfully 
larger in size compared to regression coefficients (B) of anxiety-only. This might 
indicate that, across all outcomes of general and disease-specific health-related 
quality of life, depression is stronger associated with the outcomes on tested 
variables than anxiety. 
Presented Odds Ratios (OR’s) approximating 0 indicate a low association between 
the tested variable and the reference group and therefore a high association between 
the tested variable and subgroup. The OR’s presented in table 3 show the highest 
associations between the anxiety-plus-depression subgroup and the variables ‘role 
emotional functioning’, ‘mental health’, ‘vitality’, ‘social functioning’, tinnitus 
severity (TRQ and THI) and ‘maladaptive coping strategies’. Less substantial 
associations were seen at the variables ‘bodily pain’, ’general health’, and ‘physical 
functioning’. 
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Table 3. Multivariate Logistic Regression analyses 
 
Tested variables Psychological symptom groups OR [95% CI] P 
Health status domain     
Role physical fynctioning Anxiety-only 

Depression-only 
Anxiety-plus-depression 

0.759 
0.356 
0.138 

0.28 - 2.08 
0.14 – 0.93 
0.07 – 0.26 

0.592 
0.034 
0.000 

Role emotional 
functioning 

Anxiety-only 
Depression-only 
Anxiety-plus-depression 

0.196 
0.142 
0.036 

0.06 – 0.60 
0.05 – 0.45 
0.02 – 0.09 

0.004 
0.001 
0.000 

Physical fynctioning Anxiety-only 
Depression-only 
Anxiety-plus-depression 

1.276 
0.531 
0.536 

0.25 – 6.52 
0.14 – 2.00 
0.22 – 1.31 

0.769 
0.349 
0.171 

Mental health Anxiety-only 
Depression-only 
Anxiety-plus-depression 

0.830 
0.721 
0.092 

0.02 – 0.36 
0.02 – 0.31 
0.00 – 0.03 

0.001 
0.000 
0.000 

Vitality Anxiety-only 
Depression-only 
Anxiety-plus-depression 

0.498 
0.097 
0.067 

0.09 - 2.91 
0.03 – 0.38 
0.02 – 0.20 

0.439 
0.001 
0.000 

Social functioning Anxiety-only 
Depression-only 
Anxiety-plus-depression 

0.508 
0.076 
0.052 

0.04 - 5.91 
0.01 - 0.43 
0.01 - 0.23 

0.589 
0.004 
0.000 

Bodily pain Anxiety-only 
Depression-only 
Anxiety-plus-depression 

0.753 
0.116 
0.152 

0.07 – 7.73 
0.02 – 0.56 
0.04 – 0.56 

0.811 
0.008 
0.004 

General health Anxiety-only 
Depression-only 
Anxiety-plus-depression 

0.730 
0.926 
0.227 

0.26 – 2.09 
0.30 – 2.85 
0.12 – 0.44 

0.557 
0.893 
0.000 

Disease-specific     
Total TRQ-score Anxiety-only 

Depression-only 
Anxiety-plus-depression 

0.194 
0.301 
0.024 

0.07 – 0.75 
0.11 – 0.84 
0.01 – 0.08 

0.003 
0.022 
0.000 

Total THI-score Anxiety-only 
Depression-only 
Anxiety-plus-depression 

0.291 
0.373 
0.020 

0.04 – 1.98 
0.06 – 2.46 
0.01 – 0.07 

0.203 
0.306 
0.000 

Effective coping Anxiety-only 
Depression-only 
Anxiety-plus-depression 

0.691 
0.644 
0.642 

0.28 – 1.70 
0.25 – 1.65 
0.35 – 1.17 

0.422 
0.360 
0.148 

Maladaptive coping Anxiety-only 
Depression-only 
Anxiety-plus-depression 

0.232 
0.169 
0.097 

0.08 – 0.65 
0.06 – 0.47 
0.05 – 0.20 

0.005 
0.001 
0.000 

a) Multivariate analyses with adjustment for gender, age > 60 years, working status 
and marital status. b) No-symptoms group was used as reference group 
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Discussion 
 
This study describes a statistically and clinically relevant significant difference in 
general and tinnitus-specific health-related quality of life and coping abilities 
between tinnitus patient groups differentiated by symptoms of psychological 
distress. To our knowledge, the taxonomy of (combinations) of symptoms of anxiety 
and depression as developed by Pedersen in a sample of patients with cardiovascular 
diseases (Pedersen et al, 2006), has never been previously performed in a tinnitus 
population. Largest differences were found in the extreme group comparisons of 
patients having anxiety-plus-depression with no-symptoms  regarding the domains of 
mental functioning i.e. ‘role emotional functioning’, ‘mental health’, ‘vitality’, 
‘social functioning’, tinnitus severity (TRQ and THI) and ‘maladaptive coping 
abilities’. Significant associations were seen between these variables and the 
anxiety-only and depression-only groups, as well, but with a lower extend than 
measured in the anxiety-plus-depression group. Although less substantial, large 
differences between the anxiety-plus-depression and the no-symptoms groups were 
also seen at the variables ’bodily pain’, ’general health’, and physical functioning. 
These variables did not differ significantly between the other subgroups. Overall, we 
may conclude that co-occurring anxiety and depression have an additive effect in 
reducing (especially mental) general and tinnitus-specific health-related quality of 
life and increase maladaptive coping abilities. Our results underline the assessments 
of and attention to both anxiety and depression in investigating and treating tinnitus 
patients.  

In this study, we used both generic and disease-specific health measures for 
quality of life. Some authors previously described general health-related quality of 
life in a tinnitus population by means of generic health measures, frequently 
measured in combination with anxiety and depression (9;19;46-50). The Short 
Form-36 (7)was already used in several tinnitus studies (46-48;50).and, in 
accordance to our results, predominantly described a marked reduction in health 
status of tinnitus sufferers throughout all subscales.  
 A disadvantage of measuring health-related quality of life by means of 
generic health measures, is the variability associated with different aspects of the 
measure; On one hand you never know if the measured effects are caused by the 
tinnitus or other medical or social-health problems, on the other hand, many of the 
factors, as assessed by means of the measure may not be those that are most relevant 
or problematic for the individual. This statement is also supported by our results in 
statistical analyses of SF-36 subscales, as presented in Table 2; subscales concerning 
physical aspects showed less statistical difference compared to subscales concerning 
emotional or social items, presumably because tinnitus has greater impact on 
emotional and social functioning than on physical functioning.To avoid this conflict 
between generic and disease-specific health problems, several investigators choose 
disease-specific measures for quality of life. Tinnitus-specific measures for quality 
of life and health-related physical, social and emotional functioning are: the Tinnitus 
Reaction Questionnaire (TRQ, Wilson 1991) , the Tinnitus Severity Questionnaire 
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(Erlansson 1992), the Tinnitus Handicap Questionnaire (THQ, Kuk 1990), the 
Tinnitus Handicap Inventory (THI, Newman 1996) , the Tinnitus Effects 
Questionnaire (Hallam 1988) and the Tinnitus Questionnaire (TQ, Hallam 1996). In 
accordance to our study, these questionnaires were used in several studies about 
tinnitus-related quality of life, assessed in relation with anxiety and depression, e.g. 
(17;20;22;23;25;51).  

In accordance with our study, the HADS (6)has shown to be a successful 
screening tool for tinnitus-related psychological distress in several other tinnitus 
studies (19;20;22;29;32;52-54). Since some studies attribute the amount of 
psychological distress to anxiety (9;22;24;25)and others to depression (19;21;26;29), 
our results provide a new insight that especially the co-occurrence of anxiety and 
depression generated more psychological distress and impaired quality of life, rather 
than anxiety or depression alone. To our knowledge, the taxonomy of anxiety and 
depression, as investigated in this study, has never been investigated in previous 
tinnitus studies.  

In chronic diseases like tinnitus, anxiety and depression frequently co-
occur, and the existence of anxiety or depression may even precede the onset of the 
other and may increase the perceived severity of anxious or depressed feelings. The 
cause-and-effect relation between tinnitus and symptoms of psychological distress is 
another interesting topic and the answer to this question needs to be investigated in a 
prospective cohort study. The onset of tinnitus during an emotionally stressful 
period in life has been described to possibly contribute to the development of 
chronic tinnitus suffering (9). Some authors have previously emphasized the 
importance of including tools for identification of depressive and anxiety disorders 
in the diagnostic process and management of tinnitus in an early stage, suggesting 
that the earlier anxiety and depressive disorders are treated, the better the prognosis 
might be (10;24;55). We definitely agree with this statement, since our results 
demonstrate that especially those patients with anxiety-plus-depression showed 
statistically significant and clinically relevant (ES’s) outcomes on emotional, mental 
and social aspects of generic (SF-36) and disease-specific (TRQ and THI) health-
related quality of life; identification and treatment of both anxiety and depression 
are essential in successfully reducing severe tinnitus and its implications on 
emotionally and physical functioning.   

This study also demonstrated that, besides their poorer health status and 
health-related quality of life, the patients in the anxiety-plus-depression group more 
frequently exhibited maladaptive coping abilities. Effective coping abilities were 
seen in the patient no-symptoms subgroup and in the anxiety-only subgroup. Since 
the concept of creating subgroups according to taxonomy of anxiety and depression 
has never been previously investigated, the relation between coping abilities and the 
co-occurrence rather than single occurrence of anxiety and depression has never 
been previously described.  

The role of cognitive functioning in the development and maintenance of 
severe tinnitus and associated psychological distress has been described in several 
studies (51;56-58)and influences the ability to cope with the tinnitus perception 
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(18;30). The Tinnitus Coping Style Questionnaire (TCSQ) has been previously used 
in several studies (23;31;32;51), describing – in accordance with our results - a 
positive relation between reduced quality of life and the application of maladaptive 
coping strategies. Because of the potential vicious circle between tinnitus severity, 
psychological distress and maladaptive coping, early intervention seems necessary. 
Since our results demonstrate that especially the anxiety-plus-depression subgroup 
had maladaptive coping abilities, these results strengthen the previous mentioned 
statement that diagnosing and treatment of both anxiety and depression in an early 
stage after tinnitus development seems essential. 
 
Conclusions 
 
The co-occurrence of anxiety and depression (as observed in the anxiety-plus 
depression group) demonstrates a stronger association with poorer quality of life 
measures (both generic and tinnitus specific) as well as maladaptive coping abilities, 
when compared to the subgroups no symptoms,anxiety-only and depression-only. 
The highest evidences of association were found between the anxiety-plus 
depression group and the variables role emotional functioning, mental health, 
vitality, social functioning, maladaptive coping strategies, and the scores for the 
TRQ and THI. Although lower, substantial associations were found between the 
anxiety-plus-depression subgroup and the variables general health, bodily pain, and 
physical functioning. These effects of anxiety plus depression were generally 
additive, and in some cases synergistic, underlining the contribution of both 
psychological variables to psychological distress which in turn reduces health 
related quality of life. We conclude that for successfully reducing severe tinnitus, it 
would seem essential to provide assessment of both anxiety and depression at an 
early stage after tinnitus onset, followed by appropriate interventions for each 
condition as soon as detected. 
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Abstract 

Objective                      
Long-term evaluation of treatment of chronic, therapeutically refractory tinnitus by 
means of chronic electrical stimulation of the vestibulocochlear nerve.          
Patients                   
Inclusion criteria were severe, chronic, therapeutically refractory, unilateral tinnitus 
and severe hearing loss at the ipsilateral site. Out of six patients, four patients were 
selected for long-term evaluation. Two patients were not evaluated because of 
preliminary dropout.                          
Material and methods              A 
stimulation electrode was placed around the vestibulocochlear nerve through a 
retrosigmoid approach and connected to a subcutaneously-positioned pulse 
generator via an extension cable. Follow-up was performed three months and 42.5 
months after implantation. Three measures for treatment outcome were used. First, 
effect sizes were determined by means of the total THI-score using Cohen’s 
formula. Second, general and tinnitus-specific audiometric tests were performed in 
on- and off-conditions of the neurostimulation system. Third, recordings were noted 
for tinnitus severity and treatment success on a visual analogue scale. 
Results  
All four patients reported successful treatment with neurostimulation. The effect size 
after three months was 0.7, indicating an average effect, while the effect size 
measured during long-term follow-up was 1.75, indicating a substantial effect with 
major clinical implications. No changes in hearing level for both ears were 
measured. The neurostimulation system did not change the tinnitus pitch in any of 
the patients, and resulted in a minimal reduction of tinnitus loudness in only two 
patients. In all four patients the original tinnitus sound was replaced by another, 
pleasantly-perceived sound. The average VAS-score of perceived tinnitus severity 
was reduced from 8 to 3.25. The average VAS-score for treatment success was 7.25.  
Conclusions  
The long-term follow-up of neurostimulation treatment for chronic tinnitus shows 
promising results. Long-term results were better than those determined after a three-
month follow-up. In all patients the tinnitus was replaced by another, pleasantly-
perceived sound. Further studies are needed before accepting neurostimulation as a 
treatment modality for chronic, therapeutically refractory tinnitus. 
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Introduction 
 
Tinnitus is a phantom perception of meaningless sounds in absence of an external 
acoustic stimulus (1;2), which is chronic and may affect everyday activities and the 
quality of life experienced. This subjective tinnitus is only experienced by the 
patient and cannot be objectified by an external observer (3). About 2−5% of the 
general population is severely affected by tinnitus (4;5), experiencing anxiety, 
depression, and great negative implications on concentration, sleep and relaxation.  

Tinnitus has been described in association with nearly every form of ear 
pathology but is most frequently related to cochlear dysfunction (1). Deprivation of 
input, abnormal input or injury to peripheral receptors are causes of tinnitus at the 
peripheral level. They result in a decreased afferent input to the central auditory 
pathways, inducing alterations in several structures of the CNS in order to 
compensate for and adapt to these altering demands or reduced input.  

Mechanisms such as neural plasticity, reorganization of receptive, 
tonotopical fields and loss of inhibition might induce hyperactivity and the spread of 
activity in several structures of the auditory pathways. Enlargement of excitatory 
receptive fields and redirection of neuronal information induce activity in parts of 
the brain that are normally not involved in auditory perception. Tinnitus may be the 
perceptual consequence of this hyperactivity in the brain, which can be described as 
a maladaptive manifestation of neural plasticity within the auditory system. Because 
of the dynamically modifiable character of the CNS, the effects of neural plasticity 
on the CNS are potentially reversible (6) if the distorted patterns of input are 
restored. This creates opportunities for the development of treatment modalities. 

