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Abstract  

 

Tinnitus, the subjective perception of a sound in the absence of any external 

stimulus, is an auditory phantom phenomenon, which affects millions of people 

worldwide. The neurophysiological mechanisms of tinnitus are still poorly understood. 

Although multiple treatments have been developed, to date there is no validated cure 

of tinnitus.  

Based on findings of abnormal oscillatory cortical activity regarding a reduction of 

temporal alpha power (8 - 12 Hz) and an enhancement of temporal delta power (0.5 - 

4 Hz) in chronic tinnitus patients (Weisz et al., 2005) a Neurofeedback training as a 

specific operant modification of abnormal cortical activity was developed and tested 

with 21 subjects (Dohrmann, 2007). Since the outcomes were promising regarding a 

normalization of alpha and delta power, in the present study a further methodological 

improvement of Neurofeedback was implemented. Subjects learned to increase 

alpha and to decrease delta power simultaneously in a two-dimensional 

Neurofeedback protocol. Furthermore, a source montage of the EEG data was 

conducted to have a precise measure of changes in cortical activity. Besides 

changes in EEG alpha and delta power, tinnitus-related distress (measured with the 

Tinnitus Questionnaire, Goebel & Hiller, 2004) as well as subjective tinnitus intensity 

were gathered. The results of the present study were compared to those of the 

proceeding signal space Neurofeedback study (Dohrmann, 2007). 

Tinnitus subjects (n = 10) were able to increase alpha power (effect size = .40) 

and to decrease delta power (effect size = .60) significantly by means of 

Neurofeedback. Tinnitus intensity and tinnitus-related distress were also reduced 

(effect sizes = .96 and 1.26, respectively) significantly. There were no significant 

differences between signal space and source space Neurofeedback regarding 

normalization of frequency bands and reduction of intensity and distress.   

However, more subjects of the present study were able to concurrently increase 

alpha and decrease delta power than subjects in signal space Neurofeedback, the 

majority of whom increased power in both frequency bands. Hence, training both 

frequency bands simultaneously in a two-dimensional Neurofeedback protocol 

seems to be a promising innovation in Neurofeedback therapy.   
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1. Introduction and Theoretical Background 

1.1 Definition and classification of Tinnitus 

 

Most people have experienced some kind of a diffuse ear noise, for example, a 

ringing in the ears, after having been exposed to auditory stimulation for some time. 

Usually this sound disappears after a while without any special treatment. But in 

some cases the sound remains and it may cause serious distress for the affected 

person.  

The subjective perception of a sound (e.g., a tone, a hissing noise or a 

combination of different sounds) in the absence of any external stimulus is called 

tinnitus. The term tinnitus is derived from the Latin expression tinnire which means 

“to ring”. It is characterized by unstructured acoustical features mostly appearing as 

similar tones or combined as complex sounds. As tinnitus is a quite elementary 

auditory phenomenon it can be distinguished from other more complex auditory 

hallucinations like those schizophrenia subjects suffer from (Weisz, Hartmann, 

Dohrmann, Schlee, & Norena, 2006; Goebel & Büttner, 2004).  

There are two different forms of tinnitus – objective and subjective tinnitus 

(Jastreboff, 1990). With objective tinnitus the sound experienced by the subject may 

be heard with a stethoscope applied to the head or auditory canal. The underlying 

mechanisms of the objective form of tinnitus may be mechanical oscillations which 

are generated within the body of the tinnitus subject (e.g., through vascular 

anomalies or muscular interferences) (Arnold, Jager, & Grevers, 1995). Hence, 

objective tinnitus is sometimes also referred to as “somatosounds” (Jastreboff, 1990). 

If the underlying disease is treated, the tinnitus disappears in most instances (Meier 

& Eysholdt, 1994). 

Subjective tinnitus (tinnitus aurium) is a phenomenon which is only experienced 

by the tinnitus subject and therefore not measurable by external means. This diploma 

thesis will exclusively focus on tinnitus aurium.1 

It is difficult to present an official classification of tinnitus, since there are great 

individual variations. According to Dohrmann (2007) tinnitus can approximately be 

classified and described by:  

                                            
1 Thereafter referred to as „tinnitus“. 
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• site (right or left ear, both sides with / without dominant side, in the head),  

• type of sound (tone, hissing, combination),  

• subjective loudness (most people report the loudness of the tinnitus as low, 

just above the threshold), 

• duration (acute – up to three months, subacute – three to six months, chronic 

– more than six months), 

• possibility of masking the tinnitus, 

• frequency (high, medium, low), and 

• impairment (compensated vs. decompensated). 

 

Tinnitus is known as a source of great psychiatric distress for the affected 

subjects as it may reduce the overall quality of life, leading to sleep disturbance, 

concentration problems, and in the worst case to depression, dysthymia, anxiety 

disorders, and work impairment (Eggermont & Roberts, 2004; Goebel & Büttner, 

2004). 

To date the underlying neurological mechanisms are still not completely 

understood and at present there is no effective treatment that reliably eliminates 

tinnitus (Eggermont & Roberts, 2004). There are, however, numerous therapeutic 

approaches for curing tinnitus, though with mixed effectiveness. In the acute stadium 

of tinnitus mainly medical treatments (particularly infusions of e.g., pentoxifiline, 

oxygen therapy or treatment with cortisone) prevail, although usually with little or no 

effect (Goebel & Büttner, 2004). Popular approaches in chronic tinnitus therapy are, 

for instance, cognitive-behavioral therapy (Andersson, Stromgren, Strom, & Lyttkens, 

2002), tinnitus-retraining-therapy (Jastreboff & Jastreboff, 2006), psychotherapy 

(Goebel, 2001), physical therapy (Rief, Weise, Kley, & Martin, 2005), transcranial 

magnet stimulation (Langguth et al., 2006), auditory frequency training (Flor, 

Hoffmann, Struve, & Diesch, 2004), and prolonged rest and relaxation (Weber, Arck, 

Mazurek, & Klapp, 2002)2. Since none of these treatments has found to be of general 

value despite isolated reports of success (Eggermont & Roberts, 2004; Schenk, 

Lamm, & Ladwig, 2003), currently the main focus of therapy is on coping with 

tinnitus. Coping with tinnitus, however, “only” changes its detrimental effect on the 

quality of life – if at all – the tinnitus percept mainly remains the same.  

                                            
2 For an overview of tinnitus therapy approaches see e.g., Kröner-Herwig (1997), Andersson & 
Lyttkens (1999). 
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1.2 Epidemiology 

 

Tinnitus is a widespread phenomenon with increasing prevalence in the past 

years (up to 15% depending on the considered country (Eggermont & Roberts 

2004)). Since this study was conducted in the Federal Republic of Germany this 

section will only present data on tinnitus prevalence in Germany. 

A comprehensive study of the tinnitus prevalence in Germany (n = 3049), 

conducted by Pilgramm and colleagues in 1999, showed that 24.9% of the subjects 

had experienced sounds in the ear(s) at one time or another in their lifetime, in 13% 

the sounds lasted longer than five minutes. The point prevalence of tinnitus in 

Germany amounts to 3.9% (Pilgramm et al., 1999), which is relatively high in 

comparison to other widespread diseases as, for example, diabetes mellitus (4-5%, 

Pilgramm et al., 1999). There is no statistically significant difference in the prevalence 

of tinnitus between men and women, although men are marginally more affected. In 

1% of patients tinnitus seriously interferes with their life (Smits, et al., 2007). The 

prevalence among people older than 60 years was found to be highest (up to 12%). 

Since the senior population grows and young people are increasingly exposed to 

industrial and recreational noise, the prevalence of tinnitus may increase within the 

next years (Eggermont & Roberts, 2004). The annual incidence of tinnitus amounts 

to 0.33% (Pilgramm et al., 1999).  

Thirty-nine percent in the Pilgramm study suffered from bilateral tinnitus (38% left 

ear, 22% right ear). In 53% of the cases tinnitus was accompanied by a hearing 

impairment in the affected ear. As the origin of their problem, 36% of tinnitus subjects 

reported medical reasons, 26% considered stress, and 17% accused noise at the 

workplace (Pilgramm et al., 1999). According to Goebel and Büttner (2004) 37% 

percent of tinnitus subjects only perceive their tinnitus noise in silence, in 44% the 

tinnitus is coverable by environmental noise whereas in 17% not even loud noise is 

able to cover the tinnitus.  

In acute tinnitus the spontaneous remission amounts to 60-80%, if the tinnitus 

persists for at least three months, however, the prognosis is rather poor (Goebel & 

Büttner, 2004).  
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1.3 The auditory system 

 

Before dwelling on possible etiological factors, a short overview of basic 

structures in the auditory system, possibly involved in the generation of tinnitus, is 

presented. 

Auditory perception is generated by waves of air pressure entering the external 

ear (pinna). These are transmitted first to the middle ear via the eardrum and then to 

the opening of the inner ear (oval window) via the ossicles. The main structure of the 

inner ear is the cochlea where sounds are converted into neural activity by 

decomposing multi-frequency signals into a spatial output organized according to 

frequency (tonotopic mapping) (Eggermont & Roberts, 2004).  

The cochlea is a snaillike and liquid-filled structure including the basilar 

membrane, which vibrates in response to perceived changes in air pressure and is 

the principal element for converting air pressure into neural activity. Atop of the 

basilar membrane the organ of Corti is located – the collective term for all the 

elements involved in the transduction of sounds. Three main structures are included 

in the organ of Corti: the sensory cells (hair cells), supporting cells, and the 

terminations of the auditory nerve fibers.  

The hair cells are the auditory receptors of which two types can be distinguished: 

the inner hair cells (IHC) and the outer hair cells (OHC), which contain tiny, relatively 

stiff hairs, called stereocilia. The IHC are connected with auditory nerve fibers, the 

OHC are responsible for the modulation of acoustic stimulation. They sharpen the 

frequency resolution and enhance sensitivity by amplifying mechanical movements of 

the basilar membrane (Eggermont & Roberts, 2004). The stereocilia of the OHC are 

connected with the tectorial membrane, which is located atop the organ of Corti. 

Displacement of the hair cells due to a sound-induced movement of the basilar 

membrane results in an opening of ion channels leading to a chemical reaction, 

neurotransmitter release, and stimulation of the afferent nerve fibers. The nerve 

fibers of the cochlea make up the auditory part of the eighth (vestibulocochlear) 

cranial nerve.  

Next in the auditory process, central structures come into play, with the dorsal 

(DCN) and ventral cochlear nuclei (VCN) being the first structures involved 

(Eggermont & Roberts, 2004). The axons of cells in the VCN form the lateral 

lemniscus (LL) terminating in areas of the superior olivary nucleus and the central 
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nucleus (ICc) of the inferior colliculus (IC). The IC is the auditory center of the 

midbrain. Outputs of the IC are next transferred to the medial geniculate nucleus 

(MGN) of the thalamus which projects to both the primary auditory cortex 

(Brodmann’s area 41 or AI) and the secondary auditory cortex (Brodmann’s area 42 

or AII) in the temporal lobe (see Figure 1). Furthermore, the amygdala (emotional 

processing and fear conditioning) is involved in auditory processing (Eggermont & 

Roberts, 2004).  

 

 

Figure 1. Structures involved in auditory processing. OHC: outer hair cells, IHC: inner hair cells, DCN: 
dorsal cochlear nucleus, VCN: ventral cochlear nucleus, SOC: superior olivary complex, IC: inferior 
colliculus, ICx: external nucleus of the IC, ICc: central nucleus of the IC, LN: lateral nucleus of the IC, 
MGN: medial geniculate nucleus of the thalamus, AI: primary auditory cortex, AII: secondary auditory 
cortex (from Eggermont & Roberts, 2004).  

