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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. 
 
 
 
 
 
 
 
 

 