Electrical stimulation of the auditory system as a treatment modality for 
tinnitus has been investigated in humans over the last decades, varying from 
transcutaneous stimulation at the outer ear to direct intracranial stimulation of the 
central auditory pathway structures. Primarily, transcutaneous and transtympanic 
electrical stimulation were investigated and several studies showed some tinnitus 
relief (7-10). Using non-invasive, transcranial magnetic stimulation, several 
investigators proved able to reduce the perceived tinnitus strength at least during the 
time of stimulation (11-13). Direct electrical stimulation of the cochlea has been 
performed by means of a round window electrode (14), promontory stimulation (15) 
and cochlear implants (16-18). Suppressing tinnitus by means of the electrical 
stimulation of higher structures of the auditory pathways has been investigated at the 
brainstem (19) and the auditory cortex in humans (11;20). The tonotopically 
organized auditory system and the thalamocortical loop interactions (21) explain the 
effects of these neurostimulation modalities on tinnitus perception.  

Many similarities have been described between the pathophysiological 
processes of tinnitus and other hyperexcitability manifestations such as neuropathic 
pain, muscle spasm, phantom pain, phonophobia and hyperpathia (6). Based on the 
analogy of treatment modalities used in other hyperexcitability disorders, it might be 
possible to develop new treatment modalities for tinnitus. For several years 
neurostimulation devices have been used to treat various chronic pain syndromes 
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shown to be intractable to other treatment modalities. Neurostimulation has been 
performed in neural structures in and outside the central nervous system, and 
encompasses various techniques such as Transcutaneous Electrical Nerve 
Stimulation (TENS), Peripheral Nerve Stimulation, Spinal Cord Stimulation, Deep 
Brain Stimulation and cortical stimulation (22-25). Spinal Cord Stimulation is 
described as being effective in the treatment of neuropathic pain syndromes such as 
reflex sympathetic dystrophy, peripheral nerve injury, post-amputation pain, spinal 
cord lesions, and ischemic pain syndromes as seen in angina pectoris and peripheral 
vascular disease (26;27). The Spinal Cord Stimulation device consists of an 
electrode lead connected to a pulse generator via an extension lead. The electrode is 
implanted epidurally at a vertebral level that is determined by the location of the 
pain. Electrical pulses transmitted to the electrodes excite fibers in the spinal cord, 
thereby generating paresthesia in the pain region and decreasing the pain sensation. 

Following current ideas about neurostimulation of hyperexcitability 
disorders such as tinnitus and chronic pain, in 2001 we developed a new treatment 
modality using neurostimulation of the auditory pathways. By means of chronic 
electrical vestibulocochlear nerve stimulation, we initially treated six patients with 
therapeutically refractory tinnitus, primarily studying the feasibility and safety 
aspects (28). The long-term clinical evaluation of this treatment modality in four of 
the six patients will be described in this paper. 
 
Patients and method 
 
Patients             
The most important inclusion criteria for the initial pilot study of treatment with 
neurostimulation were patients with unilateral, severe, chronic, therapeutically 
refractory tinnitus and severe hearing loss at the site of the tinnitus. Patients with 
bilateral tinnitus, hearing thresholds less than 80 dB HL at all frequencies (ranging 
from 125 Hz up to 8 kHz) and with any other treatment available were excluded 
from the initial study. 

Six patients were treated with neurostimulation during the initial study; four 
patients were selected for long-term evaluation. Two patients did not participate 
because of preliminary dropout.  

In one of these two dropouts the neurostimulation system proved to be 
unsuccessful after a period of three months post intervention. As the pulse generator 
was surgically removed during this period, long-term evaluation could not be 
performed in this case. The second dropout reported treatment success during the 
three-month evaluation period (Patient 2 (28)). Other medical health and psychiatric 
problems, not related to the tinnitus, led to an unreliable measurement of treatment 
outcome. This patient was therefore excluded from long-term evaluation.  

Patient characteristics are given in Table 1: they concern one man and three 
women, between 54 and 64 years of age. The initial pathology that caused the 
tinnitus and severe hearing loss was an idiopathic sudden deafness in three patients 
and deafness as a result of cochlear surgery in the fourth patient. The average 
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duration of the tinnitus sensation before implantation was 4.5 years (range 1−8 
years). The average time between surgery and long-term evaluation was 42.5 
months (range 30−49 months). 
 
Operation technique 
The implanted device consisted of a custom made quadripolar stimulation lead 
(Model 2958-25; Medtronic Corporation, Minneapolis), a pulse generator (Itrel 3, 
Model 7425; Medtronic) and an extension cable (Model 7496-51; Medtronic) 
(Figure 1). The stimulation electrode was placed around the vestibulocochlear nerve 
through a retrosigmoid approach (Figure 2). The slit circular electrode housing of 
the lead with four contact plates was placed around the vestibulocochlear nerve after 
arachnoideal dissection of the eighth from the seventh nerve, as close to the brain 
stem as possible. The electrode was connected to the subclavicular, subcutaneously-
placed pulse generator via an extension cable. 

The pulse generator was programmed (Model 7432 programmer; 
Medtronic) with an individually modifiable range of stimulation parameters. The 
waveforms of the stimulus pulses are unmodulated monophasic and charge balanced 
(to prevent a net charge admission to the stimulated tissues). The stimulation 
parameters were set using a doctor’s computerized programmer, which 
communicates transcutaneously with the implanted generator. A patient programmer 
(Model 7434; Medtronic) enables an on-and-off switch and a slight variation of the 
voltage within the preset window.  

Two of the six implants were funded by Medtronic. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Long-term results of neurostimulation nVIIIG  
 

 
132

 

 
Figure 1. The Neurostimulation system 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Implantation of the stimulation lead around the vestibulocochlear 
nerve 
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Evaluation measurements 
Follow-up was performed three months and on average 42.5 months after 
implantation. Tinnitus severity was measured by means of the Tinnitus Handicap 
Inventory (THI), designed and validated by Newman in 1996 (29). The THI 
questionnaire consists of twenty-five questions and a three-point Likert scale. 
Ratings of the total THI-score vary from 0 to 100 points; a total THI-rating of at 
least 58 points indicates that tinnitus is causing a severe handicap.  

Effect sizes of neurostimulation treatment were determined according to 
Cohen’s formula (30), noted in Appendix 1. By means of the pooled standard 
deviations and averages of total THI-scores before intervention and during follow-
up, the effect size of neurostimulation treatment could be calculated. An effect size 
is an easily used, statistical measure for determining the success of treatment 
reported. The effect-size value gives an indication of clinical relevance, as described 
in Appendix 1.  

General and tinnitus-specific audiometric tests and click-evoked 
otoacoustic emission tests in the contralateral ear were performed in on- and off-
conditions of the neurostimulation system.  

The patients were asked to score their tinnitus severity on a visual analogue 
scale (0 = no tinnitus, 10 = extremely severe tinnitus) before intervention and during 
long-term evaluation, and to give their opinion about success of treatment (0 = not 
successful, 10 = very successful).   

The neurostimulation treatment in the six patients was approved by the 
ethics committee of the University Medical Hospital Groningen, the Netherlands, in 
2001. 

Results  
 
Two electrodes were positioned on the right side, two on the left side. The 
stimulation parameters were installed according to the patients’ reported effect on 
their tinnitus perception. These individual stimulation parameters are provided in 
Table 2. No side effects from neurostimulation treatment were reported during long-
term evaluation. 

The total THI-scores during long-term follow-up showed remarkable 
reductions in three of the four patients. The reduction of the total THI-score during 
long-term follow-up in the fourth patient was minimal because of a generally 
perceived reduction in the quality of life caused by other medical health problems 
not associated with tinnitus. The average total THI-score during long-term follow-up 
(average score 38) was remarkably reduced when compared to the total THI-score 
from the three-month follow-up (average score 55). The total THI-score for two of 
the patients was not reduced during the three-month follow-up since 
neurostimulation achieved its reduction of tinnitus severity in these patients at only 
around six months post intervention. The average total THI-scores, standard 
deviations and associated effect sizes during these three periods are noted in Table 1. 
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Using Cohen’s formula, we calculated the effect size of neurostimulation treatment 
by means of the total THI-scores before intervention and during the two periods of 
follow-up. The effect size of neurostimulation treatment during the three-month 
follow-up was 0.7, indicating an average effect; the calculated effect size during 
long-term follow-up was 1.75, indicating a substantial effect with great clinical 
implications.  

Standard and tinnitus-specific audiometric tests and click-evoked 
otoacoustic emission tests were performed during on and off-conditions of the 
neurostimulation system. General audiometric testing did not show any major 
difference between on and off-situations, either in the ipsilateral or in the 
contralateral ear. Tinnitus matching frequency remained similar during on and off-
conditions and tinnitus matching intensity only minimally decreased in two of the 
four patients (Table 1). Both frequency and intensity were determined in the 
contralateral ear. 

In none of the patients did the tinnitus disappear during the on-condition of 
the neurostimulation system. Before intervention all patients reported that their 
tinnitus consisted of a combination of several noises of aching loudness, worsening 
during periods of stress and emotion. The neurostimulation system transformed this 
intrusive combination of noises into a single, pleasantly-perceived noise. 

 
Table 1. Patient characteristics during long-term evaluation and effect size 
 
Patient tinnitus 

matching 
frequency 

tinnitus 
matching 
intensity 

total THI-score,  
before intervention and 

during follow-up 
 

age duration 
(years) 

intervention 
date 

on = off on 
(dB) 

off 
(dB) 

before 3 
months 

42.5 
months 

A.  
male 

55 2 May‘01 2 kHz 55  40  62 58 56 

B. 
female 

55 1 July ‘01 3 kHz 70  70  100 100 60 

C. 
female 

64 7 Jan ‘03 2 kHz 85  80  58 58 26 

D. 
female 
 

54      8 Oct ‘01 4 kHz 70  70  
 

88 4 10 

Average     77 55 38 
SD     20.3 39.3 24.1 
effect size    - 0.70 1.75 
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Table 2.  Individual stimulation parameters 
 
Patient Mode of 

stimulation 
Amplitude  

(volt) 
Frequency  

(Herz) 
Pulse width  

 
(msec) 

A Monopolar 0.7 50 60 
B Monopolar 0.95 120 60 
C Bipolar 0.15 60 150 
D Monopolar 2.0 60 150 

 
 
Three visual analogue scales were used, which described tinnitus severity before 
implantation, currently perceived tinnitus severity and reported treatment success. 
The recordings on the visual analogue scale are described in Table 3. The average 
score for tinnitus severity before intervention was 8.00, and 3.25 during long-term 
follow-up. The average score for reported success of neurostimulation treatment 
rated by the four patients was 7.25. If these four patients had to decide whether to 
undergo this treatment a second time, all of them would agree to participate. 
 

Table 3.  Recordings on visual analogue scale 
 

Patient tinnitus severity 
before intervention 

tinnitus severity  
long-term follow-

up 

reported success of 
neurostimulation 

treatment 
A 8 6 6* 
B 7 2 7 
C 9 2 8 
D 8 3 8 

average 8.00 3.25 7.25 
* success of neurostimulation treatment is negatively influenced by other medical 
problems not associated with tinnitus, primarily concerning vertigo and severe 
hearing loss. 
 
 

Discussion 
 
In this study, performed after an initial pilot study, the long-term results were 
evaluated for a new treatment modality for chronic tinnitus, consisting of chronic 
electrical neurostimulation of the vestibulocochlear nerve. The results of this study 
showed a successful reduction in perceived tinnitus severity in four out of the six 
patients initially treated.  



Long-term results of neurostimulation nVIIIG  
 

 
136

In none of the four evaluated patients did the tinnitus disappear (as determined 
during the off-condition of the neurostimulation system); instead it was transformed 
into another, pleasantly-perceived sound (as determined during the on-condition of 
the neurostimulation system). The effects of neurostimulation of the auditory 
pathways persisted as long as the neurostimulation system was turned on. An 
increased reduction of total THI-scores during long-term follow-up as compared to 
the total THI-scores during three-month follow-up was measured; two patients 
responded quickly to the electrical neurostimulation of the vestibulocochlear nerve, 
the other two patients reported a tinnitus reduction at about six months post 
intervention. The reported reduction of tinnitus severity could not be objectified 
using tinnitus-specific audiometric tests.  

Several theories have been proposed during the last decade in order to 
explain the generation and perception of tinnitus. Alteration of hair cell physiology 
has long been assumed to be the triggering mechanism for tinnitus induction (1;31) . 
Microvascular compression of the auditory nerve has been described as resulting in 
focal deafferentiation, leading to tinnitus generation in the central auditory system 
(32).   Many studies support the hypothesis that tinnitus is generated in the central 
parts of the auditory system and that neural plasticity plays an important role in the 
generation of tinnitus (6;31;33). The general role of neural plasticity of the CNS is 
its adaptation to altered input and to the effects induced by injury or disease. Early 
manifestations of neural plasticity observed immediately after a lesion of peripheral 
structures have been attributed to a loss of GABAergic surround inhibition and the 
unmasking of dormant, preexisting neural circuits (6;34;35).  Surround inhibition is 
concerned with a general inhibition of excitatory tonotopical receptive fields by 
GABA, and may be reduced as a result of distorted input (21;36;37). The 
consequence of reduced surround inhibition is the development of hyperexcitation 
regions in the CNS, assumed to have perceptual consequences such as tinnitus.  

The effects of neural plasticity that only occur weeks or months later are 
characterized by processes such as axonal sprouting, synaptic changes and 
reorganization in tonotopic receptive fields (6;34;38);(39). These processes may lead 
to increased hyperactivity in the auditory pathways and a spread of activity to brain 
regions that are normally not involved in hearing. The auditory pathways actually 
have adapted too much to an altered input, resulting in the generation of tinnitus.   