 

A major feature of the auditory system is its tonotopic organization. At each level, 

from cochlea to auditory cortex, the neurons are arranged in an orderly map whereas 

the tonotopic organization in central auditory pathways reflects the organization of 

the cochlea; cells responsive to high frequency sounds are located at distance from 

those responsive to low frequency sounds (Eggermont & Roberts, 2004). 
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Bottom-up as well as top-down projections can be found in the auditory system, 

thus, interconnected feedback loops allow higher structures to modulate lower ones, 

which is very important in association with the generation of tinnitus (Eggermont & 

Roberts, 2004). 

 

 

1.4 Etiology  

 

Up to date the underlying mechanisms of tinnitus are still not completely known. 

In general, a relation between tinnitus and neural activity is proposed to the effect 

that tinnitus may result from aberrant neuronal activity in the auditory pathways. 

These abnormal neural patterns are defined as activity, which cannot be induced by 

any combination of external sounds and might be misinterpreted by the brain as a 

sound (Jastreboff, 1990).  

The causal factors of tinnitus can schematically be divided into three areas: the 

first view considers tinnitus to be a direct result from abnormal neural activity at the 

peripheral level, e.g. due to cochlea lesions or auditory-nerve pathologies (e.g., 

Chéry-Croze, Collet, & Morgon, 1993) (see section 1.4.1). A second view suggests 

tinnitus to be related to reorganization in the central auditory system (e.g., 

Mühlnickel, Elbert, Taub, & Flor, 1998) (see section 1.4.2.1). According to a third 

view tinnitus results from peripheral lesions leading to abnormal neural activity in the 

central auditory system (e.g., Salvi, Wang, & Powers, 1995, cited after Norena, 

Micheyl, Chéry-Croze, & Collet, 2002) (see section 1.4.2.2). In the following these 

etiological possibilities are subdivided into peripheral and central causes of tinnitus 

and will be discussed in detail. 

 

 

1.4.1 Peripheral causes of tinnitus: Hearing loss 

 

In about 80% of all cases chronic tinnitus is accompanied by a hearing 

impairment (Goebel, Knoer, Knoer, & Hiller, 2005). As a consequence of this 

observation earlier research on tinnitus considered peripheral damages as the sole 

underlying mechanism in the generation of tinnitus.  
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In animal research, hamsters, which were exposed to loud sound, showed 

hearing loss and furthermore, tested positive for tinnitus (the occurrence of tinnitus in 

hamsters was detected using the Two-Choice Tinnitus Test. For further details of this 

procedure see Heffner & Koay, 2005). The greater the hearing loss, the higher the 

tinnitus score and the longer the tinnitus persisted (Heffner & Koay, 2005).  

This finding is consistent with the observation that, in humans, tinnitus is 

accompanied by hearing loss in most cases. This assumption is further supported by 

the fact that the frequency range, in which hearing loss occurred, and that of the 

tinnitus spectrum overlap considerably. Mainly the components of the tinnitus 

spectrum fall in frequency ranges characterized by abnormally elevated hearing 

thresholds (Norena et al., 2002). This phenomenon is illustrated in Figure 2. 

 

 

 
Figure 2. Estimated tinnitus spectrum in relation to hearing loss in four tinnitus subjects (adapted from 
Norena, 2002). All subjects reported tonal tinnitus following auditory trauma, sudden hearing loss or 
unknown etiology. In each case the rated tinnitus spectrum spanned the region of hearing loss. 

 
Weisz et al. (2006) showed that the audiogram itself does not necessarily have to 

indicate peripheral damage. Examining tinnitus subjects with the Threshold 

Equalizing Noise test (TEN-test) of Moore, Huss, Vickers, Glasberg, and Alcantara 

(2000) they identified so-called dead regions – areas in the cochlea with damaged 

inner hair cells – in the majority of tinnitus subjects, which could not be detected by 

the audiogram.  

Although the evidence of an association between hearing loss and tinnitus is 

compelling, the question arises, why a large fraction of patients with hearing loss 
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does not suffer from any symptoms of tinnitus3 (König, Schaette, Kempter, & 

Gross, 2006). König et al. (2006) surprisingly found that the tinnitus subjects of their 

study had less overall hearing loss than the subjects without tinnitus. They found an 

association between tinnitus and a steep audiogram slope and suggest that a steep 

slope may lead to abrupt discontinuities along the tonotopic axis of the auditory 

system, which could be misinterpreted as a sound. Steeply sloping hearing loss is 

believed to be associated with cortical reorganization, which is often discussed as a 

prerequisite of tinnitus (e.g., Mühlnickel et al., 1998) and will be discussed in the next 

section. 

A further contradiction of the peripheral generation hypothesis is the fact that 

section of the auditory nerve does not eliminate the tinnitus percept (Baguley, Axon, 

Winter, & Moffat, 2002). Thus, today, an origin in the central nervous system (CNS) 

is more commonly assumed, with hearing loss as a preceding factor. According to 

Langner and Wallhäusser-Franke (2003), the perception of a sound develops as 

soon as the brain tries to compensate missing input.  

 

 

1.4.2 Central causes of tinnitus 

 

As demonstrated before, peripheral models of tinnitus cannot fully account for the 

generation of tinnitus. Today, there is increasing evidence for central causes of 

tinnitus.  

Animal studies using physiological markers (e.g., Wallhäuser-Franke et al., 2003) 

showed that in association with tinnitus only the auditory cortex is abnormally excited, 

whereas unusual activity could neither be detected in the hair cells nor in the middle 

ear. A detailed overview of changes in the central auditory system (CAS) following 

cochlear dysfunctions is presented by Eggermont and Roberts (2004). Beginning 

with damage of cochlear receptors, a cascade of changes is set in motion that might 

end in the sensation of a sound. Two prominent correlates of tinnitus in the central 

nervous system are cortical reorganization (section 1.4.2.1) and abnormal 

synchronous cortical spontaneous activity (section 1.4.2.2). 

 

                                            
3 The prevalence of hearing loss (19%, Sohn & Jörgenshaus, 2001) is higher than that of tinnitus 
(3.9%, Pilgram et al., 1999). 
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1.4.2.1 Cortical reorganization 

 

A common explanation for the underlying mechanisms of tinnitus is reorganization 

of the auditory cortex, leading to a phantom sound perception (e.g., Mühlnickel et al., 

1998, Dietrich, Nieschalk, Stoll, Raja, & Pantev, 2001). This hypothesis is inspired 

from results in the somatosensory modality indicating that the origin of phantom limb 

sensations, which occur following the amputation of one limb, may be related to 

lesion-induced neural reorganization in the cortical somatosensory map (Flor et al., 

1995).  

Cortical receptive fields represent the spatial arrangement of receptors in the 

periphery (e.g., tonal frequency, visual space, body surface) in form of maps 

imprinted on the cortical sheet. In contrast to former assumptions the organization of 

these topographic maps is not constant but dynamic and continuously modified by 

experience leading to cortical reorganization. According to the hebbian learning 

model, synchronous stimulation of neurons leads to connections between different 

areas – resulting in cell assemblies. This principle is regarded as the underlying 

mechanism of neural plasticity and cortical reorganization (Elbert & Heim, 2001). 

Cortical reorganization is seen ambivalently: on the one hand it is crucial for the 

recovery from brain lesions, which are followed by specific deficits. But on the other 

hand cortical reorganization following peripheral lesions may also be responsible for 

catastrophic outcomes such as phantom-limb pain and, in the auditory system, 

tinnitus (Elbert & Heim 2001). 

Mühlnickel et al. (1998) examined whether the tonotopy in the auditory cortex of 

tinnitus subjects diverges from normative functional organization. A marked shift of 

the cortical representation of the tinnitus frequency into an adjacent area to the 

expected tonotopic location was observed, indicating cortical reorganization. Cortical 

neurons with a characteristic frequency (CF) in the frequency region corresponding 

to hearing loss did no longer respond according to their place in the tonotopic map 

but their responses reflected the frequency tuning of less affected adjacent areas 

(Figure 3). Furthermore, the subjective strength of the tinnitus was positively related 

to the amount of cortical reorganization (Mühlnickel et al., 1998).  
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a)    b)  

 

Figure 3. Typical example of the tonotopic map of a subject with left ear tinnitus (a) and a control 
subject (b). The line shows the trajectory of the dipole locations of the three standard tones (circles) 
and the tinnitus frequency (triangle) (adapted from Mühlnickel et al., 1998). 

 

Studies with animals as well as with humans showed deafferentation of neurons 

in deprived cortical regions following peripheral damage. Neurons, which are 

deprived from their usual input, become responsive to lesion-edge frequencies. This 

pattern can be strengthened after a while due to off-frequency listening and more 

attention to input from undamaged regions and may lead to a remodeling of auditory 

cortical areas. The following auditory phantom phenomenon could be the perception 

of a sound (Weisz et al., 2006). Accordingly, Dietrich et al. (2001) discovered an 

expansion of the cortical representation of lesion edge frequencies resulting from 

cortical reorganization. 

Contrary to these results the findings of Weisz, Wienbruch, Dohrmann, and Elbert 

(2005) do not exclusively support the map reorganization hypothesis since they did 

not find enhanced neuronal responses for lesion edge frequencies as predicted. In a 

similar vein, Norena et al. (2002) reported frequencies at audiometric edges not to be 

rated as more similar to tinnitus than other frequencies in the spectrum of hearing 

loss. Hence, the results do not fully support the phantom-pain analogy of tinnitus and 

point out that mechanisms of map reorganization cannot yet explain the emergence 

of tinnitus sufficiently. Thus, the expanded representation is not by itself the neural 

substrate of tinnitus.  

A further problem of the cortical reorganization hypothesis is that tinnitus would 

still require external excitation at the lesion edge frequencies. According to the 

reports of most tinnitus patients, however, tinnitus is heard most often in silence. 

Thus, the question arises where the central neural activity that is supposed to be 

causing tinnitus, comes from (Norena et al., 2002). The generation of aberrant neural 

activity in association with tinnitus will be further discussed in the next section. 
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Drawing a conclusion from literature dealing with neural plasticity as proposed 

underlying mechanism of tinnitus it can be said that hearing loss is associated with 

cortical reorganization of the tonotopic map but overall tinnitus is a more complex 

phenomenon than a pure result of reorganization processes. Consequently, Weisz, 

Voss, Berg, and Elbert (2004) suggest a conjunction between neuroplastic processes 

and top-down modulation.  

 

 

1.4.2.2 Synchronous cortical spontaneous activity 

 

The synchronous cortical spontaneous activity (SCSA) is a neuroanatomical 

homeostatic system that reflects the “ground state” of activity of the brain function in 

multiple brain regions and allows the normal brain to achieve adaptive and normal 

behavior (Shulman, Avitable, & Goldstein, 2006). Each signal of neuronal activity, 

produced as reaction to an external stimulus, is separated from the spontaneous 

neural activity to restore the ground state.  

The SCSA consists of five different bands, which are measured in cycles per 

second or hertz (Hz) (Hammond, 2004). By oscillations in frequency they are divided 

into the following bands (Shulman et al., 2006; Hammond, 2004):  

 

• Delta: slow brain waves with a frequency of 0.1 - 3.5 Hz, generated in the 

cortex mainly when cortical neurons are deprived of input, usually experienced 

during sleep. 

• Theta: slow wave activity with a frequency ranging from 4 - 7.5 Hz, generated 

in the limbic system, associated with a day dreamy, spacy state of mind.  

• Alpha: high amplitude regular waves with a frequency from 8 - 13 Hz, 

associated with relaxation and usually dominating during the resting state, 

probably arising from interaction between thalamic and cortical neurons. 

• Beta: irregular fast waves with small amplitude, beyond 13 Hz, usually, 

associated with intellectual activity and focused concentration, mainly 

reflecting intracortical interactions. 