The effects induced by chronic, electrical neurostimulation of the 
vestibulocochlear nerve can be divided into easily obtainable effects, as seen in the 
quickly responding patients, and into more structural effects, as seen in those 
patients reported to be successfully treated after a period of six months. We 
hypothesize that the early effects of neurostimulation might be attributed to 
restoration of the early manifestations of neural plasticity, concerning a restored 
(surround) inhibition and a restored masking of dormant, preexisting neural circuits. 
In the two late-responding subjects, we hypothesize that neurostimulation was 
needed to restore the late effects of neural plasticity to a more structural basis, as 
characterized by processes such as axonal sprouting and synaptic changes (6;34;38).  
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The tonotopic organization of the cochlea is represented in several structures of the 
auditory pathway: the auditory nerve, the dorsal cochlear nucleus (DCN), the 
inferior colliculus (IC) and the auditory cortex (40;41). The functional organization 
of these tonotopical receptive fields is not statically fixed, but seems to alter and 
adapt dynamically in response to changing patterns of input, intrinsic dynamics of 
the different neuronal loop interactions (39), and manifestations of neural plasticity 
(42;43). Reduced surround inhibition, axonal sprouting and reorganization within 
tonotopical receptive fields result in hyperactivity and lateral spread of neural 
activity (21;36;37). Cortical and subcortical regions that have lost their normal 
input, take over the frequency of adjacent neuronal areas (44;45). Consequently, an 
excess of tonotopical neurons will represent a very restricted frequency area of the 
cochlea. Spontaneous and stimulated activity of these neurons will in turn activate 
more neurons at the same time. Increased synchrony of spontaneous and activated 
neural activity in the regions of these perilesion frequencies is expected to have 
perceptual consequences such as tinnitus (41;46).  

The fact that the tinnitus pitch could not be altered by electrical 
neurostimulation of the vestibulocochlear nerve might indicate that the late 
manifestations of neural plasticity induce effects in the auditory system with a 
structural basis. Neurostimulation of the auditory pathways seems unable to restore 
these structural manifestations and lesions in the tonotopic organization. Whether 
neurostimulation applied exactly to the distorted frequency area within the tonotopic 
organization will then be able to alter the tinnitus pitch is a question that will need 
further investigation. This might be achieved through suitable stimulation of the 
frequency area related to the tinnitus pitch on the auditory nerve. Nevertheless, this 
would only be possible in high frequency tinnitus, since these high frequencies are 
located in the outer boarder of the auditory nerve (32;47;48).  

Tinnitus loudness only minimally decreased in two of the patients, possibly 
indicating that the neurostimulation system slightly reduced the hyperactivity and 
synchrony of neural activity. This reduction in synchronically-neural activity might 
result in a decrease in tinnitus loudness. Why this reduction in tinnitus loudness did 
not occur in all patients needs to be investigated. 

Electrical neurostimulation of the vestibulocochlear nerve at this location in 
the auditory system is a novel approach in the treatment of chronic tinnitus. Other 
currently investigated, previously described neurostimulation approaches in the 
treatment of tinnitus differ from our approach in the location of stimulation of the 
auditory system. Electrical stimulation of the auditory system by means of 
transcutanuous or transtympanic electrodes, round window or promontory electrodes 
and cochlear implants, perform direct, electrical stimulation on the cochlea. The 
advantages of these methods of stimulation as compared to our method lie in their 
less invasive stimulation technique, and so the related risks might be less. 
Disadvantages of these stimulation methods may be cochlear damage in a still 
functional ear, reduced effectiveness of the treatment in a severely damaged or 
anatomically abnormal cochlea and the general risks associated with otologic 
surgery. 
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Our method of electrical neurostimulation is located rostral to the spiral ganglion 
and therefore stimulates the distal part of the vestibulocochlear nerve. 
Neurostimulation rostral to the spiral ganglion has also been performed by De 
Ridder et al. using an electrode positioned at the auditory cortex (11;20). The 
advantages of these two methods of neurostimulation may be their more directly-
applied stimulation of the auditory pathways, which might result in an increase in 
treatment success. They do not cause damage to the cochlea and might therefore be 
successful in still functional ears. Disadvantages may be the surgical risks such as 
haematoma, meningitis, CSF leakage and facial nerve damage.  
Both pre- and post-spiral ganglion neurostimulation attempt to restore the afferent 
input to the auditory system. Whether neurostimulation of the vestibulocochlear 
nerve achieves the same results in hearing subjects needs to be investigated. 
    

Conclusions  

Long-term follow-up of neurostimulation treatment in chronic tinnitus sufferers 
shows promising results according to this pilot study. Long-term follow-up shows 
better results than follow-up after three months; the neurostimulation system 
apparently needs some time to achieve its effects. The reported reduction of tinnitus 
severity could not be objectified using tinnitus-specific audiometric tests. In none of 
the patients did the tinnitus disappear, instead it was replaced by another, pleasantly-
perceived sound. This alteration of character explains the treatment success. The 
results of this study also proved the safety of this treatment since no long-lasting 
surgical risks or complications occurred and no side effects were noted during long-
term evaluation. Further studies with neurostimulation are needed before accepting 
neurostimulation as a new treatment modality for chronic, therapeutically refractory 
tinnitus. 
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Introduction 
 
Chronic, subjective tinnitus is generated by early and late effects of neural plasticity 
along the different structures of the auditory pathways. It can be assumed as a 
hyperactivity and hypersensitivity disorder, caused by maladaptive neural plasticity 
and reorganization of the auditory pathways. The hypothesis that tinnitus is 
generated occurs at peripheral level or at central level of the auditory pathways has 
been investigated over the last decades. Development and improvement of 
neuroimaging techniques, among which positron emission tomography (PET) and 
functional magnetic resonance imaging (fMRI), and neuromodulation techniques 
such as transcranial magnetic stimulation (TMS) have improved the ability of 
assessing tinnitus-related neural activity. Due to currently performed neuroimaging 
and neuromodulation studies, it is nowadays generally accepted that chronic, 
subjective tinnitus is generated in the central parts of the auditory pathways. Since 
the pathophysiological processes generating tinnitus are still not clarified, further 
research is essential. We may assume that the above mentioned techniques may 
increase the fundamental insights in the neural processes generating tinnitus.  

Several tinnitus studies, performed in the University Medical Center 
Groningen, the Netherlands, were aimed at quantifying tinnitus by means of 
neuroimaging techniques and at modulating tinnitus by means of TMS. Preliminary 
results of three studies of this research program will be presented in this chapter  
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8.1 Neuroimaging of the central auditory pathways by means 
of fMRI; an objective measure for tinnitus 

 
Functional MRI (fMRI) is a non-invasive method for studying brain activity, 
enabling to measure the difference in neural activity between two conditions. These 
two conditions can for example be created by means of a specific task performance. 
fMRI is based on alterations in the local oxygen-saturation in serum (BOLD: Blood 
Oxygen Level Dependent) in the task-related cerebral region. Cerebral activity 
induces changes in contrast signal measured by fMRI.  
  In a study about unilateral tinnitus subjects, Melcher  (1) previously 
described a decreased BOLD respons in tinnitus subjects when offering sound, 
indicating an altered amount of neural activity at the level of the inferior colliculus 
contralalateral to the tinnitus-side. Since fMRI measures the differences in neural 
activity between two conditions, their explanation of this difference in neural 
activity was an increased basic level of neural activity in tinnitus patients in quiet 
situations. According to this assumption, one would expect no major differences in 
neural activity between silent and noisy situations in tinnitus subjects. On the 
contrary, in normal subjects we do expect a difference in neural activity between 
silent and noisy situations, since normal subjects do not have an increased basic 
level of neural activity. Consequently, the input of sound to the auditory system 
induces a greater increase of neural activity in controls than in tinnitus subjects. This 
was measured by means of fMRI. In accordance with Melchers results, we 
hypothesized to be able to measure tinnitus-related neural activity by comparing 
unilateral chronic tinnitus subjects and non-tinnitus subjects in different sound 
conditions.  
 
Objective 
On behalf of the Tinnitus Research Group Groningen, Lanting et. al. (2) investigated 
the tinnitus-related neural activity at central levels of the auditory system of 
unilateral chronic tinnitus sufferers by means of fMRI  
We hypothesized a difference in neural activity of the auditory systems between 
unilateral tinnitus patients and controls using mono-aural broadband stimulation, and 
focused our region of interest especially at the level of the auditory cortex and 
inferior colliculus. 
  
Material and Methods 
For a detailed description of the used material and methods, we refer to the article of 
Lanting et al (2).This study examined the auditory pathways of a total amount of 22 
subjects: 10 tinnitus subjects with unilateral tinnitus and 12 control subjects without 
tinnitus. Inclusion criteria for the tinnitus subjects were: 1) healthy subjects, more 
than 18 years old, 2) unilateral tinnitus, 3) normal hearing or minor hearing loss: the 
maximum hearing deficit being 30 dB on at least three frequency measures, 4) no 
contradictions for fMRI, like metal in head or body.  
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Functional MRI was used to map cerebral perfusion associated with neural activity, 
during three different conditions of sound: the rippled sound, consisting of stimuli 
varying from 125-8000 Hz, presented at 0 dB, 40 dB and 70 dB either at the left or 
the right ear. The stimuli were presented in a cyclic randomized order.  

The fMRI scan volume concerned the auditory systems (nucleus cochlearis 
(CN), superior olive nuclei (SOC), colliculus inferior (IC), corpus geniculatum 
mediale (MG), and auditory cortices (AC)). For each subject four regions of interest 
were drawn located at the auditory cortex (AC) and the inferior colliculus (IC) at 
both right and left side. Determination of the region of interest was based on 
anatomical scans. Within the region of interest the 10% voxels that responded most 
strongly were selected and statistically investigated.  
 
Preliminary results and conclusions  
Table 1 presents an overview of the results described by Lanting et.al. (2). However, 
for detailed description of results of this study we refer to this paper.  
 
Table 1. Results fMRI study Lanting et al.  
 
 Control subjects (n=12) Tinnitus subjects (n=10) 
Auditory  Cortex (AC) - Neural response AC > IC 

- Loudness dependency* 

- Lateralization effect** 

- Neural response AC > IC 
- Loudness dependency* 
- Lateralization effect** 

Inferior  Colliculus (IC) - Neural response IC < AC 
- Loudness dependency* 
- Lateralization effect** 

- Neural response IC < AC 
- Neural response ICtinnitus > ICcontrols 

- Loudness dependency tinnitus ear* 
- Disturbed loudness dependency 
contralateral to tinnitus ear * 
- Disturbed lateralization effect ** 

* Loudness dependency: stimuli of 70 dB give a larger neural response compared to stimuli of 40 dB 
** Lateralization effect: contralateral offered stimuli give a larger neural response than ipsilateral stimuli 
 
According to the preliminary results of this study, we may conclude that there is 
increased neural activity at level of the inferior colliculi of tinnitus patients 
compared to controls, both when offering sound to the tinnitus ear as well as to the 
non-tinnitus ear. No tinnitus-related differences in neural activity were seen at the 
level of the auditory cortex. Overall, we may conclude according to our preliminary 
results and Melchers previous results, that the inferior colliculus is somehow 
involved in the tinnitus-related neural activity and that fMRI can be successfully 
used for detection of tinnitus related alterations in neural activity. The effects of 
neural plasticity, and assumably a disturbed balance in excitation and inhibition in 
particular, may explain the enhanced neural activity at the inferior colliculus of 
tinnitus subjects seen in this study.  
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8.2 PETscan imaging of the effects of neurostimulation of the 
auditory pathways in chronic tinnitus. 

 
Because of the dynamic modifiable nature of the CNS through processes of neural 
plasticity, we might expect that induced changes are reversible in case patterns of 
input are restored. According to this point of view, we developed a treatment 
modality with neurostimulation, described in Chapter 7. Long-term results of this 
pilot study with neurostimulation were all based on subjective recordings on 
questionnaires and visual analogue scales.  

In order to objectively measure the effects induced by this neurostimulation 
system, we designed a study with functional neuroimaging by means of (H2O) 
Positron Emission Tomography (PET) in these patients. PET was used as functional 
neuroimaging tool, since the neurostimulation device is a contraindication for using 
fMRI.  
 
Objective 
Determination of alterations in cerebral perfusion during neurostimulation of the 
auditory pathways by means of H2O-PET. Based on the assumption that ON and 
OFF conditions of the neurostimulation system differ in cerebal perfusion, 
neuroimaging of the modulated cerebral activity may function as an objective tool in 
measuring the effects of modifying tinnitus by neurostimulation. 
 
Material and methods 
All four patients investigated for long-term evaluation described in Chapter 7, were 
used for this study. They reported to be successfully treated with neurostimulation. 
Inclusion criteria for the H2O-PET study were: 1) healthy subjects, at least 18 years 
old, 2) subjects have signed informed consent in accordance with the provisions of 
the pertinent excerpt from the Declaration of Helsinki (October, 2000), 3) 
neurostimulating system has been implanted. Exclusion criteria of the tinnitus 
sufferers were: 1) current or previous presence of any major medical, neurological or 
psychiatric diagnosis, 2) participation in a PET study in the year prior to this study, 
3) radiological workers, 4) use of drugs, 5) pregnancy, 6) any other contraindication 
for PET, 7) use of tobacco, alcohol, coffee, tea and chocolate 24 hours before the 
scanning procedure, since brain metabolism may be influenced by these products. 
Neurostimulation of the auditory pathways was achieved using a neurostimulation 
device of which the electrode was positioned around the vestibulocochlear nerve via 
a retrosigmoid surgical approach and connected to a pulse generator by means of an 
extension cable.  

By means of H2O-PET, we determined the alterations in cerebral perfusion 
during ON and OFF situations of activity of the neurostimulator. By turning the 
neurostimulating system ON and OFF during the PET-session, control situations 
were created within the same subjects.  
During the preparation period 10 minutes before scanning, the neurostimulator was 
turned OFF. The OFF-condition was maintained during the first period of six scans 
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(scan 1-6). After this first session, the neurostimulator was turned ON during the 
second period of six scans (scan 7-12). The subtraction in neural activity between 
the two sessions was assumed as the activity related to neurostimulation. PET-data 
were analyzed with Statistical Parametric Mapping Software (SPM’99, Functional 
Imaging Laboratory, Wellcome Department of Cognitive Neurology, London, UK).  
 
Preliminary results  
Patient characteristics are presented in table 2. 
 
Table 2. patient characteristics H2O-PET study 
 

Patient tinnitus 
pitch 

tinnitus loudness 

 

Age time interval 
tinnitus onset to 

implantation 
(years) 

handedness 

on = 
off 

 

on off 

side of 
implantation 

A. 
female 

55 1 right-
handed 

3 kHz  70 dB 70 dB Left 

B.  
Male 

55 2 right-
handed 

2 kHz  55 dB 40 dB Right 

C. 
female 

54 8 right-
handed 

4 kHz  70 dB 70 dB Left 

D. 
female 

64 7 left-handed 2 kHz  85 dB 80 dB Left 

 
PET images in OFF and ON conditions of the neurostimulation system were 
compared, in which difference in cerebral perfusion during neurostimulation system 
ON minus OFF was significantly higher compared to the OFF minus ON condition. 
We hypothesize that the contrast ON-OFF primarily measures the neural activity 
induced by the neurostimulation system, whereas the contrast OFF-ON might 
visualize the tinnitus-associated neural activity. Results of both conditions (ON-OFF 
and OFF-ON) are presented in the following tables and figures. In these tables, the 4 
patients are divided into two groups according to their handedness. Subjects A,B and 
C were right-handed and results could therefore be taken together, thereby excluding 
subject D who was left-handed. Presented figures clarify the areas of neural activity 
on a three-dimensional figure of the brain (figure 1 and 3 represent areas of 
significant neural activity of subjects A, B and C together, whereas figure 2 
represents areas of significant neural activity of patient D). Reported Brodman Areas 
are defined in table 4. 
 