• Gamma: designated to frequencies above 25 Hz, reflects corticocortical and 

corticothalamic transactions (e.g., problem solving, perception). 
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Figure 4. Frequency bands of the synchronous cortical spontaneous activity (Free Software 
Foundation, Inc.). 
 

Failures in encoding the signal in this system lead to a deviation of cortical 

activity, which may become clinically manifest in, for instance, misperceptions, 

inappropriate behavior or seizure activity (Shulman et al., 2006). An aberrant 

frequency can be characterized by either excessive voltage or very low voltages. The 

latter is an indicator of desynchronization. Increased SCSA is supposed to result if 

the inter-spike interval within the burst is shorter than the time constant for integration 

of excitatory inputs of a target cell. Thus, the excitatory postsynaptic potentials will 

summate thereby increasing the probability of firing in the postsynaptic cell (Norena 

& Eggermont, 2003). 

There is evidence for a significant change in the SCSA in association with tinnitus 

(e.g., Jastreboff, 1990; Weiler & Brill, 2004; Weisz, Dohrmann, Meinzer, & Elbert, 

2005; Norena & Eggermont, 2003). For instance, an increase in burst-firing in IC, AI, 

and AII after salicylate or quinine injection could be detected in animal studies (e.g., 

Chen & Jastreboff, 1995; Norena & Eggermont, 2003). These substances are known 

to cause tinnitus. Additionally abnormal activity was found. These findings support 

the hypothesis that tinnitus may result from aberrant neural activity within the auditory 

pathways, interpreted as a sound at higher auditory centers. 

A proposed preceding mechanism for increased SCSA is reduced central lateral 

inhibition (Figure 5). Usually auditory lateral inhibition works in the following way: 

Each neuron in the central auditory system responds to a CF. A neuron, activated by 

a lower level, not only projects excitatory input to higher levels, but also distributes 

inhibition via interneurons to adjacent neurons with higher or lower CFs (see Figure 

5), thereby increasing the fine-tuning of the cell’s response. Lateral inhibition might 
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change after hearing loss in a way that the neurons of these lesioned areas have 

a reduced ability to activate cortical cells. Thus, excitatory and inhibitory feedforward 

activity is limited (Gerken, 1996). As a result, the thalamic inputs from adjacent 

unaffected cells, and the inputs from cortical cells via horizontal fibers are less 

inhibited, thus, they can impose their own frequency-selective inputs on the cells in 

the hearing loss range. A reorganization of the tonotopic map may result (Eggermont 

& Roberts, 2004). The reduction of lateral inhibition is associated with changes in the 

SCSA leading to hyperactivity.  

 

 

 

Figure 5. The effects of high-frequency hearing loss (numbered 7-13) on Pyramidal cells (numbered 
1-13) in the auditory cortex. The thin vertical lines to the cells represent the frequency-specific input 
from the thalamus. The higher frequencies (presented as dashed lines) have reduced peripheral input 
and thus, a reduced ability to activate cortical cells at low stimulus level and during silence. Some 
inhibitory feedforward connections are indicated (i). Feedback inhibition is only demonstrated for cell 1 
(ii), although prevalent in other cells (adapted from Eggermont & Roberts, 2004).  

 

The dorsal cochlea nucleus (DCN) is the earliest stage in the auditory pathway 

where increases in SCSA after hearing loss have been observed (Kaltenbach, 2006). 

Increased activity developed in those parts of the DCN that received input from 

damaged parts of the cochlea.  

Norena and Eggermont (2003) showed that in cats which were exposed to loud 

sounds burst-firing properties were significantly changed immediately after the 

trauma. Consequently, an input-decrease could reduce lateral intracortical inhibition, 

thereby increasing the SCSA at the cortical level. Since a peak of the SCSA in 

regions of hearing loss could be observed, this might be misinterpreted by central 

auditory structures as a sound-evoked pattern, leading to the perception of a sound 

(König et al., 2006).  

Weisz and colleagues (2005a) found remarkable changes of the SCSA in tinnitus 

subjects: A reduction of the power in the alpha frequency band in perisylvian regions, 
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accompanied by an enhancement of the delta power compared to a control group 

(see Figure 6).  

 

Figure 6. Power spectra averaged over all sensors. A reduced alpha peak and an enhancement of the 
delta peak can be seen in tinnitus subjects compared to a control group (Weisz et al. 2005a). 
 

These alterations of the SCSA pattern in subjects with tinnitus were found 

bilaterally in temporal areas (Figure 7). 

 

 

 
Figure 7. Display of the group x frequency band interaction effects averaged over temporal sources. 
Effects for right (A) and left (B) temporal cortex, where the strongest alterations of alpha and delta 
power were found (Weisz, et al., 2005a). 

 

The parieto-occipital 10-Hz alpha rhythm (posterior alpha rhythm) is a prominent 

neuromagnetic and electric brain rhythm, which is strongest in the state of relaxation 
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with eyes closed (Lehtelä, Salmelin, & Hari, 1997). Rhythmic activity around 10 

Hz has also been found in the temporal lobe, which is, however, often referred to as 

tau rhythm. Lehtelä and colleagues (1997) demonstrated that this rhythm is 

attenuated in reaction to sound presentation (Lehtelä et al., 1997). As tinnitus 

subjects consistently hear an internal sound, the tau rhythm is proposed to be 

dampened (Dohrmann, Weisz, Schlee, Hartmann, & Elbert, in press). The data of 

Weisz et al. (2005a), indicating a dramatic reduction of alpha4 power in temporal and 

frontal areas, support this assumption.  

The abnormal slow wave activity (delta) in tinnitus subjects is proposed to result 

from the absence of primary input in the areas affected by hearing loss. The 

degeneration of nervous cells leads to hyperpolarized thalamic neurons, which may 

trigger bursting activity of about 4 Hz spreading across large parts of the cortex 

(Dohrmann et al., in press). 

Weisz et al. (2005a) showed that in tinnitus subjects the reduction in alpha power 

is considerably stronger than the enhancement in delta power. A correlation exists 

between changes in the alpha and delta frequency bands and tinnitus-related 

distress, which was found to be strongest in right temporal and left frontal regions 

(see Figure 8). 

 

 

 

Figure 8. Correlation between alpha, delta, and tinnitus-related distress (Weisz et al., 2005a). 

 

                                            
4 In the following “alpha” is referring to the auditory alpha rhythm also called tau. 
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The temporal areas may be relevant for the processing of perceptual features of 

tinnitus, whereas frontal / limbic regions are responsible for emotional features, e.g., 

tinnitus-related distress (Dohrmann et al., in press). 

In agreement with the findings of Weisz and colleagues (2005a), Weiler and Brill 

(2004), as well as Shulman and Goldstein (2002), report changes in the SCSA of 

tinnitus subjects. Weiler and Brill (2004) found a decrease in alpha power in male 

tinnitus subjects compared to a control group, particularly in the temporocentral 

regions, whereas Shulman and Goldstein (2002) reported rather broad abnormalities, 

i.e. enhancements, reductions, or coherence irregularities in different bands, mainly 

in temporal and temporofrontal regions. 

The existing data clearly indicate that tinnitus is associated with significant 

changes of EEG patterns. Hence, attempts to normalize abnormal spontaneous 

activity patterns may lead to reductions in tinnitus-related distress and subjective 

intensity. One possible attempt to normalize spontaneous activity is by means of 

Neurofeedback, a method which will be elucidated further in the next section.  

 

 

1.5 Neurofeedback 

 

Neurofeedback, also referred to as neurotherapy, neurobiofeedback or EEG 

biofeedback, is a form of biofeedback linked to aspects of electrical brain activity, 

such as frequency, location or amplitude. This therapy technique enables individuals 

through an operant conditioning process to self-regulate cortical activity on their 

demand. Subjects are presented with real-time feedback of their cortical activity, 

which is measured by EEG (Hammond, 2005). Based on the early EEG research of 

Berger (1929), in the late 1960s research was carried out demonstrating that human 

brain functions can be operantly conditioned (e.g., Kamiya, 1969, Sterman & Friar, 

1972, cited after Masterpasqua & Healey, 2003). Shortly after this finding, EEG 

biofeedback was successfully used as a treatment for attention-deficit / hyperactivity 

disorder (ADHD) for the first time (Lubar & Shouse, 1976, cited after Masterpasqua & 

Healey, 2003). 

Today, Neurofeedback has the potential of becoming an important part of 

effective psychological practice and is already employed in the therapy of different 
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psychiatric disorders, which can be distinguished by characteristic EEG patterns 

(Masterpasqua & Healey, 2003), such as ADHD, depression or schizophrenia. With 

continuing feedback, coaching, and practice, normalized brainwave patterns can be 

retrained in most people (Hammond, 2004). 

The Neurofeedback procedure is relatively consistent across studies and the 

applied technique is not specific to any disorder. Neuroelectrical activity is measured 

via surface electrodes; the activity is then amplified and processed by software 

programs that provide contingent auditory, tactile, and / or visual feedback on a 

computer display (Masterpasqua & Healey, 2003). According to the disorder, specific 

frequency bands are chosen, which the subject learns to alter. Hence, either an 

increase (mainly concerning alpha waves) or a decrease in activity (common in the 

case of slow wave activity such as delta or theta) is demanded from the subject. If 

changes in the desired direction are achieved, a positive “reward” may be given to 

the subject. In case of regress either a negative feedback or no feedback is received 

(depending on the feedback protocol). The aim is to enable conscious control of 

cortical activity and therewith a normalization of EEG patterns to optimize the 

individual functioning.   

Although Neurofeedback has been applied for several years now, there is still a 

lack of standardized parameters of implementation, e.g., concerning the number of 

sessions, controlled clinical trials or parameters of success (for further information 

see Ramirez et al., 2001). 

 

Neurofeedback as treatment of tinnitus 

 

Since dramatic changes in the SCSA of tinnitus subjects could be demonstrated 

in various cases, a reliable relationship between aberrant neural activity and tinnitus 

is supposed. Thus, Neurofeedback as an approach to normalize abnormal brain 

wave activity seems to be a promising treatment of tinnitus. Studies exploring the 

effects of Neurofeedback on tinnitus are scarce, however. Case studies 

demonstrated that tinnitus-related distress as well as subjective tinnitus intensity 

could be reduced by increasing the alpha power by means of Neurofeedback (Weiler, 

Brill, Tachiki, & Schneider, 2002; Schenk et al, 2003). Gosepath and colleagues 

(Gosepath, Nafe, Ziegler, & Mann, 2001) conducted a Neurofeedback study with 

forty subjects and also demonstrated a reduction in tinnitus-related distress after 
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tinnitus subjects trained their alpha and beta waves. According to the authors 

tinnitus-related distress is associated with a reduction in the posterior alpha band as 

well as an enhancement in the beta range. Thus, by increasing alpha activity through 

relaxation and decreasing beta activity by reducing stress, tinnitus loudness and 

concomitant strain, depression, and anxiety should be alleviated.  

The results of Gosepath et al. (2001) were twofold, however, as one group of 

tinnitus subjects was able to increase alpha power but not to decrease beta power, 

whereas the other group was able to decrease beta power but not to increase alpha 

power. The authors attribute these striking results to the different tinnitus duration 

between groups (one year versus seven years on average) (Gosepath et al., 2001). 

Based on the results of Weisz and colleagues (2005a), demonstrating a reduction 

in alpha power in perisylvian regions and concomitant enhancement in delta power, 

Dohrman (2007) developed a Neurofeedback training, which was tested with 21 

patients suffering from chronic tinnitus. However, the Neurofeedback approach 

differed from earlier ones, inasmuch as the localization and the generators, which 

were modified, were different. While posterior sites have been the regions of interest 

in earlier studies (e.g., Gospath et al, 2001), the focus of the Neurofeedback of 

Dohrmann (2007) was on temporal and frontal regions, which are considered to be 

involved in psychoacoustic and distress aspects of chronic tinnitus. Thus, in 

comparison with the approach of general relaxation to alleviate tinnitus in earlier 

studies, subjects trained “tinnitus specific” regions in the Neurofeedback of 

Dohrmann (2007). The tau activity of the alpha band is generated in the auditory 

cortex from where it projects to frontal electrode sites. Furthermore, the slow wave 

activity is not only a sign of general distress, but would be a reflection of 

deafferentation due to hearing loss (Dohrmann, et al., in press).  

The results showed that a normalization of alpha and delta power is associated 

with a reduction of subjective tinnitus intensity, as well as with tinnitus-related 

distress (Figure 9). 
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Figure 9: Means of alpha/delta quotient, subjective tinnitus intensity, and tinnitus-related distress 
before (pre) and after (post) Neurofeedback training (from Dohrmann, 2007). 

 

The present study aims at further improving the Neurofeedback therapy in tinnitus 

subjects. Based on the results of Dohrmann (2007) a Neurofeedback training was 

conducted. Previous data showed that once the spontaneous activity shifts to slow 

wave rhythms, the alpha activity is also reduced or abolished. Since Dohrmann 

(2007) demonstrated that tinnitus subjects who modified both bands simultaneously 

experienced the strongest tinnitus relief (see Figure 10), a strong association 

between alpha reduction and delta enhancement on the one hand and alleviation of 

tinnitus on the other hand is proposed. Subjects who only normalized one band did 

not reduce their tinnitus significantly (Dohrmann, 2007).  

  

Figure 10. Changes of tinnitus intensity depending on which frequency band was modulated 
(Dohrmann et al., in press). 
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Hence, in the present study – in comparison to the preceding study by Dohrmann 

(2007) – the tinnitus subjects were instructed to train their alpha and delta activity 

simultaneously on two dimensional axes of coordinates. 

Furthermore, a source montage was applied. In the Neurofeedback of Dohrmann 

(2007) a signal space montage was applied with a setup of four electrodes mounted 

at frontocentral sites and averaged activity of the four electrodes was fed back. This 

setup was chosen because frontocentral electrodes are likely to gather activity from 

the auditory cortex, which are largely tangentially oriented (Dohrmann et al, in press). 

A disadvantage of the signal space montage, though, is the uncertainty concerning 

measuring the adequate activity. Since the measured activity also includes activity 

from frontal regions it could not be distinguished whether training success is related 

to changes in temporal or in frontal sources (Dohrmann et al., in press). Compared to 

a more exact source space projection the possibility exists that the component vector 

of a different source is aligned in a way that the activity from this source, which was 

not supposed to be measured, is captured instead of the activity of the intended 

source. Therfore, in the present study whole-head EEG-data were gathered and a 

source montage was applied as a more accurate measure. Since the changes in 

SCSA were greatest in temporal areas (Weisz et al., 2005a), the activity of the 

temporal sources were exclusively fed back to the tinnitus subjects. 

 

 

1.6 Hypotheses 

 

The synchronous cortical spontaneous firing rate of tinnitus subjects, as revealed 

by MEG, shows different patterns than the one of healthy controls (Weisz et al., 

2005a). Specifically, the differences become evident in a reduction of temporal alpha 

power and concomitant enhancement of temporal delta power. 

 

Normalizing EEG alpha and delta power: 

 

In analogy to the results of Dohrmann (2007), I propose that tinnitus subjects are 

able to change their SCSA by influencing their EEG pattern by means of 

Neurofeedback training. Thus, a normalization of power in the alpha and delta 
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frequency bands will result within one session, as well as averaged across all 

sessions. Since the auditory alpha rhythm is of interest, activity from temporal 

sources is exclusively fed back to the subjects.    

 

Hypothesis 1: 

 

a) Tinnitus subjects show higher mean values in their temporal alpha power and 

lower mean values in their temporal delta power after each training session 

(post) than before the training session (pre). 

b) The development of tinnitus subjects’ post alpha power across all sessions is 

best plotted by a monotonously increasing trend, whereas the development of 

post delta power is best plotted by a monotonously decreasing trend. 

 

 

Reduction of tinnitus-related impairment: 

 

As tinnitus is a subjective phenomenon, a measure of improvement concerning a) 

subjective loudness of tinnitus, as well as b) tinnitus-related distress, is needed.  

 

a) Reduction of subjective tinnitus intensity: 

 

Dohrmann (2007) employed a tinnitus intensity matching to capture the subjective 

loudness of the tinnitus. In this study the same procedure was applied (see section 

2.2.3 for details), as it appeared to be an eligible measure of changes in tinnitus. If 

the neural correlate of tinnitus can sufficiently be described by abnormal activity in 

the alpha and delta frequency bands, an enhancement of temporal alpha power as 

well as a reduction of temporal delta power should lead to a reduction of the 

subjective loudness of the tinnitus. The reduction is proposed to increase with the 

degree of normalization of power in alpha and delta frequency bands. 

 

Hypothesis 2: 

 

a) The mean values of subjective tinnitus intensity are lower after each training 

session (post) than before the training session (pre). 
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b) The development of subjective tinnitus intensity after training across all 

sessions is best plotted by a monotonously decreasing trend. 

c) A negative relation exists between normalization of temporal alpha and delta 

power and subjective tinnitus intensity: the more alpha power is increased and 

delta power is decreased, the lower the value of subjective tinnitus intensity. 

 

 

b) Reduction of tinnitus-related distress: 

 

Tinnitus-related distress in the present study was measured with the Tinnitus 

Questionnaire (“Tinnitus-Fragebogen”, Goebel & Hiller, 1998, see section 2.2.2 for 

details). The TF is applied in this study since it is a commonly used instrument to 

assess changes in tinnitus-related distress. Hence, it is suited well to evaluate the 

effects of the Neurofeedback therapy on tinnitus-related distress. Because a 

normalization of temporal alpha and delta power is supposed to be associated with 

an alleviation of tinnitus, tinnitus-related distress is proposed to be reduced with 

increasing normalization of alpha and delta power. 

 

Hypothesis 3: 

 

a) Tinnitus-related distress will be lower at the end of the Neurofeedback training 

(session 10) in comparison to the anamnesis. 

b) The development of tinnitus-related distress across all sessions is best plotted 

by a monotonously decreasing trend. 

c) Normalization of alpha and delta power is negatively associated with tinnitus-

related distress after Neurofeedback training: the more alpha power is 

increased and delta power is decreased, the lower the tinnitus-related distress. 

 

 

Signal space vs. source space Neurofeedback: 

 

In the present study a source montage of the EEG data was conducted, since it is 

a more focal and thus more exact measure in comparison to the signal space 

montage applied by Dohrmann (2007). Using a source montage, it can be proved 
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that the activity to be measured is really derived from temporal sources and not 

from other sources. Thus, Neurofeedback training will be more efficient, because 

subjects will be able to exclusively train the temporal sources in which the abnormal 

alpha and delta activity is supposed to be greatest. 

The results of source space Neurofeedback are compared to those of signal 

space Neurofeedback (Dohrmann 2007).  

 

Hypothesis 4: 

 

a) The application of a source montage improves Neurofeedback therapy in 

chronic tinnitus subjects. Hence, the normalization of power in the alpha and 

delta frequency bands is proposed to be greater in tinnitus subjects 

participating in source space Neurofeedback than in tinnitus subjects 

participating in signal space Neurofeedback. 

b) Subjective tinnitus intensity is proposed to be reduced to a greater extend in 

tinnitus subjects participating in source space Neurofeedback than in tinnitus 

subjects participating in signal space Neurofeedback. 

c) Tinnitus-related distress is proposed to be reduced to a greater extend in 

tinnitus subjects participating in source space Neurofeedback than in tinnitus 

subjects participating in signal space Neurofeedback. 
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2. Methods and Materials 

2.1 Participants 

 

Ten tinnitus subjects (six males and four females) suffering from chronic tinnitus 

participated in the study. Mean age was 47.9 years (standard deviation: +/  13.70, 

range 23 – 63), mean tinnitus duration was 5.2 years (standard deviation: +/  4.47, 

range 0.5 – 14). Six of the participants experienced bilateral and four unilateral 

tinnitus (one left sided, three right sided). Subjects were recruited by an 

advertisement in the local newspaper searching for tinnitus sufferers, postings at the 

University of Konstanz or have already been on a waiting list. They were first 

contacted via e-mail or telephone and invited for an anamnesis to the Centre of 

Psychiatry Reichenau (ZPR). After checking if the inclusion criteria were met, the 

beginning date of the Neurofeedback training was scheduled. All participants were 

fully informed about the experimental procedure, which was in accordance with the 

Ethical Committee of the University of Konstanz and signed a consent form prior to 

the experiment. All subjects agreed to attend ten Neurofeedback sessions dispersed 

across four weeks.  

Table 1 shows a summary of tinnitus and audiometry related information of 

participants of source space as well as of signal space Neurofeedback (Dohrmann, 

2007). 
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Table 1. Demographic and clinical aspects of tinnitus subjects in source space and signal space NFB. 

 Source Space NFB 

(n = 10) 

Signal Space NFB 

(n=11) 

 

Age (years) 

Mean (se) 

min - max 

 

 

 

47.9 (4.34) 

23 - 63 

 

 

 

50.9 (3.10) 

35 - 62 

 

Gender  

male 

female 

 

 

 

6 

4 

 

 

8 

3 

 

Tinnitus duration (years) 

Mean (se) 

min - max 

 

 

 

5.2 (1.41) 

0.5 - 14 

 

 

10.5 (2.89) 

4 - 37 

 

Tinnitus intensity (dB HL) 

Mean (se) 

min/max 

 

 

 

23.45 (4.72) 

2.4 - 43.35 

 

 

29.2 (2.73) 

12 - 43 

 

Tinnitus location 

right 

left 

bilateral 

 

 

 

3 

1 

6 

 

 

7 

2 

2 

 

Tinnitus-related distress (TF) 

Mean (se) 

min/max 

 

 

 

25.1 (4.22) 

13.4 - 45.4 

 

 

25.1 (5.31) 

6 - 69 

 

Etiology 

Sudden hearing loss 

Otitis media 

Acoustic trauma 

unknown 

 

 

 

2  

0 

1 

7 

 

 

4 

1 

1 

5 
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2.2 Measuring instruments 

2.2.1 Anamnesis 

 

During the diagnostic interview demographic information as well as information 

concerning the onset and the presumed cause of the tinnitus were gathered using a 

semi-structured Anamnesis Questionnaire (see Appendix B). Moreover, the German 

version of the Tinnitus Questionnaire (“Tinnitus Fragebogen” (TF), Goebel & Hiller, 

1998; adapted from the Tinnitus Questionnaire by Hallam, Jakes, & Hinchcliffe, 

1988), Beck’s Depression Inventory (Beck, 1995) and a questionnaire measuring the 

individual hypersensitivity of sounds (Geräuschüberempfindlichkeitsfragebogen, 

GÜF, Nelting, & Finlayson, 2004) were completed. The theoretical background as 

well as the procedure of the Neurofeedback were explained and the tinnitus subjects 

were encouraged to ask questions if anything remained unclear. After the diagnostic 

interview the subjective loudness of the tinnitus was measured using the tinnitus 

intensity matching procedure (see section 2.2.3). 