 
 
 
 
 



G

 

Chapter 8 .    
 
147 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: H2O-PET results subjects A+B+C, neurostimulation contrast ON-OFF 
uncorrected for multiple comparisons (p≤ 0.001) 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
Figure 2: H2O-PET results subject D,neurostimulation contrast ON-OFF. 
Uncorrected for multiple comparisons (p≤0.001) 
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Table 3: H2O-PET results contrast ON – OFF  

 Number of 
voxels  

Hemisphere Region Brodmann area 

A+B+C 992 Right - Cuneus 
- Posterior cingulate 

BA 18,19,31 

 342 Left -Superior Occipital 
gyrus 
- Precuneus 

BA 7, 19 

 114 Left - Angular gyrus BA 39 
D 276 Right - Middle and superior 

temporal gyrus 
BA 8, 9 

 219 Left - Superior frontal gyrus BA 6 
 163 Right - Precentral gyrus BA 4, 6 
 140 Right - Superior temporal 

gyrus 
BA 22 

 43 Right - Superior tempral gyrus BA 22 
 36 Right - Cuneus BA 18 
 34 Right - Cuneus BA 18 
     

 
 
Table 4: H2O-PET results contrast OFF-ON 

 
 
 
 
 
 
 

 
 

Number of Voxels  Hemisphere Region Brodmann area 

A+B+C 90 Left Superior frontal gyrus BA 6 
 67 Left Cingulate gyrus BA 24 
 25 Left Middle frontal gyrus BA 6 
D No suprathreshold clusters   
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Figure 3: H2O-PET results subjects A+B+C, neurostimulation contrast OFF-ON 
uncorrected for multiple comparisons (p≤ 0.001) 
 
Table 5: description of reported Brodman Areas (BA) 
 

(from: Co-planar stereotaxic atlas of the human brain. J. Talairach and P.Tournet, 
Thieme publishers) 
 
 

Brodmann Areas (BA): region and function  
BA 1:primary somatosensory cortex 
BA 2: primary somatosensory cortex 
BA 4: primary somatomotor area 
BA 5: contralateral connections with BA 1, 2 and 4 
BA 6: motor function extrapyramidal syndromes  
BA 7: contralateral connections BA 1, 2, 5, homolateral connections with BA 22  
BA 8; frontal oculomotor field for voluntary conjugate movements of the eyes 
BA 9: prefrontal cortex, connection to thalamus and hypothalamus 
BA 10: prefrontal cortex, connection to thalamus and hypothalamus 
BA 18: visual integration 
BA 19: tertiary visual functions, contralateral connections 
BA 22: auditory association area 
BA 24: cingulated gyrus; connections to BA 6, 8, 9, and 10 
BA 31: posterior cingulate gyrus: connected to other areas, especially Thalamus  
BA 39: associative functions, especially to BA 18, 19 and 22 
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Preliminary conclusions 
This study shows that the effects of neurostimulation of the nervus 
vestibulocochlearis on neural activity in the central nervous system can be 
objectified by means of H2O-PET. The markedly greater significant difference in 
cerebral perfusion in ON - OFF condition, compared to OFF- ON, probably 
indicates that the neurostimulation system induces much more neural activity 
compared to the neural activity associated with tinnitus. Therefore, neurostimulation 
of the central auditory pathways via electrical stimulation of the vestibulocochlear 
nerve, is able to suppress or overrule tinnitus-related neural activity. This 
consequently resulted in a reduction of perceived tinnitus, or –as described in 
Chapter 7- a transformation of the tinnitus sound. 

Several Brodman Areas showed significant increased cerebral perfusion 
when turning ON the neurostimulation system, predominantly in tertiary visual, 
primary somatosensory and auditory associative areas. Presented Brodman Areas 
differed between right- and left-handed subjects. Although presented result of left-
handedness are only based on one subject, the variety in our preliminary results 
differentiated to handedness, demonstrate that the distinction between left- and 
right-handed subjects is relevant.  

Further studies are needed in order to explain why increased neural activity 
is seen in brain regions other than the auditory system by stimulation of the most 
peripherally located part of the central auditory pathways. This might indicate that 
besides the auditory system many more cerebral areas are associated with tinnitus. 
Whether this associated activity is a result of neural activity along the extra-
lemniscal pathways, as described in Chapter 1, needs further research. 
 
8.3  Transcranial Magnetic Stimulation (TMS) in chronic 

tinnitus 
 
TMS is a noninvasive tool, primarily designed by Barker in 1985 (3), based on the 
scientific principles of electromagnetic induction (Michael Faraday , 1831). TMS is 
supposed to be a safe (4;5) technology which uses electromagnetic principles to 
induce small electrical currents in the cortex (6). The stimulation is performed by 
means of an insulated coil, held over the scalp at the region of interest. A very brief, 
high-current pulse is rapidly turned on and off and passed around an insulated coil of 
wire, inducing a rapidly changing magnetic field. The peak strength of the magnetic 
field (1.2-2 Tesla) is related to the magnitude of the current and the number of turns 
of wire in the coil (4). If amplitude, duration and direction of the electrical current 
are appropriate, they will alter the transsynaptic potential, depolarize cortical 
neurons and generate action potentials (7;8). Effectiveness of TMS depends on the 
ability of inducing plastic changes in the central nervous system, influencing 
neurotransmitters, receptors and associated second messenger systems (9). Since the 
modulations generated by TMS can have inhibitory or excitatory effects, TMS can 
interact with and even change the pattern of neural activity in the cortex. These 
effects may be projected to interconnected cortical and subcortical areas, producing 
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effects at a distance from the site of stimulation. TMS has been used increasingly as 
a tool to explore and possibly treat the mechanisms and consequences of neural 
plasticity and reorganization of the human cortex. Several investigative uses of TMS 
have been described, affecting motor, visual, and somatosensory systems, 
sensorimotor integration, cognition, emotion and tinnitus.  

Stimulation at 1Hz or less is termed slow or low frequency TMS, and 
stimulation above 1 Hz is termed high frequency or fast TMS (4;6). Pulse rates of 1 
Hz have been shown to reduce excitability; rates of 10-20 Hz facilitate excitability 
of neurons (10-12). Low frequency TMS has been proposed as an efficient method 
in treating brain hyperexcitability disorders by reducing cortical excitability, both 
locally and in functional linked cortical regions (11;13-18). Several disorders are 
related to focal hyperexcitability of the brain and low frequency TMS has been 
proposed as a possible treatment in these disorders: focal epilepsy (19), auditory 
hallucinations (20;21), task related focal dystonia (writer’s cramp) (12;22), tic 
disorder (Tourette syndrome) (23), posttraumatic stress disorder (24), major 
depression (25;26), mania (27) and tinnitus. (28-30) Low frequency TMS may thus 
be especially useful in depressing activity in neural circuits, and therefore assumably 
the hyperexcitability of the auditory pathways inducing tinnitus, as well.  
 
Objective  
Determination of modulation of unilateral tinnitus perception, when offering low 
frequency TMS at the primary auditory cortex. 
 
Material and methods 
Tinnitus subjects 
Twenty four unilateral tinnitus sufferers were investigated in this study. Inclusion 
criteria were: 1) unilateral, chronic subjective tinnitus, 2) at least 18 years old, 3) no 
contraindications for TMS. Exclusion criteria were: 1) bilateral tinnitus sufferers, 2) 
objective or pulsatile tinnitus, 3) contraindications for TMS (absolute 
contraindications: metal in head (except the mouth), intracardiac lines, increased 
intracranial pressure; relative contraindications: pregnancy, childhood, cardiac 
pacemakers, medication pumps, tricyclic antidepressant (which lowers the seizure 
threshold), neuroleptics (which lowers the seizure threshold), family history of 
epilepsy (4;5)). 
 
Determination stimulation intensity according to motor threshold 
The individual motor-threshold for thumb twitches was used as stimulation 
intensity, since the threshold for inducing a TMS-effect varies individually. 
Determination of the motor-threshold was performed by asking the patient to 
position both hands in front of the body and position the top of both thumbs on top 
of one of the fingers. A stimulation frequency of 1 Hz was used during this 
procedure. The intensity of the TMS apparatus was initially placed at 60%.The 
location on the motor cortex for achieving thumb-twitches was determined on the 
contralateral hemisphere by a crossing line drawn two cm from the cross point of 
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two other lines; 1) the first line from the top of the tragus of the ear to cranial 
position and 2) the second line from the pupil to cranial position. The minimal 
intensity for achieving thumb-twitches is usually about 50-60% on the TMS-
apparatus. TMS for chronic tinnitus was performed at 80% of this motor-threshold. 
 
Modulation of the auditory cortex by means of TMS 
A figure of eight coil was used, with the centre of the coil positioned at the primary 
auditory cortex. The auditory cortex was determined at a location of 5 cm above the 
ear, contralateral to the tinnitus site. The stimulation frequency  was 1 Hz. A sham 
situation was created within the same subject by turning the coil on its side. A total 
amount of 1200 stimuli was applied to the auditory cortex. Since a frequency of 1 
Hz was used, this whole procedure lasted 1200 seconds per session; 20 minutes for 
TMS and 20 minutes for sham stimulation.  
 
Effect measures for TMS 
The effect measure for modulation of tinnitus perception induced by TMS were 
rankings on a visual analogue scale (0-10) for tinnitus severity before TMS, direct 
after TMS, 30 minutes, 1, 2 and 3 hours after the TMS-session.   
 
Preliminary results  
Twenty-four subjects were assessed; 18 males and 6 females with an average age of 
52 years (range 37-69 years). Eight subjects perceived tinnitus right-sided, and 16 
subjects left-sided. All subjects received TMS and sham stimulation on the same 
day, using the individually determined motor-thresholds and stimulation location on 
the head. The average motor-threshold was 57.6 (range 45-70; with 12 subjects 
having a motor threshold of 55), of which 80% was used for tinnitus-threshold.  

In 10 subjects no effect was experienced both during TMS and sham 
stimulation, 8 subjects experienced a minor effect on their tinnitus, both during TMS 
and sham stimulation, and 5 subjects experienced some effect during TMS 
stimulation, but not during sham stimulation. One of the subjects only experienced 
effects during sham stimulation and not TMS. These results are presented in table 6. 

 
Table 6. results of TMS versus sham on tinnitus modulation 
 

Number of subjects effect TMS effect Sham 
10 No No 
8 Yes Yes 
5 Yes No 
1 No Yes 

 
 
Since we were predominantly interested in the group of 5 subjects experiencing 
effect from TMS and not from sham stimulation, we analyzed the results of these 5 
subjects in detail. The achieved TMS-effects differed between the subjects of this 
group. Two subjects experienced a minor reduction of perceived tinnitus severity, 
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reporting only one point reduction on the visual analogue scale. Three subjects 
reported a tinnitus reduction of 2 points or more. Three subjects experienced a 
transient effect of tinnitus reduction during a three-hour period after stimulation with 
a return of tinnitus strength after 2-3 hours after stimulation. Two subjects 
experienced a tinnitus reduction initiating 30 - 60 minutes after finishing TMS and 
lasting longer than the 3-hour follow-up.   

The following figure present the results on reported VAS-score of the five 
subjects experiencing some effect on their tinnitus perception by TMS, and not by 
sham stimulation. 
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Figure 4. Reported tinnitus severity (VAS score) before and after TMS 

Preliminary conclusions  
This pilot study showed that the neuromodulating effects of TMS were able to 
induce transient alterations in the tinnitus perception in 5 of the 24 tested subjects. 
The results of this study are preliminary because of the limitations and inter-
individual variability in stimulation parameters, tinnitus characteristics and 
anatomical differences. The measured results are therefore difficult to interpret and 
compare within the group of tested subjects.  

The major limitation of this study is the unknown exact location of tinnitus 
generation along the auditory pathways. In accordance with the variety of tinnitus 
characteristics, we may assume that the tinnitus location varies between the tested 
subjects. Since tinnitus may be generated at any level of the auditory pathways, 
TMS might probably not even be able to reach tinnitus-related neural activity. And 
if tinnitus-related neural activity is located cortically, we still do not know the exact 
location of neural hyperactivity. For example, stimulation at the region 4 or 6 cm 
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cranial to the ear might have achieved different effects than the used 5 cm in our 
study, and even a stimulation 3 mm leftwards or rightwards might have achieved 
different effects on tinnitus.  

Besides the location of the coil, the depth of penetration of electrical 
currents is another limitation in the effects of TMS on tinnitus perception. The dept 
of penetration depends on anatomical factors, coil size, coil geometry and intensity 
of the applied stimulus (8). The TMS-coils currently used, develop about 1.2-2 Tesla 
strength and are assumed to be able to activate cortical neurons at a depth of 1.5-2 
cm beneath the scalp (31-35). Therefore, TMS appears to penetrate no deeper than 
the cortex, but it may affect functionally connected areas transsynaptically. The 
dynamical interactions between the interneural network of the brain play an 
important role in effects achieved with TMS, but we do not know to what extent and 
strength these effects penetrate. Neuroimaging during TMS-sessions might be 
helpful in identifying the location of tinnitus generation and TMS-induced 
neuromodulation in the brain. This might objectify and therefore improve TMS 
studies, create opportunities for comparisons between subjects, enabling us to 
objectively measure the effects of TMS on neural activity. 

Besides differences in tinnitus location, inter-individual variability is 
determined by differences in anatomical areas, skull-base relation and baseline 
physiology (21). Genetic background and differences in behavioral state, like the 
level of arousal, attention and fatigue, are important factors as well (11;36). These 
factors are determined by the biological differences between individuals, also 
depending on age. The time of study performance may be another factor in 
variability, since time depending variations in level of arousal, circulating hormones 
and other factors influencing neural function may influence cortical excitability (36).  

Another limitation to this study is the difference in ancillary effects induced 
by TMS and sham. A valid sham should actually stimulate the ancillary aspects of 
TMS (37), like stimulating scalp muscles and producing an acoustic artifact. It’s 
difficult to find appropriate placebo controls in TMS studies in general, since the 
ancillary effects induced by TMS are not completely similar to the effects during 
sham conditions. Due to a possible placebo effect, our results need to be taken with 
caution.  
 
8.4 General discussion and conclusions  
 
This chapter presents preliminary results of three studies with neuroimaging (fMRI 
and PET) and neuromodulation (TMS). By means of these techniques, we were able 
to objectify and modulate chronic, subjective tinnitus to some extent. Results of 
these studies showed tinnitus-related neural activity in a variety of areas in the 
central nervous system. The first study demonstrated tinnitus-related neural activity 
in normal-hearing, unilateral tinnitus sufferers at the level of both inferior colliculi 
by means of fMRI. In the second study the effects on cerebral perfusion induced by 
neurostimulation of the vestibulocochlear nerve, were visualized by means of PET. 
This study demonstrated a significantly increased neural activity in several brain 
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areas other than the auditory system. Although these PET-images predominantly 
concern the effects induced by the neurostimulation system, the results of this study 
indicate that tinnitus-related neural activity probably concerns more neural circuits 
than the auditory system alone. Whether neurostimulation along the extralemniscal 
pathways is able to generate neural activity in all these cerebral areas, or that 
neurostimulation is transduced via unknown pathways, needs further investigation. 
In the third study we described a transient tinnitus-reducing effect in 5 of the 24 
investigated unilateral tinnitus subjects by means of TMS located at the auditory 
cortex. Although major limitations can be contributed to this pilot study, TMS seems 
an interesting tool for modulating and possibly even diagnosing tinnitus location.  

Neuroimaging techniques are sensitive for haemodynamic changes in the 
central nervous system and detect differences in cerebral perfusion (a correlate of 
neural activity) between two conditions rather than the absolute levels of neural 
activity (1;38). Therefore, tinnitus patients who are able to modulate their tinnitus 
have proved to be particularly useful for neuroimaging studies. Since a distinction in 
neural activity can be measured during tinnitus sensation and during tinnitus 
suppression, tinnitus-related neural activity can be determined. Tinnitus patients 
who are suitable for measuring this distinction in neural activity, can generally be 
divided into three subgroups. 1) Patients with unilateral or lateralized tinnitus as 
presented in the first study of this chapter and Melchers study (1). 2) Patients who 
are able to modulate their tinnitus sensation by a voluntary act (39-44). The 
modulation of tinnitus by voluntary act can be explained by cross-modal plasticity 
along the non-classical pathway, as described in Chapter 1. Since on and off 
situations of tinnitus perception can be created in these patients, these patients may 
function as their own control group. 3) Patients whose tinnitus can be modulated via 
TMS, electrodes positioned at the auditory cortex (28;45) or around the 
vestibulocochlear nerve, as presented in the second study of this chapter.  

If TMS is able to modulate the tinnitus perception, it may also function as a 
diagnostic tool for determination of the origin of the tinnitus in central parts of the 
auditory system. By stimulating that part of the brain responsible for tinnitus, TMS 
may alter the tinnitus-related neural activity and can therefore modulate the 
character or loudness of the perceived tinnitus. This was the hypothesis of the third 
study of this chapter. By means of simultaneously performed neuroimaging during 
TMS, we may be able to objectify the neuromodulating capacity of TMS.  
 In conclusion we may estimate that neuroimaging and neuromodulation 
techniques enable us to measure tinnitus-related neural activity in the central 
nervous system. The preliminary results of the three studies presented in this chapter 
underline the increasing value of these techniques in diagnostic processes of chronic, 
subjective tinnitus. If neuroimaging and neuromodulation techniques improve, 
tinnitus assessments as presented in this chapter may even become part of the 
clinical evaluation protocol of chronic, subjective tinnitus sufferers in future studies. 
These techniques definitely increase the fundamental insight into tinnitus 
pathophysiology, diagnosis and treatment.  
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Introduction 
 
This thesis describes new insights into pathophysiology, diagnosis and treatment of 
chronic, subjective tinnitus. In this final chapter general conclusions concerning the 
main objectives of this thesis are formulated. Implications for further research and 
clinical practice are described. 
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General conclusions 
 
The results of the seven chapters have provided answers concerning the main 
objectives of this thesis as stated in the introduction paragraph. These objectives 
concern new insights into tinnitus pathophysiology, diagnosis and treatment. 
 
Objective 1.  Pathophysiology 
The first objective was the evaluation of current ideas about the manifestations of 
neural plasticity in generating tinnitus in order to improve our knowledge about 
tinnitus pathophysiology. The tonotopically organized receptive fields of the 
auditory pathways can be dynamically modified because of early and late-onset 
neural plastic processes, in order to adapt to altering afferent input and compensate 
for the effects induced by injury or diseases at peripheral level. Unmasking of 
dormant synapses, reduced (surround) inhibition and initiated creation of new 
connections through axonal sprouting are early manifestations of neural plasticity. 
Extended axonal sprouting and reorganization of tonotopic receptive fields are late 
effects of neural plasticity. Our hypothesis is that maladaptive neural plasticity and 
reorganization of the auditory pathways lead to hyperactivity and hypersensitivity of 
the central auditory pathways, with the perception of tinnitus as a consequence.  

Neuroimaging techniques, like PET and fMRI, demonstrated to enable us to 
visualize tinnitus-related neural activity in the central nervous system. By 
objectifying tinnitus-related neural activity, neuroimaging techniques improve our 
knowledge about tinnitus pathophysiology. 
 
 
Objective 2. Diagnosis 
The second objective was the development of a clinical, multidisciplinary approach 
in diagnosing tinnitus. Guidelines for clinical evaluation consist of a 
multidisciplinary, individually applicable, set of assessment tools for chronic 
subjective tinnitus patients visiting an outpatient clinic. Some parts of the protocol 
are indicated in clinical evaluation of every patient, other parts are recommended to 
be performed only on indication. Besides interview, physical and otological 
examinations, audiological evaluation, laboratory and radiological assessments, our 
results underline the role of questionnaire assessments in the clinical evaluation of 
chronic, subjective tinnitus. Advantage of the suggested set of questionnaires is the 
individual applicability of each questionnaire by means of presented cut-off scores. 
The proposed questionnaires assess personality traits, psychological distress and 
tinnitus severity. According to our results from questionnaire evaluation we have 
formulated the following recommendations for investigating personality 
characteristics and psychological distress associated with tinnitus: 

- Type D personality turned out to be strongly associated with having 
tinnitus, with a substantial greater impact than previously investigated 
personality traits neuroticism, extraversion and social inhibition. In addition 
to this, type D directly influences mental and physical health-related quality 
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of life and tinnitus severity. Even more important is the mediating role of 
type D personality on the implications of psychological distress on 
impairing health-related quality of life and increasing tinnitus severity. 

- For its substantial role on impairing health-related quality of life and 
enhancing tinnitus severity, we recommend investigating vital exhaustion 
as indicator of psychological distress besides anxiety and depression.  

- The additive, and sometimes synergistic, effect of anxiety and depression 
underlines the assessment of both indicators of psychological distress in the 
clinical evaluation of tinnitus.   

The multidisciplinary character of the protocol enables the clinician to identify the 
etiological problems related to the onset of tinnitus, to differentiate between 
different forms of tinnitus, and to describe medical, audiological and psychological 
tinnitus characteristics. 
 
Objective 3. Treatment  
The third objective of this thesis was the evaluation of innovative techniques for 
tinnitus modulation via chronic electrical stimulation of the vestibulocochlear nerve 
and transcranial magnetic stimulation.  Neuromodulation via electrical stimulation 
of the vestibulocochlear nerve shows to be able to alter the tinnitus perception 
successfully. Restoring the afferent input in unilaterally deaf subjects by means of 
continuously, electrical stimulation of the most peripherally located part of the 
auditory pathways, is presumably able to manipulate the effects of neural plasticity 
responsible for tinnitus.  

The inhibiting effect of low frequency TMS located at the auditory cortex, 
turns out to transiently modulate tinnitus in a few tinnitus subjects. Therefore, TMS 
seems to be capable of diagnosing tinnitus location. Nevertheless, major limitations 
currently contributed to TMS (no consensus about stimulation parameters, inter 
individual variety, depth of penetration and site of stimulation) need to be improved 
before successfully applying TMS as a possible treatment modality.   
 
 
General discussion and future perspectives  
 
Pathophysiology 
The pathophysiological processes associated with tinnitus are only partly 
understood, mainly caused by the subjective character of tinnitus. A review of 
literature about tinnitus and related manifestations of neural plasticity in other 
disorders (mainly chronic phantom pain) was used as basis for answering the first 
objective of this thesis. The increasing role of neuroimaging and animal studies have 
increased the fundamental insight into tinnitus pathophysiology. Consequently, it is 
nowadays generally accepted that chronic subjective tinnitus is generated along the 
auditory pathways, somewhere from cochlea up to auditory cortex,  as a result of 
early and late effects of neural plasticity.  
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Although scientific research markedly increased the fundamental insight into 
tinnitus pathophysiology up to now, many questions remain unsolved. Why are 
some individuals affected with tinnitus and others with comparable etiology aren’t? 
For what reason does tinnitus consist of taxonomy of (non-meaningful) sounds 
without inter individual uniformity? Is there a difference in pathophysiological 
mechanisms between chronic, subjective tinnitus with an acute or gradual onset? 
Are all manifestations of neural plasticity finally reversible if the disturbed pattern 
of input is completely restored? Which areas of the central nervous system are 
mainly responsible for the generation of tinnitus and are these areas inter 
individually comparable? Is tinnitus really generated via the nonlemniscal system 
and does that really explain some tinnitus subjects to be able to modulate their 
tinnitus perception by stimulating visual or somatosensory systems?  

Overall, we can estimate that, in order to improve our knowledge about 
tinnitus pathophysiology, more scientific research is essential. This scientific 
research can be based on the following developments;  
a) increasing role of neuroimaging techniques, like fMRI and PET  
b) development of tinnitus animal models, based on tinnitus-inducing mechanisms 
like noise-trauma or pharmaceutical manipulations  
c) scientific research performed on other manifestations of hyperexcitability of the 
central nervous system, diseases or symptoms in analogy with tinnitus 
 
a)  The increasing role of neuroimaging techniques (like fMRI and PET) in 
objectifying tinnitus-related neural activity was described in Chapter 8 of the thesis. 
Preliminary results of these studies showed tinnitus-related neural activity in a 
variety of areas in the central nervous system. By means of fMRI, tinnitus-related 
neural activity in normal-hearing, unilateral tinnitus patients was demonstrated at the 
level of both inferior colliculi. PET was used for visualizing the effects on cerebral 
perfusion when comparing ON and OFF conditions of electrical neurostimulation of 
the vestibulocochlear nerve via an implanted device (Chapter 7). Although these 
PET-images predominantly concern the effects induced by the neurostimulation 
system (ON minus OFF), the results of this study demonstrate that tinnitus-related 
neural activity probably concerns more neural circuits than the auditory system 
alone.  

Unfortunately, current quality of neuroimaging devices is not sufficient to 
visualize tinnitus-related neural activity images in detail. Tinnitus-related neural 
activity can nowadays only be visualized by the subtraction of cerebral perfusion of 
two conditions. Therefore, tinnitus subjects who are able to modulate their tinnitus, 
thereby creating two conditions of neural activity, have already proved to be 
particularly useful for these studies.  

The first group of patients suitable for neuroimaging studies are patients 
with unilateral or lateralized tinnitus as presented in the fMRI study of Chapter 8 
and Melchers study (2). Since the results of our study were contradictious to 
Melchers results, further investigation of unilateral tinnitus subjects is indicated. In 
order to improve future research, investigating more uniform patient groups with 
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comparable tinnitus characteristics might be indicated. These tinnitus characteristics 
can be grouped according to tinnitus location, acute versus gradual onset, tonal 
versus noise-like tinnitus, and continuous versus intermittent tinnitus. A difference 
in pathophysiological mechanisms can be responsible for this variety in tinnitus 
characteristics, possibly identifiable with improved neuroimaging devices.   

The second group useful for neuroimaging studies are those patients who 
are able to modulate their tinnitus sensation by a voluntary act, already described in 
several studies (3-8). The modulation of tinnitus by voluntary act can presumably be 
explained by cross-modal plasticity along the non-classical pathway (as described in 
Chapter 1). Since on and off situations of tinnitus perception can be created in these 
patients, they can function as their own control group. Unfortunately, since the 
ability of modulating tinnitus is present in a few patients, previously performed 
studies only concern a small number of patients. The use of uniform scanning 
procedures and evaluation techniques, creates opportunities for addition of tested 
results determined in various clinics. Consequently, larger patient numbers can be 
generated and more fundamental conclusions can be drawn. 

The third group of patients suitable for neuroimaging studies, are those by 
whom tinnitus can be modulated, for example via electrodes positioned at the 
auditory cortex (9;10) or around the vestibulocochlear nerve (Chapter 7). According 
to this point of view we have developed a PET study described in Chapter 8. 
Besides visualizing tinnitus-related neural activity, neuroimaging techniques can 
objectify the effects induced by neuromodulation. In contrast to implanted devices, 
neuromodulation can noninvasively be achieved by means of transcranial magnetic 
stimulation (TMS). Especially the combination of neuroimaging during TMS can be 
useful for determining tinnitus-related neural activity. Therefore, more precise 
positioning of the TMS-coil can be achieved.  