 

2.2.2 Tinnitus Questionnaire 

 

The Tinnitus Questionnaire (Tinnitus Fragebogen, TF) was originally developed 

by Hallam, Jakes, and Hinchcliffe in 1988 and represents a standard questionnaire 

for the assessment of tinnitus-related distress. A German version is available from 

Goebel and Hiller (1998). As the experience of tinnitus cannot be specified 

adequately by capturing only psychoacoustical information, like intensity or 

frequency, a measure of tinnitus related distress has to be applied as well. The TF is 

applied in clinical settings as well as in empirical research (Goebel & Hiller, 1998).   

The Questionnaire consists of 52 self-report items with three alternative response 

options respectively (true - partly true - not true). Via factor analyses five dimensions 

could be identified (Goebel & Hiller, 1998):  

 

• Emotional (E) and cognitive (C) distress (= psychological distress) 

• Intrusiveness (I) 

• Auditory perceptual difficulties (A) 

• Sleep disturbances (Sl) 

• Somatic complaints (So) 
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A total value can be calculated by adding the scores of each scale representing 

the severity of the overall tinnitus-related distress (0-84). Based on a clinical sample 

of outpatient tinnitus subjects Goebel and Hiller (1998) divided the TF results in 

standardized quartiles:  

 

minor distress:   0-26 

moderate distress:  27-40 

severe distress:  41-53 

very severe distress: 54-84 

 

The overall TF reliability is high with a Pearson’s product-moment correlation 

coefficient for the test-retest reliability of .94 and a Cronbach’s alpha of .94 for the 

test-retest reliability. 

The TF was applied in this study since it is a commonly used instrument in 

Germany to assess changes in tinnitus related distress. The TF was completed 

during the anamnesis and at Neurofeedback sessions 1, 4, 7, and 10. Hence, it is 

well suited to evaluate the effects of Neurofeedback therapy on tinnitus related 

distress. 

 

2.2.3 Tinnitus intensity matching 

 

The subjective loudness of tinnitus was measured each time before and after 

Neurofeedback training to acquire a psychoacoustical measure of tinnitus in addition 

to measures of tinnitus-related distress and synchronous cortical spontaneous 

activity.  

According to Norena et al. (2002) there are two main ways to estimate the tinnitus 

loudness: a) using a loudness matching with an external sound or b) using a rating of 

the subjective loudness (Norena et al., 2002; for an overview of psychoacoustic 

measures of tinnitus see Henry & Meikle, 2000). In the present study the first 

approach was implemented.  

The basic procedure was to adjust the loudness of a sound until the tinnitus 

subject has the impression that it resembles his / her perceived tinnitus loudness. 

The measure was conducted in a sound-attenuated room using a clinical audiometer 

(AC40 Clinical Audiometer, Interacoustics A/S) and TDH 39p headphones 
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(Telephonics). First the hearing threshold in dB hearing level (HL) at a frequency of 

1000 Hz was measured in the tinnitus-affected ear(s) by presenting a 1000 Hz sinus 

tone to the tinnitus subject starting at 0 dB HL. The loudness of the tone was 

changed in 5 dB steps until the tinnitus subject signaled that he / she could hear the 

tone. After detecting the tone for the first time a reduction in 1 dB steps was carried 

out until the subject did not hear the tone any more. The dB value was raised again 

until the subject signaled to hear the tone again. Finally this value was noted as 

hearing threshold. Afterwards the subjective loudness of the tinnitus was measured. 

Thus, the 1000 Hz tone was presented again for 3 seconds with the loudness of the 

before acquired hearing threshold and raised in 2 dB steps. The subject was told to 

report as soon as the loudness of the tone would match the perceived loudness of 

the tinnitus. If the subject reported the loudness of the tone to be similar to his / her 

tinnitus, the tones 1 dB above and 1 dB below the reported loudness were presented 

for comparison and the subject was asked, which of the presented tones matched 

the perceived tinnitus loudness best. Finally this value was recorded. The tinnitus 

subject was not informed about the value and thus was blind for the measurement.  

The majority of participants criticized this procedure as they reported the 1000 Hz 

tone to differ from their tinnitus to a great extend (especially if the tinnitus was noise-

like), which made it very difficult for them to compare their tinnitus to the presented 

tone. Norena et al. (2006) describe the matches between a pure tone and the tinnitus 

of a person as highly variable over time within subjects. Trying to standardize this 

procedure a 1000 Hz tone was used as a comparison value every time with each 

subject, although this might have caused some difficulties for the subjects (for further 

discussion of this problem see section 4.2).  

 

 

2.3 Neurofeedback Procedure 

 

Preparation  

 

At the beginning of each session an electrode cap („Easy Cap“, FMS, Gräfelfing, 

www.easycap.de), containing appliances for 30 electrodes, was placed centrally on 

the subject’s head. Thirty-two ring-shaped sintered silver-silver-chloride electrodes 
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were positioned on the scalp / skin according to the international 10 / 20 system 

(Jasper, 1958). The EEG signals were acquired employing a NeuroPrax DC-EEG 

amplifier, which is a product of the neuroConn© company (neuroConn GmbH, 

Illmenau, Germany). The ground electrode was placed on the cheek. The averaged 

signal of all electrodes was used as the common reference. Raw data was corrected 

for vertical (recorded above and below the left eye) and horizontal (recorded at the 

outer canthi of both eyes) eye-movements using the surrogate model (Berg & 

Scherg, 1994). The intersection impedances between the electrodes and the skin / 

scalp were reduced by using an abrasive gel (Abralyt HiCL), which was either applied 

directly on the face electrodes or injected into the electrodes on the electrode cap.  

After preparation the tinnitus subject was seated in the laboratory for the 

Neurofeedback training. All EEG data were collected under controlled conditions with 

the tinnitus subject sitting comfortably in an upright position in an armchair in a 

sound-attenuated, electrically shielded room which only contains a computer display 

(Dell precision 390). The tinnitus subject was positioned exactly 88 cm away from the 

display. To approximate the impedances the DC-component of the signal was 

checked for stability over time. Furthermore, an eye artifact calibration was 

accomplished each time before starting the training.  

 

The EEG baseline measurement 

 

The baseline of the synchronous cortical spontaneous activity (SCSA) was 

measured for four minutes each time before (pre) and after (post) the training and 

represents one of the dependent variables of this study. For this procedure the 

tinnitus subjects were asked to avoid body movements and blinking as far as 

possible.  

 

The Neurofeedback training 

 

The Neurofeedback training consisted of ten sessions allocated over the course 

of four weeks (two to three times a week, ideally in a two-day interval). The training 

lasted 30 minutes, which the tinnitus subjects could distribute individually (e.g., 2x15 

minutes, 3x10 minutes or 6x5 minutes). At the beginning and the end of each session 
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the subjective intensity of the tinnitus as well as the baseline of the SCSA was 

measured. 

The Neurofeedback training was conducted with a special software written by 

Thomas Hartmann. In the training the tinnitus subject was presented a background 

picture on a computer display. In this picture four quadrants were displayed, each 

quadrant representing positive and negative deviances of alpha and delta activity, 

respectively, with regard to the baseline measure. The abscissa represents the 

amount of delta power with little amounts on the right hand side and great amounts 

on the left hand side. The ordinate displays the amount of alpha power with little 

amounts close to the origin and greater amounts with increasing distance from the 

origin (see Figure 11). Once the training started, a ball appeared on the display, 

which moved along the ordinate and the abscissa according to the tinnitus subjects’ 

alpha and delta power. The ball movements should hence be used as a feedback 

cue by the tinnitus subject to influence his / her cortical activity in the desired 

direction.  

 

 

 

 

 

 
Figure 11. Computer display for the Neurofeedback training with axes of coordinates representing 
alpha and delta power and a ball as feedback cue. 

 - 

 + 

Feedback cue 
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Figure 12. Tinnitus subject during training watching the ball on the monitor. The subject is supposed 
to move the ball into the right upper quadrant, which implies an enhancement of alpha and a reduction 
of delta power. 
 

In the first training session subjects were told to move the ball into the right upper 

quadrant, which implies an enhancement of alpha power and a reduction of delta 

power (see Figure 11). Furthermore the subjects were requested to monitor, which 

thoughts, feelings or body states may help to influence the ball in the desired 

direction. As it is quite difficult to manipulate one’s own cortical activity, especially for 

someone who does not have any knowledge about the basic principals of processes 

in the brain, the tinnitus subjects were offered some examples what they might do to 

influence their alpha and delta power (e.g., positive thoughts, relaxation). A problem 

arising by giving these examples is that no one really knows what exactly the subject 

has to do to change his / her SCSA and there may also be great individual 

differences. Hence, the tinnitus subject had to find out on his / her own by 

experiencing the training (for further discussion of this problem see section 4.6).  

 

 

2.4 EEG data acquisition and processing 

 

EEG data recording was carried out in a sound-attenuated room using a 32-

channel EEG system. The data were transferred to Matlab® 7.3.0 (R 2006b) and 

were lowpass-filtered with a cutoff-frequency of 30 Hz.  
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The surface EEG was transformed into brain source activity, using a source 

montage (Schlee, 2006), consisting of eight regional sources (oriented into three 

directions respectively): one in the left and one in the right temporal plane 

(approximately at the location of the respective Heschl’s gyri), one in the left and one 

in the right prefrontal area, one in the left and one in the right parietal lobe, one in the 

middle posterior region, and one located medially approximately between the parietal 

and the prefrontal sources (Schlee, 2006). The same source montage was used for 

all subjects. The montage is illustrated in Figure 13 and the precise locations of the 

sources are specified in Appendix C. 

 

 

 

Figure 13. Illustration of the source montage used in this study (Schlee, 2006) 

 

Amplitudes of the eight sources were calculated using a Fast Fourier 

transformation (FFT). The FFT decomposes time-varying signals to frequency space 

by means of the mathematical theorem of Fourier as each time series can be 

described as a superposition of elementary sine and cosine waves. The total set 

provides the power spectrum of the signal (Rösler, 2005). The epochs of the FFT 

consisted of 128 data points. Before applying the FFT 200 ms of the data were 

subtracted from each block’s start to avoid an offset response. The power in the 

frequency bands is an indicator of the activity of the captured cell assemblies. After 

calculation of amplitudes of the SCSA, frequency bands were defined as follows:  

 

delta: 0 – 4 Hz  

theta: 4 – 8 Hz 

alpha: 8 – 12 Hz 

beta: 12 – 16 Hz 

gamma: > 16 Hz 
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For this study only the power in the alpha and delta frequency bands as well as the 

power of the alpha/delta quotient (ADQ) was of interest.  

 

2.5 Experimental design 

 

In the present study a within-subject design with repeated measures was 

employed. The dependent variables were: 

 

• EEG alpha and delta power, 

• subjective tinnitus intensity, 

• tinnitus-related distress. 

 

The independent variables were: 

 

• time of recording (pre vs. post), 

• session (1 to 10), 

• source location, 

• Neurofeedback group (signal space vs. source space). 

 

2.6 Statistical Analyses 

 

Statistical analyses were conducted using the statistical software R (http://www.r-

project.org) version 2.5.0 as well as the statistical software SPSS, version 13.0 for 

windows (SPSS Inc.).  

Data from all sources were tested for violation of the normality assumption with 

the Shapiro-Wilk test. Non-parametric statistical analyses were used when 

appropriate.  

 

a) EEG alpha and delta power 

 

EEG alpha and delta power parameters were measured each time before and 

after the training using a four-minute baseline measurement. “Pre”-values refer to the 
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baseline measurement before training, “post”-values refer to the baseline 

measurement after training. The alpha/delta quotient (ADQ) is computed by dividing 

alpha power by delta power, thus power in both frequency bands can be considered 

simultaneously. 

The values of alpha power as well as the values of ADQ were not normally 

distributed (Shaprio-Wilk-test: p < .05 (alpha), p < .01 (ADQ)), thus non-parametric 

tests, i.e., Wilcoxon signed rank test, Wilcoxon rank sum test, and Spearman’s rho 

rank correlation, were applied for statistical calculations. Values of delta power were 

normally distributed, therefore analyses considering delta values exclusively were 

performed with t-tests.  

Since preceding studies showed that the learning effect within one session was 

greater than between sessions (e.g., Dohrmann 2007; Schenk et al. 2003; Gosepath 

2001) the present study did not compare the first training session’s pre values to the 

last training session’s post values (as in Dohrmann, 2007). Instead, mean values and 

median values of alpha, delta, and ADQ were separately computed across all training 

sessions for pre and post, respectively. The difference of mean pre and post values 

was tested for significance using paired t-tests in case of delta and Wilcoxon signed 

ranks tests in case of alpha and ADQ (Hypothesis 1a).  

To test for a learning effect between sessions the existence of a monotonously5 

increasing (alpha, ADQ) or decreasing (delta) trend after training was examined with 

Wilcoxon signed rank tests (alpha, ADQ) and paired t-tests (delta) between sessions 

(Hypothesis 1b).  

“Training success” was demonstrated by computing a post/pre quotient for alpha, 

delta and ADQ, which represents the change ratio. Since alpha power and ADQ were 

hypothesized to be increased by means of Neurofeedback, a value above 1 reflects 

training success. Delta was proposed to decrease, thus, a value below 1 reflects 

training success. Change ratios are reported as percentage value of training 

success. 

 

 

 

 

                                            
5 The dependent variable “sessions” could not be distributed equidistant with all tinnitus subjects due 
to organisational circumstances (which would be a prerequisite for computing quantitative trends). 
Hence, qualitative trends were calculated instead.  
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b) Subjective tinnitus intensity 

 

Subjective tinnitus intensity was gathered each time before (pre) and after (post) 

training using the tinnitus intensity measurement. Mean pre and post values were 

computed across all sessions and their difference was tested for significance with 

paired t-tests (Hypothesis 2a).  

The existence of a monotonously decreasing trend of tinnitus intensity after 

training was examined with paired t-tests between sessions (Hypothesis 2b). 

A post/pre ratio was computed representing the relative change of tinnitus 

intensity. Values below 1 reflect a reduction of tinnitus intensity. 

To test for a relation between normalized alpha and delta power and tinnitus 

intensity after training, ADQ ratios were correlated with ratios of tinnitus intensity 

(Hypothesis 2c). Spearman’s rho rank correlation was computed and tested for 

significance because ratio values were not normally distributed.   

 

c) Tinnitus-related distress 

 

Tinnitus-related distress was measured with the TF. Mean TF scores were 

computed for the anamnesis (pre) and session 10 (post) and tested for significant 

differences (Hypothesis 3a) with paired t-tests. 

The existence of a monotonously decreasing trend of tinnitus-related distress was 

examined with paired t-tests between anamnesis, and sessions 1, 4, 7, and 10 

(Hypothesis 3b). 

Again, a post/pre distress ratio was computed representing the relative change of 

tinnitus-related distress. Values below 1 reflect a reduction of distress. 

To test for correlations between normalized alpha and delta power and tinnitus-

related distress, ADQ ratios were correlated with distress ratios (Hypothesis 3c). 

Spearman’s rho rank correlation was computed and tested for significance since ratio 

values were not normally distributed. 
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d) Group comparison: Signal space vs. source space Neurofeedback 

 

The results of the present study were compared to those of a preceding 

Neurofeedback study (Dohrmann, 20076) regarding normalization of frequency 

bands, as well as reduction of tinnitus intensity and tinnitus-related distress. For the 

comparison between signal and source space Neurofeedback values of alpha and 

delta power in source space Neurofeedback were computed differently. The power of 

all sources was included, since no information was available about any specific 

sources in which activity was measured in signal space Neurofeedback, due to lack 

of a source montage. Because of technically different methods of measuring cortical 

activity, there was no homogeneity of variances between the Neurofeedback groups. 

Hence, mean change ratios were used for group comparison. Dohrmann (2007) 

computed change ratios of ADQ as well as of tinnitus intensity by dividing the value 

assessed after the last session (post 10) by the value measured before the first 

session (pre 1); for this reason, change ratios of the present study were computed in 

the same manner for corresponding analyses between the two Neurofeedback 

groups.  

Group differences in mean change ratios of alpha, delta, ADQ, and tinnitus 

intensity were tested for significance with Wilcoxon rank sum tests (Hypothesis 4a 

and 4b). Ratios of tinnitus-related distress were normally distributed, therefore group 

comparisons were conducted with the Welch two sample t-test (Hypothesis 4c). 

Due to small sample sizes in both signal and source space Neurofeedback 

groups, non-parametric chi-squared tests were further computed for both 

Neurofeedback groups, to analyze if the observed frequency of subjects who were 

able to normalize alpha and delta power simultaneously differed significantly from the 

expected frequency. Tinnitus subjects were classified according to training success 

into a two-by-two table, consisting of: 

 

 alpha enhancement alpha reduction 
 

delta enhancement 
 

a b 

delta reduction c d 

 

                                            
6 Only subjects of the alpha/delta group were included in data analyses, since alpha as well as delta 
power was fed back; hence both groups fulfilled the same premises. 
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e) Further analyses 

 

After the first six subjects had completed Neurofeedback training, some technical 

changes were conducted. As the majority of subjects had complained about limited 

movement of the feedback cue, the feedback was changed from absolute to relative 

power. Further technical changes enabled the experimenter to adjust the feedback 

cue in a manner to make it more sensitive to changes in power. The last four 

subjects participated in this adapted training. To examine if these technical changes 

yielded better results, subjects were divided into two groups. Group 1 (“original 

training”) consisted of subjects 1 to 6; group 2 (“adapted training”) included subjects 

7 to 10. These groups were contrasted regarding normalization of frequency bands. 

Mean values of alpha and delta power of group 1 and group 2 were tested for 

significant differences with Wilcoxon rank sum tests.  

 

The level of significance was predisposed at 5% in all analyses and one-sided 

significance tests were conducted, since all hypotheses were formulated uni-

directionally. 
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3. Results 

3.1 Normalizing EEG alpha and delta power 

 

To test Hypothesis 1 it was assessed whether tinnitus subjects (n=10) were able 

to normalize power in their temporal alpha and delta frequency bands.  

The median of tinnitus subjects’ left temporal alpha power was higher after 

training (median = 1.18) than before training (median = 1.05). This enhancement is 

statistically significant (Wilcoxon signed rank test: V = 10, p < .05). The effect size is  

r = .40.  

 

 

Figure 14. Mean alpha power before and after training (error bars indicate 1 SE, asterisk indicates 
significance with p < .05).  

 

Regarding left temporal delta power, tinnitus subjects showed lower mean values 

after training (M = 25.06) than before training (M = 24.32). This reduction is 

statistically significant (paired t-test: t(9) = 1.90, p < .05) with an effect size of d = .60. 
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Figure 15. Mean delta power before and after training (error bars indicate 1 SE, asterisk indicates 
significance with p < .05).  

 

The ADQ was enhanced from pre (median = 0.04) to post (median = 0.05). This 

enhancement is statistically significant (Wilcoxon signed rank test: V = 9, p < .05), 

with an effect size of r = .42. 

 

 

Figure 16. Mean ADQ before and after training (error bars indicate 1 SE, asterisk indicates 
significance with p < .05).  
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Training success was 8.09% for alpha, 2.22% for delta and 12.39% for ADQ (left 

temporal source). 

 

Table 2. Pre and post values of left temporal alpha power, delta power, and ADQ. 

 

 Alpha pre Alpha post Delta pre Delta post ADQ pre ADQ post 

N 10 10 10 10 10 10 

Median 1.05 1.18 26.07 24.05 0.04 0.05 

Mean 1.76 1.91 25.06 24.32 0.08 0.08 

min-max 0.70 - 5.30 0.61 - 5.48 20.33 – 28.33 19.36 - 28.20 0.03 - 0.26 0.02 - 0.27 

SD 1.48 1.58 2.54 2.93 0.07 0.08 

SE 0.47 0.50 0.80 0.94 0.02 0.03 

 

There were no significant differences between pre and post values in right 

temporal power, neither in the alpha (V = 31, p > .05) nor in the delta (t = -0.24,  

p > .05) frequency band. Hence, hypothesis 1a was only partially supported, 

inasmuch as subjects were only able to normalize left temporal alpha and delta 

power. 

 

      

Figure 17. Mean right temporal alpha and delta power before and after training (error bars indicate 1 
SE).  

 

Significant changes in alpha as well as in delta power were also detected in the 

frontocentral source. Alpha power was increased significantly from pre  

(median = 1.50) to post (median = 1.86) measurement (Wilcoxon signed rank test:  

V = 10, p < .01). Delta power was lower after training (M = 22.04) than before training 
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(M = 23.42) (paired t-test: t(9) = 3.01, p < .01). ADQ was increased significantly from 

pre (median = 0.06) to post (median = 0.09) measurement (Wilcoxon signed rank 

test: V = 8, p < .05). 

 

      

Figure 18. Mean frontocentral alpha and delta power before and after training (error bars indicate  
1 SE, asterisks indicate significance with p < .01).  

 

There were no further significant changes of alpha and delta power in any other 

source (see Appendix D for detailed values of other sources). 

 

A potential learning effect across all sessions was examined by testing the 

existence of a monotonously increasing trend after training for values of alpha power 

and a monotonously decreasing trend after training for values of delta power. Thus, 

multiple Wilcoxon signed rank tests were computed for post alpha and post delta 

power values between sessions. However, the development of alpha and delta 

power after training does neither correspond to a monotonously increasing trend for 

alpha power nor to a monotonously decreasing trend for delta power. Hence, the 

assumption of a learning effect between sessions could not be validated and 

hypothesis 1b gained no support.  
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Figure 19. Development of alpha power distributed across all sessions.  

 

 

Figure 20. Development of delta power distributed across all sessions.  

 

3.2 Reduction of subjective tinnitus intensity 

 

To test hypothesis 2 it was assessed whether subjective tinnitus intensity could 

be reduced by means of Neurofeedback. Therefore the mean subjective tinnitus 

intensity before training sessions was compared to the mean subjective tinnitus 

intensity after training sessions. Tinnitus subjects showed significantly lower mean 
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intensity values after training (M = 22.91) than before training (M = 23.95) (paired  

t-test: t(9) = 3.04, p < .01), with an effect size of d= .96. Mean tinnitus intensity was 

reduced about 11%. Hence, data yield support for hypothesis 2a. 

 

 

Figure 21. Mean tinnitus intensity before and after training (error bars indicate 1 SE, asterisk indicates 
significance with p < .05).  
 

 

Table 3. Pre and post values of mean tinnitus intensity. 

 intensity pre intensity post 

N 10 10 

median 25.9 23.95 

mean 23.95 22.91 

min - max 2.9 - 43.8 1.9 - 42.9 

SD 14.71 15.01 

SE 4.65 4.76 

 

Tinnitus intensity data was tested for existence of a monotonously decreasing 

trend after training across sessions by computing multiple t-tests between sessions. 

However, the data did not correspond to a monotonously decreasing trend; therefore 

hypothesis 2b was not supported. Though, a considerable reduction of tinnitus 

intensity after training was observed from the first session (M = 25.25) to the fifth 

session (M = 22.15), which was significant (paired t-test: t(9) = 3.0, p < .01). There 

was no further significant reduction of intensity between the fifth and the last session 

(p > .05).   
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Figure 22. Development of tinnitus intensity distributed across all sessions. 