These three groups of patients will still be of great value in future tinnitus 
neuroimaging research, especially as long as neuroimaging techniques need two 
conditions of neural activity for visualizing tinnitus-related neural activity. 
Whenever neuroimaging techniques improve and a straight comparison between two 
conditions is no longer needed, other tinnitus subjects may be of value in these 
studies, as well. Consequently, the value of neuroimaging techniques in tinnitus 
research will markedly increase and they might even become keystones in future 
diagnosing of tinnitus location.     
 
b)  During the last decades, physiological and behavioral animal models of 
tinnitus have been developed that have significantly increased our understanding 
about pathophysiological processes associated with the risk of getting tinnitus. 
Previously performed animal studies have described the dorsal cochlear nucleus and 
inferior colliculus as important sites for the generation and modulation of tinnitus-
producing signals. Intense tone exposure and pharmacologically decreased GABA-
mediated inhibition created increased spontaneous activity in both neural structures 
in several species (11-20). Animal models are currently used for development of 
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new therapies by means of administration of drugs and application of electrical 
modulation (21-25) 

The main constraint of the use of animal models is the subjective character 
of tinnitus. Although we assume to be able to induce and measure tinnitus in 
animals, objectification of induced mechanisms remains a problem; conclusions 
about the effect on tinnitus are drawn from behavioral alterations or 
neurophysiological measurements. Nevertheless, the use of animal models in 
tinnitus research has two major advantages compared to using human models 
instead. These advantages determine their great value in tinnitus research. First, 
single tinnitus inducing mechanisms can be investigated, like noise trauma or 
medication-induced tinnitus. In humans often more than one mechanism seems 
frequently responsible for tinnitus generation, creating difficulties in studying 
tinnitus mechanisms. Second, repeated application of noise-trauma or 
pharmaceuticals and implantation of neuromodulation devices may cause definitive 
harm in humans, which also justifies the use of animal models.  
 
c)  Many similarities have been described between the pathophysiological 
processes of tinnitus and other hyperexcitability manifestations like neuropathic 
pain, muscle spasm, phantom pain, phonophobia and hyperpathia (26). In 
accordance to tinnitus, phantom limb sensations and phantom pain are believed to be 
generated in the central nervous system,since neural activity causes symptoms that 
do not originate from the peripheral location at which the symptoms are perceived 
(27). Currently developed scientific research programs about diagnosing and treating 
other hyperexcitability disorders can improve our knowledge about 
pathophysiological tinnitus mechanisms. Development of new treatment modalities 
based on analogy with these disorders, will be described in the section ‘treatment’.  
 
Diagnosis 
Because of its high prevalence and frequent major implications on perceived quality 
of life and daily functioning, tinnitus can nowadays be assumed as a major problem. 
In a wealthy and economically growing society, the implications and limitations 
associated with a chronic condition like tinnitus are not generally accepted and 
understood. This may cause major impairments for tinnitus sufferers, who frequently 
end up in a vicious circle with tinnitus, its associated complaints, psychological 
distress and impairment of quality of life. Early diagnosing of tinnitus-associated 
psychological, personality and cognitive-behavioral problems seems essential. 
Unfortunately, several medical centers use different collections of assessments and 
questionnaires. Clearly defined comparisons between the different tinnitus 
populations of the different medical clinics are therefore impossible. Variety of 
scientific purposes of research and the lack of uniform tinnitus severity 
questionnaire are possible explanations for this diversity in diagnostic approaches.  

The proposed guidelines for clinical evaluation of chronic, subjective 
tinnitus turned out to be capable of multidisciplinary evaluating an individual 
tinnitus patient at the outpatient clinic (chapter 3). For scientific purposes, the 
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proposed protocol can be extended with other assessments. In our institution the 
clinical evaluation protocol is currently extended with studies, investigating residual 
inhibition, phase out syndrome and tinnitus spectrum tests . By means of the clinical 
evaluation protocol, specific patient groups can be selected for scientific purposes; 
e.g. those patients who are able to modulate their tinnitus can be used in 
neuroimaging studies (tinnitus modulated by movements of head and neck) and 
bilateral tinnitus subjects analyzed by means of PET.  
 
Treatment 
Specialized multidisciplinary care and extension of psychological and cognitive 
behavioral treatment programs are essential in understanding and controlling tinnitus 
and its associated complaints. They are needed in order to prevent tinnitus not 
becoming a major problem in our rapidly growing, demanding society. Treatment of 
subjective tinnitus needs a multidisciplinary approach, in which audiology, 
psychology and medicine contribute. A majority of tinnitus sufferers can be helped 
by means of this multidisciplinary approach, based on counseling and controllability 
of the tinnitus, more or less in combination with hearing aids or masking devices.  

We previously mentioned the analogy between tinnitus and other 
hyperexcitability disorders, all consequences of neural plasticity. Previously 
developed treatment modalities for other hyperexcitability disorders can create 
opportunities for development of new treatment modalities for tinnitus. 
Neuromodulation devices have already been used to treat various chronic pain 
syndromes, shown to be intractable to other treatment modalities. Moreover, 
neurostimulation has been performed in neural structures in- and outside the central 
nervous system, and encompasses various techniques like Transcutaneous Electrical 
Nerve Stimulation (TENS), Peripheral Nerve Stimulation, Spinal Cord Stimulation, 
Deep Brain Stimulation and cortical stimulation (28-31). Spinal Cord Stimulation is 
described to be effective in the treatment of neuropathic pain syndromes like reflex 
sympathetic dystrophy, peripheral nerve injury, post-amputation pain, spinal cord 
lesions, and ischemic pain syndromes as seen in angina pectoris and peripheral 
vascular disease (32;33).  

Based on the analogy between tinnitus and other hyperexcitability 
disorders, new treatment modalities for tinnitus have been developed, also described 
in this thesis. First, neuromodulation of the central auditory pathways via continuous 
electrical stimulation of the vestibulocochlear nerve (Chapter 7), was based on 
scientific principles of spinal cord stimulation for chronic pain (34). Long-term 
evaluation of this treatment showed promising results. Treatment success was 
determined by means of calculating effect sizes, according to Cohen effect size ‘d’ 
(1), and recordings on visual analogue scales. The reported reduction of tinnitus 
severity could not be objectified using tinnitus-specific audiometric tests. Since 
tinnitus did not disappear in any of the subjects, the replacement of tinnitus into 
another, pleasantly-perceived sound explained the treatment success. The results of 
this study also proved the safety of this treatment since no long-lasting surgical risks 
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or complications occurred and no side effects were noted during long-term 
evaluation.  

Second, TMS (Chapter 8) is currently widely used in several 
hypersensitivity or hyperactivity disorders, such as chronic pain, schizophrenia, 
mania, depression, and movement disorders. Site and depth of stimulation and inter-
individual variability are limitations of TMS. A disadvantage of neuromodulation by 
means of TMS is its transient effect on tinnitus-related neural activity. For more 
permanent implications on tinnitus perception, more or less continuous 
neuromodulation of the central nervous system is needed. Continuous 
neuromodulation can predominantly be achieved by means of implanted devices. 
Neuromodulation via stimulation of the nervus vestibulocochlearis (Chapter 7) is 
one option, cochlear implants (35-37) or epidural /cortical devices (9;10) are 
currently investigated interventions with great potentials.  

Overall, we can conclude that current treatment options and lifestyle 
adjustment can  reduce tinnitus to a controllable level in the majority of tinnitus 
sufferers. However, most frequently tinnitus cannot be completely eradicated and 
still induces reduced quality of life in almost every subject. Therefore, and 
especially for those who suffer severely in particular, new medical treatment 
modalities need to be developed. Besides expanding psychological and cognitive-
behavioral therapies and development of new audiological and masking devices, 
new treatment modalities need to be directed at neuromodulation of the neural 
plastic brain. 
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Summary 
 
This thesis concerns new insights into pathophysiology, diagnosis and treatment of 
chronic, subjective tinnitus. 
 
Introduction classifies tinnitus according to its characteristics, aetiology and 
severity. Tinnitus characteristics can be defined as acute versus chronic tinnitus, 
unilateral versus bilateral versus cranial tinnitus and, subjective versus objective 
tinnitus versus auditory hallucinations. Tinnitus aetiology differentiates subjective 
and objective tinnitus, and distinguishes aetiology of chronic, subjective tinnitus into 
otological, neurotological, metabolic, iatrogenic and other causes. The concept of 
‘Tinnitus severity’ has frequently been used as classification, assessed by means of 
questionnaires or scales according to tinnitus interference with everyday life. No 
standardized classification is frequently applied. By means of these classifications, 
we have created the ‘Groningen Definition of Chronic, Subjective Tinnitus’. Patients 
as described in the different chapters of this thesis, all meet this definition.  
 
Chapter 1 ‘Tinnitus and neural plasticity of the brain’, describes an overview of 
current ideas about the manifestations of neural plasticity in generating tinnitus. Any 
altered afferent input to the auditory pathway can be seen as the initiator of a 
complex sequence of events that can result in the generation of tinnitus at the central 
level of the auditory nervous system. This chapter generally divides the effects of 
neural plasticity into early modifications and modifications with a later onset. The 
unmasking of dormant synapses, diminishing of (surround) inhibition and initiation 
the generation of new connections through axonal sprouting are early manifestations 
of neural plasticity, resulting in lateral spread of neural activity and development of 
hyperexcitability regions in the CNS. The remodeling process of tonotopic receptive 
fields within auditory pathway structures (dorsal cochlear nucleus, inferior colliculus 
and the auditory cortex) are late manifestations of neural plasticity. Involvement of 
the nonclassical (or nonlemniscal) pathway in generating of tinnitus is assumed in 
those tinnitus sufferers who are able to modulate tinnitus by stimulating 
somatosensory or visual systems. The similarities between the pathophysiological 
processes of phantom pain sensations and tinnitus have increased the fundamental 
insight in tinnitus pathophysiology and therefore stimulate the assumption that 
chronic tinnitus is an auditory phantom perception. 
 

Chapter 2 ‘Clinical evaluation of chronic, subjective tinnitus’ presents a diagnostic 
approach primarily designed for tinnitus patients suffering from chronic, subjective 
tinnitus. The presented manuscript comprises guidelines for patient interview, 
otological and general physical examinations, audiological assessments, 
questionnaire evaluation of tinnitus-related impact on quality of life, psychological 
distress and personality characteristics, additional radiological and laboratory 
assessments. The presented guidelines are useful for identifying the etiology related 
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to the onset of tinnitus, for classification of the different forms of tinnitus, for 
evaluating medical and audiological tinnitus characteristics, and for identifying 
personality traits and psychological distress associated with tinnitus. The selected 
assessments are individually applicable and can therefore be applied for evaluating 
tinnitus patients visiting the outpatient clinic. 
 
Chapter 3 ‘Results of clinical evaluation of 105, and questionnaire evaluation of 
265 help-seeking, chronic, subjective tinnitus sufferers’ demonstrates the usefulness 
of the guidelines for ‘Clinical evaluation of chronic, subjective tinnitus’, as proposed 
in Chapter 2. Presented guidelines for interview, otological and general physical 
examinations, audiological assessments and questionnaire selection turn out to be 
useful in an outpatient setting. The proposed combination of different validated 
questionnaires that are individually applicable is never previously described. 
However, our results demonstrate their great value for completely defining tinnitus 
severity, psychological distress and personality traits in individual tinnitus subjects. 
Presented results on laboratory and radiological assessments have made us to decide 
to perform these investigations only on indication in the final guidelines presented in 
Chapter 2. The outcomes of the clinical evaluation protocol may support the 
clinician in selecting specific treatment options, generally divided into medical, 
audiological and psychological therapy. 
 
Chapter 4 ‘The distressed (Type D) personality is independently associated with 
tinnitus adjusted for other personality characteristics: a case-control study’, 
describes tinnitus patients to have a statistically significant and clinically relevant 
higher tendency towards neuroticism, negative affectivity and social inhibition, and 
a lower tendency towards extraversion and emotional stability, compared to a 
control group of ENT-patients without tinnitus. This is the first study that describes 
the role of a Type D personality construct in a large sample of tinnitus versus control 
subjects. Type D (distressed) personality consists of two subscales ‘negative 
affectivity’ and ‘social inhibition’, in which presence of both personality traits 
indicates the Type D personality.  
Adult chronic tinnitus sufferers (n = 265) and ENT patients without tinnitus (n = 
265) participate in this cross-sectional study. Personality characteristics are 
evaluated using the DS14 (type-D personality) questionnaire, neuroticism and 
extraversion subscales of the revised Eysenck Personality Questionnaire, and the 
emotional stability subscale of the Five-Factor Personality Inventory. Confirmative 
factor analysis is used to test the validity of the type-D construct in our population. 
The hypothesized model shows a good fit to the data. In multivariate analysis, 
neuroticism, reduced extraversion and reduced emotional stability turn out all to be 
associated with tinnitus. However, the prediction level of the model improves 
statistically significant after addition of type-D personality to the single traits. This 
may indicate that the investigated personality characteristics, and type-D personality 
in particular, are all associated with having tinnitus and presumably contribute to its 
perceived severity. 
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Chapter 5 ‘The impact of Type D personality on health-related quality of life and 
disease severity in chronic tinnitus patients is mediated by psychological distress’ 
introduces vital exhaustion, besides anxiety and depression, as predictor of generic 
and tinnitus-specific health-related quality of life (HRQoL). Besides determination 
of the predicting role of vital exhaustion, anxiety and depression on generic (mental 
and physical) HRQoL and tinnitus severity, the influence of having a Type D 
personality on psychological distress and HRQoL is evaluated. A tinnitus group, 
consisting of 265 chronic, subjective tinnitus subjects, was divided into Type D (n = 
94) and non-Type D (n = 171) tinnitus patients. Type D tinnitus patients experienced 
more psychological distress and poorer HRQoL than non-Type D tinnitus patients. 
Anxiety, depression and vital exhaustion were direct predictors of all measures of 
HRQoL and disease severity in the tinnitus population. Although Type D was a 
direct predictor of mental and physical HRQoL and tinnitus severity, the impact of 
Type D on HRQoL and tinnitus severity was mainly mediated via anxiety and 
depression. Our results underline that to minimize the influence of tinnitus on 
HRQoL and disease-severity, treatment should be directed at reducing anxiety and 
depression, especially in those patients with a Type D personality.  
 
Chapter 6 ‘The additive effect of co-occurring anxiety and depression on health 
status, quality of life, and coping strategies in help-seeking tinnitus sufferers’ 
describes the synergistic role of anxiety and depression on generic and tinnitus-
specific HRQoL and coping mechanisms. Four psychological symptom groups are 
created according to cut-off scores belonging to the anxiety and depression 
subscales of the HADS: (i) no symptoms of anxiety or depression, (ii) anxiety alone, 
(iii) depression alone and, (iv) co-occurring anxiety and depression. 
This study demonstrates the additional effect of anxiety and depression in impairing 
generic and tinnitus-specific HRQoL and application of coping strategies. These 
results underline the need for early investigating and treating both anxiety and 
depression in tinnitus patients in order to reduce their implications on HRQoL and 
applied coping strategies.  
 
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 (Holm et al, 2005) with a neurostimulation system, consisting of a 
stimulation lead, connected to an external pulse generator via an extension cable. 
This treatment modality was developed in analogy with chronic (phantom) pain, 
according to the point of view that tinnitus might be reversible if the distorted 
patterns of input are restored. Inclusion criteria were severe, chronic, therapeutically 
refractory, unilateral tinnitus and severe hearing loss at the ipsilateral site. Follow-up 
is performed three months and 42.5 months after implantation. Three measures for 
treatment outcome are used. First, effect sizes are determined by means of the total 
THI-score using Cohen’s formula. Second, general and tinnitus-specific audiometric 
tests are performed in on- and off-conditions of the neurostimulation system. Third, 
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recordings are noted for tinnitus severity and treatment success on a visual analogue 
scale. Results demonstrate all four patients to be successful treated with 
neurostimulation. Long-term follow-up of neurostimulation treatment for chronic 
tinnitus are better than those determined after a three-month follow-up. In none of 
the patients the tinnitus is disappeared, but is replaced by another, pleasantly-
perceived sound. Although this study shows promising results, further studies are 
needed before accepting neurostimulation as a possible treatment modality for 
chronic, therapeutically refractory tinnitus. 
 