 

A negative relationship between normalization of alpha and delta power and 

tinnitus intensity was proposed, thus, the correlation between the change ratios of 

ADQ and tinnitus intensity was computed and tested for significance. A correlation of 

r = -.18 (Spearman’s rho) was revealed, but failed to reach significance (Spearman’s 

rho rank correlation: S = 194, p > .05). Single correlation tests between reduction of 

tinnitus intensity and alpha enhancement or delta reduction, respectively, also did not 

reach significance (p > .05). 

 

 

Figure 23. Correlation between change ratios of ADQ and tinnitus intensity. 
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To sum up, subjective tinnitus intensity was reduced during the training; thus, 

intensity was lower after training than before. However, there was no significant 

reduction of tinnitus intensity across all sessions. Although a higher value of the ADQ 

is accompanied by a lower value of tinnitus intensity, the correlation did not reach 

significance, therefore, hypothesis 2c was only partially supported. 

 

 

3.3 Reduction of tinnitus-related distress 

 

Tinnitus-related distress was examined to test the third hypothesis. For this 

reason, mean TF scores gathered during anamnesis (pre) were compared to mean 

TF scores gathered after session 10 (post). Hypothesis 3a was supported, since 

tinnitus subjects showed significantly lower mean values after Neurofeedback 

training (M = 29.3) than before training (M = 22.1) (paired t-test: t(9) = 3.99, p < .01), 

with an effect size of d = 1.26. Tinnitus-related distress was reduced by 27%. 

 

 

Figure 24. Mean TF scores before and after training (error bars indicate 1 SE, asterisks indicate 
significance with p < .01).  
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Table 4. Pre and post values of tinnitus-related distress. 

 TF anamnesis TF session 10 

N 10 10 

median 25 16 

mean 29.30 22.10 

min - max 14 - 45 8 - 42 

SD 11.45 12.97 

SE 3.62 4.10 

 

TF data was also examined for the existence of a monotonously decreasing 

trend. Although TF scores were mainly reduced between anamnesis (M = 29.30), 

session 1 (M = 24.6), session 4 (M = 23.6), session 7 (M = 25.97), and session 10  

(M = 22.1), significant differences could only be revealed between anamnesis and 

session 1 (p < .05), and a trend could be identified between session 7 and session 10 

(p = .06). Therefore, hypothesis 2c was only partially supported. 

 

 

 

Figure 25. Development of TF scores distributed across all sessions training (error bars indicate +/- 1 
SE, asterisk indicates significance with p < .05).  
 

A negative relationship between normalization of alpha and delta power and 

tinnitus-related distress was proposed. Thus, the correlation between the ratio of 

                                            
7 Mean TF value after session 7 was enhanced by one outlier, whose tinnitus intensity was strongly 
increased between sessions 5 and 8 and lead to great distress. The mean value without the outlier 
would be M = 22.4. 
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ADQ and tinnitus-related distress was computed and tested for significance. A 

correlation coefficient of r = -.33 was revealed (Spearman’s rho), but the correlation 

test failed to reach significance (Spearman’s rho rank correlation: S = 219.16,  

p > .05). Single correlation tests between reduction of tinnitus-related distress and 

alpha enhancement or delta reduction, respectively, also did not reach significance  

(p > .05). 

 

 

Figure 26. Correlation between change ratios of ADQ and tinnitus-related distress. 

 

In general tinnitus-related distress was reduced over the course of the training. 

Thus, distress was lower after the training than before. However, there was no 

significant reduction of distress across all sessions, in which the TF was conducted. 

Although a higher value of the ADQ is accompanied by a lower value of tinnitus-

related distress, the correlation test failed to reach significance and therefore 

hypothesis 3c was only partially supported. 

 

 

3.4 Group comparison: Signal space vs. source space Neurofeedback 

 

Participants of the two Neurofeedback groups did not differ significantly regarding 

age or gender. Mean tinnitus duration was considerably, albeit not significantly  
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(p = .06) higher in signal space Neurofeedback (M = 10.45) than in source space 

Neurofeedback (M = 5.2). 

 

 

3.4.1 Normalizing EEG alpha and delta power 

 

Training success (change ratio) was computed by dividing alpha and delta power 

after the last session (post 10) by alpha and delta power before the first session (pre 

1) (see statistical analyses). One subject of source space Neurofeedback had to be 

excluded from data analyses of alpha and ADQ due to a very low value of alpha 

power before the first session and a normal value after the last session, which lead to 

an eminent large change ratio and would have distorted data. 

Change ratios of alpha, delta, and ADQ were not normally distributed (Shapiro-

Wilk-test p < .05), hence Wilcoxon rank sum tests were used for group comparisons. 

The median change ratio of alpha power in source space Neurofeedback was 

slightly higher (median = 1.48) than in signal space Neurofeedback (median = 1.35). 

However, this difference was not significant (Wilcoxon rank sum test: W= 53,  

p > .05). Training success regarding alpha power was 79% enhancement in source 

space Neurofeedback and 51% enhancement in signal space Neurofeedback. 

The median change ratio of delta power was marginally lower in source  

space Neurofeedback (median = 0.90) than in signal space Neurofeedback  

(median = 1.04), though the difference was not significant (Wilcoxon rank sum test: 

W = 54, p > .05). Training success regarding delta power amounts to 7% reduction in 

source space Neurofeedback and to 0.4% enhancement in signal space 

Neurofeedback. 

The median change ratio of ADQ was higher in source space Neurofeedback 

(median = 1.80) than in signal space Neurofeedback (median = 1.34). However, this 

difference was not significant (Wilcoxon rank sum test: W = 47, p > .05). 
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Figure 27. Comparison between mean change ratios of alpha power, delta power, and ADQ in source 
space and in signal space Neurofeedback. 
 

 

Table 5. Change ratios of alpha, delta, and ADQ in source space and in signal space Neurofeedback. 

 Alpha Delta ADQ 

 source  

space  

signal 

space  

source  

space  

signal  

space  

source  

space  

signal 

space  

N 9 11 10 11 9 11 

median 1.48 1.35 0.90 1.04 1.80 1.34 

mean 1.79 1.51 0.93 1.04 2.20 1.69 

min - max 0.29 - 6.23 0.83 - 2.65 0.66 - 1.36 0.53 - 2.70 0.12 - 9.78 0.89 - 4.04 

SD 1.78 0.55 0.22 0.60 2.97 0.96 

SE 0.56 0.17 0.07 0.18 0.99 0.29 

 

Source space Neurofeedback only revealed marginally better results regarding 

enhancement of alpha power and reduction of delta power. Therefore hypothesis 4a 

could not be supported. 

 

The sample size of the two Neurofeedback groups was very small with n = 10 and 

n = 11, respectively. Hence, low statistical power may be an explanation for missing 

significant differences between groups. For this reason, chi-squared tests, which take 

into account the sample size, were further computed, to analyze if the observed 

frequency of alpha enhancement and concomitant delta reduction differed 

significantly from the expected frequency (see statistical analyses).   

Chi-squared tests revealed a significant difference in the frequency of occurrence 

of alpha enhancement and concomitant delta reduction from its expected frequency 
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in source space Neurofeedback (chi-squared-test:  = 10, p < .01). The effect size 

amounts phi = 1.0. 

No significant difference between observed and expected frequency of alpha 

enhancement and concomitant delta reduction could be revealed for signal space 

Neurofeedback (chi-squared-test:  = 1.32, p > .05). 

 

Source Space NFB   Signal Space NFB 

 

Figure 28. Percentage of change in alpha and delta power in source and in signal space NFB. 

 

 

Table 6. Observed frequencies of changes in alpha and delta power in source space NFB. 

 alpha enhancement alpha reduction row sum 

delta enhancement 0 2 2 

delta reduction 8 0 8 

column sum 8 2 n = 10 

 

 

Table 7. Observed frequencies of changes in alpha and delta power in signal space NFB. 

 alpha enhancement alpha reduction row sum 

delta enhancement 6 0 6 

delta reduction 4 1 5 

column sum 10 1 n = 11 
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3.4.2 Reduction of subjective tinnitus intensity 

 

Change ratios of tinnitus intensity were not normally distributed (Shapiro-Wilk-test 

p < .05); thus, Wilcoxon rank sum tests were used for group comparisons. Tinnitus 

intensity was reduced to a slightly greater extend in signal space Neurofeedback 

(median = 0.75) than in source space Neurofeedback (median = 0.81) (Figure 29). 

However, these differences were not significant (Wilcoxon rank sum test: W = 62,  

p > .05). In source space Neurofeedback tinnitus intensity was reduced by 22%, in 

signal space Neurofeedback tinnitus intensity was reduced by 38%.  

 

3.4.3 Reduction of tinnitus-related distress 

 

Tinnitus-related distress was reduced to a marginally greater extend in source 

space Neurofeedback (mean = 0.73) in comparison to signal space Neurofeedback 

(mean = 0.80), though, this difference was not significant (Welch Two Sample t-test: 

t(19) = 0.67, p > .05). Therefore, hypothesis 4c was not supported. 

In source space Neurofeedback the reduction of distress amounts to 27%; in 

signal space Neurofeedback the reduction of distress amounts to 20%. 

 

 

Figure 29. Reduction of tinnitus intensity and tinnitus-related distress in source space and in signal 
space Neurofeedback. 
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Table 8. Change ratios of tinnitus intensity and tinnitus-related distress in source space and in signal 
space Neurofeedback. 
 

 Tinnitus intensity Tinnitus-related distress 

 source space       signal space       source space       signal space       

N 10 11 10 11 

median 0.81 0.75 0.73 0.80 

mean 0.78 0.62 0.73 0.80 

min - max 0 - 1.46 0 - 1 0.38 - 1 0.38 - 1.33 

SD 0.40 0.35 0.23 0.26 

SE 0.13 0.11 0.07 0.08 

 

To sum up the results regarding the comparison between the two Neurofeedback 

groups, it can be stated that source space Neurofeedback tends to result in better 

findings. Mean change ratios are marginally greater regarding alpha power and are 

lower regarding delta power and tinnitus-related distress. However, none of the 

differences between the two training approaches were great enough to reach 

significance. 

 

 

3.5 Explorative analyses 

3.5.1 Correlation between alpha and delta 

 

Participants of the present study trained their alpha and delta power 

simultaneously but independently in a two-dimensional Neurofeedback protocol (see 

2.3). Thus, in comparison to signal space Neurofeedback, where the ADQ was fed 

back and hence alpha and delta power were trained equally, subjects in the present 

study should have been able to change alpha and delta independently. 

An interesting finding was a high correlation between left temporal alpha and 

delta power. A significant correlation between alpha and delta power was revealed 

with rho = -.75 (Spearman’s rho rank correlation: S = 288, p < .01). Thus, an 

enhancement of alpha power is mainly associated with a reduction of delta power 

(Figure 30), even when both frequency bands were trained independently on two 

axes.  
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Figure 30. Correlation between change ratios of alpha and delta power. 

 

3.5.2 Group comparison between “original training” and “adapted training” 

 

The participants of the present study were subdivided into two groups, group 1 

(“original training”) consisted of subjects 1 to 6, group 2 (“adapted training”) consisted 

of subjects 7 to 10 (see statistical analyses).   

First, alpha and delta power within groups were tested for significant differences 

before and after training. Subjects in group 2 attained an enhancement in alpha 

power from pre (median = 1.69) to post (median = 1.95) measurements. This 

enhancement is not significant on the 5% significance level, but can be regarded as a 

trend (Wilcoxon signed rank test: V = 0, p = .06). Enhancement of alpha power in 

group 1 was not significant (Wilcoxon signed rank test: V = 7, p > .10). 
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Figure 31. Comparison between group 1 and group 2 regarding enhancement of left temporal alpha 
power before and after training (error bars indicate +/- 1 SE). 
 