Chapter 8 ‘Quantifying and modulating tinnitus using neuroimaging techniques and 
Transcranial Magnetic Stimulation (TMS)’, presents preliminary results of three 
studies with neuroimaging techniques (fMRI and PET) and transcranial magnetic 
stimulation (TMS). By means of these techniques, we are able to objectify and 
modulate chronic, subjective tinnitus to some extent Results demonstrate tinnitus-
related neural activity in a variety of areas in the central nervous system. The first 
study describes tinnitus-related neural activity in normal-hearing, unilateral tinnitus 
sufferers at the level of both inferior colliculi by means of fMRI. In the second study 
the effects on cerebral perfusion induced by neurostimulation of the 
vestibulocochlear nerve, is visualized by means of PET. This study demonstrates a 
significantly increased neural activity in several brain areas other than the auditory 
system. Although these PET-images predominantly concern the effects induced by 
the neurostimulation system, the results of this study indicate that tinnitus-related 
neural activity probably implies more neural circuits than the auditory system alone. 
In the third study we describe a transient tinnitus-reducing effect in 5 of the 24 
investigated unilateral tinnitus subjects by means of TMS located at the auditory 
cortex. Although major limitations can be contributed to this pilot study, TMS seems 
an interesting tool for modulating and possibly even diagnosing tinnitus location, 
especially when combined with neuroimaging devices in future studies.  
 
Chapter 9 ‘General conclusions, discussion and future perspectives’ mentions 
scientific research programs - concerning neuroimaging, animal, and pharmaceutical 
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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Nederlandse samenvatting 
 
Ongeveer 10-30% van onze samenleving heeft last van tinnitus. De mate van 
ervaren klachten verschilt per persoon, maar over het algemeen voelt 4-5% zich 
ernstig door tinnitus beperkt. Concentratieproblemen, slapeloosheid, gevoelens van 
angst en depressie zijn veel voorkomende, aan tinnitus gerelateerde, klachten en 
leiden tot een duidelijke afname van de kwaliteit van leven. Tinnitus komt vaker 
voor bij mannen en op oudere leeftijd, gerelateerd aan de mate van gehoorverlies. 
Tinnitus heeft verschillende verschijningsvormen en ontstaansmechanismen, 
hetgeen waarschijnlijk de basis vormt voor de grote diversiteit aan interindividuele 
tinnituskarakteristieken. 

In de introductie wordt beschreven dat tinnitus kan worden geclassificeerd 
naar:  
1) karakter; acuut versus chronisch, unilateraal versus bilateraal versus cranieel, 
subjectief versus objectief versus auditieve hallucinatie  
2) etiologie; otologische, neurotologische, infectieuze, iatrogene en overige perifere 
oorzaken en onderscheid subjectief versus objectief, waarbij objectieve tinnitus met 
name een musculaire of vasculaire oorsprong heeft     
3) tinnitusernst; bepaald aan de hand van vragenlijsten en classificaties gebaseerd op 
implicaties van tinnitus op het dagelijks functioneren en kwaliteit van leven  

Tot op heden bestaat er eigenlijk geen uniforme definitie van tinnitus die 
van kracht is voor elk individu.  Bovengenoemde classificaties voor tinnitus zijn 
samengevoegd in de ‘Groningen definitie voor chronische subjectieve tinnitus’. 
Deze definitie bevat de inclusiecriteria voor de patiëntenselectie van de 
verschillende hoofdstukken van dit proefschrift. 
 
‘Tinnitus is een perceptie van betekenisloze geluiden bij afwezigheid van een externe 
geluidsbron, die chronisch aanwezig is en de kwaliteit van leven nadelig beïnvloed. 
Dit geluid is een manifestatie van neurale activiteit met een otologische, 
neurotologische, infectieuze, iatrogene of andere origine, leidend tot het genereren 
van tinnitus in het centrale auditieve systeem. Deze subjectieve tinnitus wordt alleen 
door de patiënt waargenomen en kan niet worden geobjectiveerd door een externe 
observator.’ 
 
Het doel van dit proefschrift is om door middel van onderzoek nieuwe inzichten te 
verkrijgen omtrent pathofysiologie, diagnostiek en behandeling van chronische 
subjectieve tinnitus. 
 
Pathofysiologie 
 
Hoofdstuk 1 beschrijft een literatuuroverzicht over de rol van neurale plasticiteit in 
het genereren van tinnitus. Otologische, neurotologische, infectieuze, iatrogene en 
andere oorzaken kunnen een veranderde afferente input naar het centraal auditief 
systeem tot gevolg hebben. In reactie hierop treden er vroege en late manifestaties 
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van neurale plasticiteit op, die ervoor zorgen dat de hersenen compenseren voor de 
verstoorde perifere input. Neurale plasticiteit is een normale reactie van de hersenen 
in reactie op een veranderde perifere input en heeft tot doel te compenseren voor 
perifere schade door bijvoorbeeld ziekte of letsel. Helaas schiet de neurale 
plasticiteit ook wel eens zijn doel voorbij en leidt tot overactiviteit en 
oversensitiviteit in het centrale zenuwstelsel. De meest bekende manifestaties van 
doorgeschoten neurale plasticiteit zijn neuropathische (fantoom)pijn en tinnitus. 
Overeenkomsten tussen tinnitus en fantoompijn hebben het inzicht in de 
pathofysiologische mechanismen van tinnitus enorm doen toenemen. 

In hoofdstuk 1 is neurale plasticiteit verdeeld naar vroege en late 
manifestaties. Het openen van inactieve synapsen, afname van inhibitie en het 
initiëren van de vorming van nieuwe axonen zijn vroege manifestaties van neurale 
plasticiteit. Verdere doorgroei van nieuwe axonale verbindingen en de reorganisatie 
van tonotopisch verdeelde, receptieve velden, zijn late uitingen van neurale 
plasticiteit. Deze manifestaties van neurale plasticiteit lijken in het gehele centrale 
auditieve systeem voor te komen, lopend vanaf cochlea tot aan de auditieve cortex. 
Dierexperimentele onderzoeken hebben verhoogde, tinnitus-gerelateerde, neurale 
activiteit vastgesteld ter plaatse van onder andere de colliculus inferior en nucleus 
cochlearis dorsalis. 

Sommige tinnituspatiënten kunnen hun tinnitus beïnvloeden door 
bewegingen van bijvoorbeeld kaak en nek of veranderingen van blikrichting. Omdat 
er neurale verbindingen zijn aangetoond tussen het somatosensorische en visuele 
neurale systeem aan de ene kant en het auditieve systeem aan de andere kant, wordt 
aangenomen dat in ieder geval bepaalde vormen van tinnitus worden gegenereerd 
volgens deze neurale verbindingen. Mogelijk speelt het nonlemniscale (niet-
klassieke) auditieve systeem hier een grote rol in. De patiënten die hun tinnitus 
kunnen moduleren, zijn in eerder onderzoek zeer geschikt gebleken voor studies met 
functionele beeldvorming.  

De toenemende waarde van beeldvormende technieken voor het 
objectiveren van de aan tinnitus gerelateerde hersenactiviteit wordt beschreven in 
hoofdstuk 8.  Aan de hand van twee pilotstudies met fMRI en PET hebben we aan 
tinnitus gerelateerde hersenactiviteit kunnen weergeven in verschillende 
hersengebieden. In de eerste pilotstudie is met behulp van fMRI toegenomen 
hersenactiviteit vastgesteld ter hoogte van de colliculus inferior bij goed horende, 
unilaterale tinnituspatiënten. In de tweede pilotstudie zijn de implicaties van de 
neurostimulatiebehandeling (hoofdstuk 7) op cerebrale activiteit geobjectiveerd met 
behulp van PET. Door de PET-beelden van aan- en uit-situaties van het 
neurostimulatiesysteem te vergelijken, kan de, door neurostimulatie veranderde, 
hersenactiviteit worden gemeten. De PET-resultaten van 4 patiënten lieten 
hersenactiviteit zien op veel gebieden buiten het centraal auditief systeem.  

Uit beide onderzoeken kunnen we concluderen dat functionele 
beeldvorming in staat lijkt de aan tinnitus-gerelateerde hersenactiviteit te 
objectiveren, waardoor het een grote rol speelt in het vergoten van de kennis omtrent 
de pathofysiologische mechanismen verantwoordelijk voor tinnitus.   
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Diagnostiek 
 
Hoofdstuk 2 beschrijft enkele richtlijnen voor diagnostiek van chronische, 
subjectieve tinnituspatiënten. Aan de hand van literatuuronderzoek en klinische 
ervaring (beschreven in hoofdstuk 3) worden in dit hoofdstuk suggesties en adviezen 
gegeven betreffende;  

1) Anamnese, gericht op tinnituskarakteristieken, ototoxische medicatie en 
relevante voorgeschiedenis. 

2) Algemeen lichamelijk en KNO-specifiek onderzoek, gericht op de 
differentiatie tussen subjectieve en objectieve tinnitus, otologisch 
behandelbare oorzaken voor tinnitus en somatosensorische beïnvloeding 
van tinnitus.  

3) Algemene en tinnitus-specifieke audiologische onderzoeken, voor analyse 
van het gehoor en spraakverstaanbaarheid, luidheid en frequentie van 
tinnitus en eventuele maskeerbaarheid. Op indicatie kunnen aanvullende 
audiologische en vestibulaire onderzoeken verricht worden. 

4) Analyses van tinnitusernst, persoonlijkheidskarakteristieken en psychisch 
ongemak kunnen met behulp van gevalideerde vragenlijsten geëvalueerd 
worden. De voorgestelde selectie van internationaal gevalideerde 
vragenlijsten is geselecteerd vanwege de individuele toepasbaarheid.  

5) Indicaties voor aanvullende radiologische onderzoeken met CT of MRI zijn 
in dit hoofdstuk gegeven, evenals richtlijnen voor aanvullend 
bloedonderzoek. Of verwijzing naar andere specialisten nodig is, zal per 
individu bekeken moeten worden.  

Enkele van deze richtlijnen zijn toepasbaar bij elke patiënt, andere zijn geadviseerd 
op indicatie. Deze richtlijnen helpen de clinicus bij het identificeren van eventuele 
behandelbare oorzaken voor tinnitus, bij de analyse van  de verschillende vormen en 
karakteristieken van tinnitus en evaluatie van de aan tinnitus verwante 
persoonlijkheidskenmerken en uitingen van psychisch ongemak zoals angst, 
depressie en vitale uitputting.   

Hoofdstuk 3 beschrijft de resultaten van klinische evaluatie van 105 en 
vragenlijstanalyse van 265 chronische, subjectieve tinnituspatiënten. Patiënten zijn 
geanalyseerd volgens het diagnostisch protocol dat in hoofdstuk 2 beschreven is en 
de uitkomsten van deze analyses hebben tot de definitieve formulering van de 
richtlijnen uit hoofdstuk 2 geleid. Het voorgestelde protocol bleek gemakkelijk 
uitvoerbaar en interpreteerbaar in de klinische praktijk. Omdat tinnitus een 
subjectieve klacht is die alleen door de patiënt wordt waargenomen en niet 
geobjectiveerd kan worden door een externe observator, speelt het gebruik van 
gevalideerde vragenlijsten een grote rol in het analyseren van tinnitus en 
aanverwante problemen.  De geselecteerde vragenlijsten zijn goed in staat gebleken 
per individuele patiënt de tinnitusernst, persoonlijkheidskarakteristieken en 
psychisch ongemak te kwantificeren. De uitkomsten van het diagnostisch protocol 
kunnen de clinicus helpen om medische, audiologische of psychologische 
behandelopties te selecteren.  
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In hoofdstuk 4 worden de persoonlijkheidskarakteristieken neuroticisme, 
extraversie, emotionele stabiliteit en Type D persoonlijkheid vergeleken tussen een 
groep van 265 chronische tinnituspatiënten en 265 algemene KNO- patiënten zonder 
tinnitus of ernstige comorbiditeit. In dit hoofdstuk wordt de Type D 
persoonlijkheidsstructuur geïntroduceerd, niet eerder onderzocht in een 
tinnituspopulatie. Type D persoonlijkheid bestaat uit de subschalen ‘negatieve 
affectiviteit’ en ‘sociaal terugtrekkingsgedrag’, waarbij men alleen van deze Type D 
persoonlijkheid spreekt als beide kenmerken aanwezig zijn. Alle gemeten 
persoonlijkheidskarakteristieken blijken significant te verschillen tussen beide 
groepen, maar met name Type D persoonlijkheid vertoont een zeer sterke relatie met 
het hebben van tinnitus.  

De invloed van Type D persoonlijkheid op de ervaren kwaliteit van leven 
en tinnitusernst is geanalyseerd in hoofdstuk 5. De populatie van 265 
tinnituspatiënten is gesplitst naar het wel en niet hebben van een Type D 
persoonlijkheidsstructuur, waarbij bleek dat 94 patiënten een Type D 
persoonlijkheid hadden. Vergelijking tussen beide groepen laat zien dat de Type D 
tinnituspatiënten significant meer psychisch ongemak ervaren, bepaald door middel 
van vragenlijsten voor angst, depressiviteit en vitale uitputting. Dit is de eerste 
studie die de rol van vitale uitputting onderzoekt in een tinnituspopulatie. De invloed 
van Type D op de algemene fysieke en mentale kwaliteit van leven en tinnitusernst 
was deels direct aanwezig, maar deze invloed bleek met name bepaald te worden 
door de mate van angst en depressiviteit.  

De impact van angst en depressiviteit op de kwaliteit van leven, 
tinnitusernst en copingstrategieën is nader geanalyseerd in hoofdstuk 6.. In dit 
hoofdstuk is de tinnituspopulatie van 265 patiënten onderverdeeld in 4 subgroepen 
aan de hand van de afkappunt voor angst en depressiviteit van de HADS. Deze 
subgroepen zijn: 1) geen symptomen van angst en depressiviteit (n=108), 2) alleen 
angst, geen depressie (n = 27), 3) alleen depressie, geen angst (n = 26), 4) zowel 
angst als depressie (n = 104). Deze studie laat zien dat de patiënten die zowel 
angstig als depressief zijn een significant mindere kwaliteit van leven ervaren, met 
significant meer tinnitusernst en minder effectief toegepaste copingstrategieën. 
Angst en depressiviteit hebben dus duidelijk een elkaar versterkend effect. 

Concluderend uit hoofdstuk 5 en 6, kunnen we stellen dat, voor het 
verlagen van de ervaren tinnitusernst en verbeteren van de kwaliteit van leven, de 
clinicus zich moet richten op de behandeling van zowel angst als depressie, 
voornamelijk bij de mensen met een Type D persoonlijkheidsstructuur. 

 
Behandeling 
 
Tussen 2001 en 2003 is in een samenwerkingsverband tussen de afdelingen KNO en 
Neurochirurgie een experimentele behandeling gestart, bestaande uit continue 
elektrische stimulatie van de nervus vestibulocochlearis (achtste hersenzenuw). Via 
een retrosigmoidale benadering is bij zes patiënten een stimulatieelektrode 
geïmplanteerd rondom de achtste hersenzenuw, verbonden met een stimulator 
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geplaatst ter plaatse van het sleutelbeen door middel van een subcutane verlengdraad 
in de hals. Deze behandeling is ontwikkeld in analogie met behandeling van 
chronische pijn door middel van spinale ruggenmergstimulatie. De behandelde 
patiënten hadden allen ernstige, unilaterale tinnitus en waren doof aan hetzelfde oor. 
Daarnaast bleek geen enkele andere tinnitusbehandeling voor hen effectief.  

Hoofdstuk 7 presenteert de resultaten van de lange termijnevaluatie van 
deze neurostimulatiebehandeling, gemiddeld 42,5 maanden na implantatie. 
Resultaten van 4 patiënten worden beschreven.  Het behandelsucces is geanalyseerd 
aan de hand van een vragenlijstanalyse door middel van de THI (tinnitus handicap 
inventory), audiologische onderzoeken en een VAS-score voor behandelsucces op 
een schaal van 0 tot 10. Aan de hand van de totale THI-scores vóór, 3 en 42,5 
maanden na behandeling is met behulp van de formule van Cohen de effectgrootte 
van het behandelsucces bepaald. De effectgrootte van de lange termijn evaluatie was 
duidelijk groter dan die van 3 maanden na de ingreep en bleek een klinisch zeer 
relevant resultaat te hebben. De gemiddelde VAS-score voor behandelsucces was 
7,25. Het effect van de neurostimulatiebehandeling konden we niet objectiveren met 
behulp van audiologische onderzoeken. Het gerapporteerde succesvolle 
behandelresultaat bleek te berusten op een transformatie van het tinnitusgeluid naar 
een plezierig niveau of karakter. 

In hoofdstuk 8  is een experimentele behandeling met behulp van 
transcraniële magnetische stimulatie (TMS) beschreven.  Met behulp van een 8-
vormige spoel werd, volgens het principe van magnetische inductie, laagfrequente 
TMS uitgevoerd ter plaatse van de auditieve cortex. Omdat TMS in deze pilotstudie 
bij 5 van de 24 unilaterale patiënten in staat bleek de tinnitus tijdelijk te kunnen 
onderdrukken, lijkt TMS een interessant medium voor het moduleren van de aan 
tinnitus-gerelateerde hersenactiviteit. Interindividuele diversiteit aan 
tinnituskarakteristieken, beperkte intracerebrale penetratie en onduidelijke 
tinnituslokalisatie maken TMS tot op heden van beperkte waarde. 

   
Algemene conclusies en discussiepunten zijn beschreven in hoofdstuk 9. De 
waarden van de in dit proefschrift beschreven resultaten voor de klinische praktijk 
worden benadrukt en suggesties voor verder onderzoek worden gedaan. Het 
verbeteren van functionele beeldvormingtechnieken, het uitbreiden van 
dierexperimenteel onderzoek en de ontwikkeling van nieuwe projecten met 
neuromodulatie, zijn essentieel om het inzicht te vergroten omtrent de 
pathofysiologische mechanismen van tinnitus en om uiteindelijk nieuwe interventies 
te ontwikkelen. Internationale uniformiteit in diagnostische richtlijnen en gebruik 
van internationaal gevalideerde vragenlijsten, verbeteren de tinnitusdiagnostiek en 
maken het mogelijk onderzoek en patiëntengegevens tussen verschillende landen 
samen te voegen of te vergelijken. Overeenkomstig met het diverse karakter van de 
voorgestelde diagnostische richtlijnen, dient ook de behandeling van tinnitus 
multidisciplinair te zijn, waarin per individu een balans moet worden gezocht tussen 
medische, audiologische en psychologische benaderingen.   
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De totstandkoming van dit proefschrift heb ik aan verschillende mensen te danken; 
 
Professor dr. F.W.J. Albers. Met ontzettend veel waardering voor u en enorme 
dankbaarheid voor alles wat ik van u heb mogen leren, draag ik dit proefschrift aan u 
op. Dat iemand die zo bruisend in het leven stond, zo snel door een ziekte 
overmeesterd kon worden, heeft mij ontzettend geraakt.  
Ooit vertelde u mij dat de waarde van promoveren voor een medisch specialist 
berust op het feit kritisch te leren denken, om zo gegrond een mening te vormen of 
een ander te weerleggen. Alleen zo zou de medische wereld verder kunnen komen, 
eigenlijk net als stromend water.  Met het afronden van dit proefschrift heb ik 
getracht om   ‘door het verleggen van die ene steen, 
   de stroom nooit meer dezelfde weg te laten gaan’. 
 
Professor dr. M.J. Staal, beste Michiel, trots noem ik u graag mijn vervangend 
eerste promotor. Na het vertrek van prof Albers naar Utrecht en zijn overlijden 
daarna, heeft u de taak als eerste promotor volledig overgenomen. Dank voor uw 
stimulerende en kritsche blik die ervoor zorgde dat de inhoud van dit proefschrift 
duidelijk beter is geworden! Dank voor uw oprechte interesse, gezellige en goede 
gesprekken. Gelukkig eindigt onze samenwerking op onderzoeksgebied niet bij het 
afronden van dit proefschrift!  
 
Dr. L.J. Middel, beste Berry, mijn steun en toeverlaat in de selectie en analyse van 
de vragenlijsten en statistiek. Hoe had ik de hoofdstukken 4, 5 en 6 zonder jou 
kunnen schrijven? Naast je ongekende onderzoekskwaliteiten ben je een fantastisch 
mens!  
 
Professor dr. B.F.A.M. van der Laan, beste Bernard, ontzettend veel dank voor al 
het werk dat je de laatste maanden in dit proefschrift hebt gestoken. Ik had na het 
overlijden van prof Albers geen betere opvolger kunnen wensen!  
 
Graag wil ik alle patiënten bedanken die deel hebben genomen aan dit onderzoek. 
Met name hun bereidheid de uitgebreide vragenlijstbundel in te vullen en deze 
meestal binnen een week retour te krijgen, heb ik enorm gewaardeerd. 
 
Mw. Dr.  S.S.Pedersen, beste Susanne, dankzij Berry ben jij bij dit proefschrift 
betrokken geraakt. Ik ben je erg dankbaar voor je klinisch psychologische blik 
waardoor de kwaliteit van hoofdstukken 4 en 5 duidelijk verbeterd is. Als een van de 
grondleggers van het Type D persoonlijkheidsconstruct, heb je een enorme bijdrage 
in de wetenschappelijke en innovatieve waarde van dit proefschrift. 
 
Prof. dr. P. van Dijk, beste Pim, fantastisch met hoeveel enthousiasme, nieuwe 
ideeën en succes jij het tinnitusonderzoek in Groningen leidt. Bedankt voor de 
wetenschappelijke bijdrage aan hoofdstukken 2, 3 en 8. Ik hoop natuurlijk dat dit 
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proefschrift een functie kan hebben in de huidige tinnitusonderzoeken. Dat jij in 
mijn beoordelingscommissie zit, vind ik een eer.   
 
Beoordelingscommissie, Prof. dr. J.J.A Mooij, Prof. dr. K. van der Meer, Prof. 
dr. P. van Dijk, hartelijk dank voor jullie bereidwilligheid dit manuscript op zijn 
wetenschappelijke waarde te beoordelen.  
Prof. Mooij, tevens hartelijk dank voor de wetenschappelijke bijdrage aan hoofdstuk 
7 en het vervolgonderzoek met neurostimulatie!   
 
Dr. A.F. Holm, beste Adriaan, jammer dat de initiële plannen van 2003 een andere 
wending kregen door jouw vertrek naar Assen. Desondanks dank voor je bijdrage 
aan hoofdstuk 7 en blijvende interesse in het tinnitusonderzoek. 
 
Dhr. Cor Kliphuis, samen met prof. Staal ben jij degene die behandeling en 
onderzoek met neurostimulatie mogelijk maakt. Met veel plezier werken we samen 
aan het vervolg van de neurostimulatiebehandeling. Bedankt jouw altijd gemeende 
enthousiasme!   
 
Dr. Liesbet Ruijtjens, fantastisch dat je, ondanks jouw vertrek naar Utrecht / 
Amersfoort, de PET-resultaten van hoofdstuk 8 voor me geanalyseerd hebt. Doordat 
de neuromodulatiebehandeling een vervolg krijgt, is ons PET-onderzoek ook nog 
niet afgerond! Veel dank voor alle gezellige momenten. 
 
Dr. Gerbig Versteegen, vantevoren had ik niet gedacht dat ik zo op een lijn zou 
liggen met een psycholoog! Hartelijk dank voor de goede gesprekken en je bijdrage 
bij de selectie van de tweede serie neuromodulatiepatiënten.  
 
Staf en assistenten KNO, dankzij jullie ga ik elke dag met veel plezier naar mijn 
werk! Een fantastisch klimaat om je, naast onderzoeker, tot arts en mens te 
ontwikkelen.  
 
Tinnitusteam Groningen, in Götenburg hebben we laten zien dat we een gezellig 
en productief onderzoeksteam zijn! Ondanks dit proefschrift heb ik het idee dat er 
nog zoveel is wat we niet weten over tinnitus. Deze ellendige, veel voorkomende 
klacht behoeft nog heel veel aandacht!  
Cris, bedankt voor de fMRI resultaten van hoofstuk 7. 
 
Ome Nol, ontzettend veel dank voor het ontwerpen van de kaft van dit proefschrift! 
Ik ben er trots op dat uw werk dit proefschrift siert! 
   
Vrienden en vriendinnen, bedankt dat jullie mijn leven zo plezierig maken!  
 
Opa en oma De Jager, bedankt voor jullie altijd oprechte belangstelling! Hopelijk 
hebben we straks wat meer tijd om langs te komen. 
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Oma Bartels, ookal is het voor u niet goed bij te houden wat uw kinderen en 
(achter)kleinkinderen allemaal meemaken, ik ben er trots op nog steeds een oma van 
ruim 100 jaar te hebben! 
 
Niels, Jochem, Bart en Eric, ooit had ik er 2, maar sinds enkele jaren heb ik 4 
fantastische broers! Een dikke knuffel en een kusje van jullie zusje…. 
Jochem,bedankt voor alle adviezen omtrent de layout van dit proefschrift. 
  
Paranimfen, Elsa en Marian, gezellige gesprekken bij een glas wijn, hetzelfde 
gevoel voor humor met slechte grappen en altijd aanwezige interesse, vormen de 
basis van onze vriendschap! Ondanks de afstand weet ik zeker dat dit nog jaren zal 
voortgaan. Bedankt dat jullie vandaag aan mijn zijde staan! 
 
Meneer en mevrouw van Det, al jarenlang beschouwen jullie mij als jullie eigen 
dochter. Bedankt voor alle gezellige momenten, goede gesprekken en liefde die 
jullie ons geven.  Ik ben er trots op jullie als tweede ouders te hebben! 
 
Pap en mam, van kind af aan hebben jullie mij enorm gestimuleerd in 
levensinstelling, studie en sport. Jullie onvoorwaardelijke steun, liefde en begrip 
hebben mij gevormd in wie ik ben. Ik kan me geen lievere en betere ouders 
voorstellen! 
 
Marc, ooit begonnen in de studiebanken ben jij nu al ruim tien jaar mijn grote lieffie 
en ik jouw kleine meisje. Onze gezamelijke interesses in sport, vakanties en genieten  
van lekker eten en een goed glas wijn, maken jou mijn perfecte levensmaat. Stelling 
16 is dan ook voor jou en blijf mij daarbij altijd met je meenemen! 
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Curriculum Vitae 

 
Hilke Bartels werd geboren op 20 februari 1978 te Nijmegen. In 1996 slaagde zij op 
het Stedelijk Gymnasium te Nijmegen en vertrok hierna naar Groningen. Wegens 
uitloting voor de studie geneeskunde, behaalde zij eerst de propedeuse bedrijfskunde 
aan Rijksuniversiteit te Groningen. In 1997 kon zij alsnog aan de studie 
geneeskunde beginnen. Deze studie werd succesvol in een keer doorlopen, waarbij 
een 6 maanden durende, wetenschappelijke stage in Portland, Oregon VS, een 
hoogtepunt was. De doctoraalfase werd in het UMCG doorlopen, waarbij al snel de 
interesse voor het vak Keel-, Neus en Oorheelkunde ontplooide. Samen met dr. F.G. 
Dikkers, KNO-arts en drs. B. Hazenberg, internist, werd een onderzoek verricht naar 
de manifestatie van amyloidose in de larynx. Samen met een keuze co-schap KNO, 
legde dit onderzoek de basis voor een opleidingsplek, verkregen in mei 2003. Het 
artsexamen werd behaald in augustus 2003 en ging vrijwel geleidelijk over in een 
combinatietraject van promotieonderzoek en opleiding tot medisch specialist op de 
afdeling Keel-, Neus- en Oorheelkunde in het UMCG in oktober 2003. Onder 
leiding van prof. dr. F.W.J. Albers, voormalig afdelingshoofd van de afdeling KNO 
en prof. dr. M.J.Staal, bijzonder hoogleraar bij de afdeling Neurochirurgie, werd een 
onderzoekstraject naar de pathofysiologie, diagnostiek en behandeling van 
chronische, subjectieve tinnitus gestart. Na twee jaar vrijwel fulltime onderzoek te 
hebben gedaan, vond de 5-jarige opleiding tot KNO-arts, onder leiding van prof. dr. 
B.F.A.M. van der Laan, in november 2005 zijn aanvang.  
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