 

Table 9. Left temporal alpha power before and after training: group 1 vs. group 2. 

 group 1: pre group 1: post group 2: pre group 2: post 

N 6 6 4 4 

median 1.05 1.18 1.69 1.95 

mean 1.78 1.85 1.75 2.01 

min – max 0.70 - 5.30 0.61 - 5.48 0.74 - 2.86 0.74 - 3.40 

SD 1.78 1.84 1.13 1.36 

SE 0.73 0.75 0.57 0.68 

 

 

Group 2 was able to increase alpha power by 14%, group 1 increased alpha 

power by 4%. Comparing the change ratios of alpha power between groups, group 2 

yielded a marginally greater enhancement of alpha power (median = 1.11) than 

group 1 (median = 1.01). However, this difference was not statistically significant 

(Wilcoxon rank sum test: W = 9, p > .05). 

 

Regarding delta power, group 2 attained a reduction of delta power from pre 

(median = 24.52) to post (median = 23.44) measurements; this reduction could also 

be regarded as a trend (Wilxocon signed rank test: V = 10, p = .06). Reduction of 

delta power in group 1 was not significant (Wilcoxon signed rank test: V = 11, p > 

.10).  
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Figure 32. Comparison between group 1 and group 2 regarding reduction of delta power before and 
after training. 
 

 

Table 10. Delta power before and after training: group 1 vs. group 2. 

 

 group 1: pre group 1: post group 2: pre group 2: post 

N 6 6 4 4 

median 26.37 25.25 24.52 23.44 

mean 25.10 24.79 25.0 23.61 

min – max 20.33 - 27.38 20.42 - 27.41 22.62 - 28.33 19.36 - 28.20 

SD 2.73 2.62 2.65 3.63 

SE 0.75 0.72 1.33 1.82 

 

Group 2 was able to reduce delta power by 6%, group 1 reduced delta power by 

1%. Comparing the change ratios of delta power between groups, group 2 yielded a 

marginally greater reduction of delta power (median = 0.96) than group 1  

(median = 1.0). This difference was not statistically significant on the 5% significance 

level, but can be regarded as a trend (Wilcoxon rank sum test: W = 20, p = .06). 

Considering the small sample sizes, a p-value of .06 may still indicate a meaningful 

group difference. 
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4. Discussion 

4.1 Normalizing EEG alpha and delta power 

 

The central aim of the present study was to alleviate tinnitus intensity and tinnitus-

related distress by normalizing cortical spontaneous activity in temporal areas, which 

was accomplished by means of a Neurofeedback procedure. Participants were 

trained to learn and implement strategies to increase the auditory alpha rhythm (8-12 

Hz), as well as to decrease cortical slow wave activity in the delta frequency range 

(0.5-4 Hz). Both rhythms were demonstrated to be abnormally changed in tinnitus 

subjects (Weisz et al., 2005a). Based on a recent Neurofeedback study of Dohrmann 

(2007), a new Neurofeedback approach was implemented, therewith enabling 

subjects to train their alpha and delta power simultaneously in a two-dimensional 

feedback protocol. Moreover, a source space montage was conducted to see if this 

more precise method yields better results with respect to enhancement of alpha and 

reduction of delta power than the signal space montage applied in the preceding 

Neurofeedback study (Dohrmann, 2007). 

The results of the present study demonstrate that tinnitus subjects were able to 

increase left temporal alpha power and to decrease left temporal delta power 

significantly within training sessions. Effect sizes of .40 (alpha power) and .60 (delta 

power) correspond to medium effects according to Cohen (1988). Mean training 

success (change ratios of alpha, delta, and ADQ) over all sessions was, however, 

low with 8.09% enhancement of alpha, 2.22% reduction of delta, and 12.39% 

enhancement of ADQ (left temporal source).  

The results of the present study demonstrated that although tinnitus subjects 

were able to normalize their alpha and delta power within sessions, a learning effect 

between sessions could not be observed.  

The mentioned results of the present study only referred to changes in the left 

temporal source. Surprisingly, no significant changes in alpha or delta power could 

be observed in the right temporal source. This striking result is difficult to explain, 

however, there may be three reasons for missing significant differences in the right 

temporal source: First, in the present study lateralization effects may have influenced 

data, since right-sided tinnitus was dominant within the study sample (three out of ten 

subjects experienced right-sided tinnitus exclusively, three subjects with bilateral 
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tinnitus experienced dominant right-sided tinnitus). Several fMRI-based studies 

demonstrated abnormal asymmetries in cortical activation of lateralized tinnitus 

subjects in response to sounds (e.g., Melcher, Sigalovsky, Guinan, & Levine, 2000; 

Smits et al., 2007). Melcher et al. (2000) demonstrated that all right-lateralized 

tinnitus subjects showed abnormally low activation in the left inferior colliculus (IC) as 

compared to bilateral tinnitus subjects and healthy controls. In accordance with the 

results of Melcher et al. (2000) Smits et al. (2007) observed less activation of the 

primary auditory cortex (AI), the IC and the medial geniculate body (MGB) in the left 

temporal cortex of right-sided tinnitus subjects. 

According to Melcher et al. (2000) the abnormally low activity along the auditory 

pathways is consistent with previous findings of abnormally high levels of 

spontaneous neural activity along the auditory pathways (e.g., Chen & Jastreboff, 

1995; Eggermont & Kenmochi, 1998). Melcher et al. (2000) postulate a so-called 

“saturation model” (Figure 30), which assumes that - if the basic spontaneous neural 

activity is abnormally enhanced - any further increase in neural activity in response to 

sound cannot exceed a maximum. If in tinnitus subjects the sum of tinnitus-related 

activity and additional sound-related activity exceeded a maximum (neural activity 

saturates), fMRI activation would consequently be less than normal (Melcher et al., 

2000).  

 

Figure 33. Hypothetical relationship between neural activity and fMRI activation when a sound 
stimulus is presented for people without tinnitus (top) or with tinnitus (bottom). The heights of the bars 
on the left indicate the level of tinnitus-related activity, sound related activity, and total activity. The 
height of the black bar on the right indicates the level of fMRI activation, i.e., the difference in total 
neural activity between “sound-on” and “sound-off” conditions. For the case of tinnitus, fMRI activation 
is abnormally low, which may be a consequence of saturation (total neural activity cannot exceed a 
maximum level) (adapted from Melcher et al., 2000). 
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Melcher et al. (2000) hypothesized that any abnormal elevation in spontaneous 

neural activity in subjects with lateralized tinnitus is greater in the auditory structures 

contralateral to the tinnitus percept. The exclusive finding of left temporal 

normalization of EEG alpha and delta power in the present study may therefore be a 

result of lateralization effects due to a majority of dominant right-sided tinnitus 

subjects in the study sample size. Subjects of the present study did actually show 

more abnormal patterns regarding alpha and delta power in the left temporal source 

as compared to other sources (though the difference between right and left temporal 

sources was not statistically significant with p > .05). For this reason, Neurofeedback 

may have had a greater impact on the more abnormal left temporal cortical activity. 

   

Second, it was demonstrated that the left temporal cortex is involved in auditory 

attention processes to a greater extend than the right temporal cortex (e.g., Petkov, 

et al., 2004; Bidet-Caulet et al., 2007). Tinnitus subjects may have concentrated on 

listening to their tinnitus, especially during the baseline measurement after the 

training, to hear if the tinnitus percept had changed. On top of the usual activation in 

the left temporal source, an additional activation may have been induced by the 

subject’s attention shift to the tinnitus when judging whether or not the intensity had 

changed after the training session, thereby activating especially the left temporal 

lobe. Thus, cortical activity may have been greater in the left temporal source than in 

the right one. 

 

Third, the majority of participants reported to use silent linguistic strategies during 

the Neurofeedback training (e.g., praying or instructing the feedback cue to move to 

a certain direction). These silent dialogues may have increased activity in speech-

sensitive regions, which are predominantly found in the left temporal lobe.  

The restriction of normalization of EEG alpha and delta power on the left temporal 

source certainly requires further research.  

 

Another interesting finding was a significant enhancement of alpha power and 

reduction of delta power in the frontocentral source, although activity of this source 

was not fed back to the subjects. The frontocentral source was centred in the anterior 

cingulate cortex (ACC), part of the limbic system and one of the core structures in the 

tinnitus network (Schlee, et al., in preparation a). Schlee et al. (in preparation a) 
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showed that tinnitus subjects processed stimuli in a different way than controls, to the 

effect that abnormal connectivity was observed to be widely dispersed over cortical 

and subcortical areas, resulting in a tinnitus specific network (Figure 28a). The ACC 

plays a remarkable role particularly in the alpha network, seeming like a hub with 

connections to frontal, temporal and parietal sources (Figure 28b) (Schlee et al., in 

preparation b).  

Hunter, Eickhoff, Miller, Farrow, Wilkinson et al. (2006) demonstrated the ACC to 

be an extratemporal focus whose activity was associated with spontaneous activation 

of the left hemispheric speech-sensitive auditory cortex. 

 

            

Figure 34. a) Connectivities with a significant difference in the phase synchronization pattern between 
tinnitus and control subjects, in top view showing frontal, temporal and parietal sources in both 
hemispheres as well as one source at the anterior cingulate cortex and one posterior source. Line 
colours represent the strength of the interaction (Schlee et al. in preparation a). b) Alpha network in 
tinnitus subjects showing strong connections between ACC and frontal, temporal and parietal sources 
(Schlee et al., in preparation b). 

 

Therefore, changes of alpha and delta power in the frontocentral source may 

have occurred because of the interconnectivity between sources and are in 

accordance with significant changes in the left temporal source.  

 

There were no further significant changes of alpha or delta power in any other 

source. This validates the Neurofeedback training inasmuch as changes in cortical 

activity were exclusively observed in those sources which were fed back to the 

subject and were thus actively influenced.    

 

a b
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4.2 Reduction of subjective tinnitus intensity 

 

Subjective tinnitus intensity was reduced significantly from 23.95 dB (mean of all 

sessions before training) to 22.91 dB (mean of all sessions after training). Thus, after 

the tinnitus subjects had trained their alpha and delta frequency bands for 30 

minutes, the intensity of their tinnitus was lower than before, indicating a positive 

effect of Neurofeedback on tinnitus.  

A monotonously decreasing trend of tinnitus intensity between sessions could not 

be observed. However, intensity between training sessions was reduced 

considerably from the first to the fifth session. For this reason, one may speculate 

that either the training is most effective during the first five sessions, perhaps due to 

habituation processes commencing after getting used to the training. Or that 

motivation is higher at the beginning of the Neurofeedback and therefore training 

success is greater during this phase of the training.  

To examine if reduction of tinnitus intensity is truly related to normalization of 

alpha and delta power and is not just a placebo effect, both outcomes were 

correlated in a correlation test. A small negative correlation of -.18 between training 

success (ADQ) and reduction of intensity reveals that a higher ADQ – hence more 

normal activity patterns in alpha as well as in delta power – is associated with lower 

tinnitus intensity. However, the correlation test failed to reach significance (p > .05). 

Since the present study was conducted with only ten tinnitus subjects, statistical 

power is low, thus the standardized correlation coefficient should be considered as 

more important than the p-value. According to Cohen (1988) a correlation coefficient 

of -.18 corresponds to a small to medium effect.   

Tinnitus intensity was examined as a psychoacoustic measure of tinnitus. To 

determine subjective tinnitus intensity, a 1000 Hz sinus tone was used as a standard 

comparison value. Most tinnitus subjects complained about this measure, since, of 

course, a 1000 Hz tone could not resemble the tinnitus pitch of all subjects. 

Especially for patients who suffered from noise-like tinnitus, the comparison with a 

sinus tone was difficult. Many participants showed a quite broad dB range, which 

they reported to resemble their tinnitus loudness, for this reason, it is not known if the 

measured values adequately represented the tinnitus intensity.  

Identifying the individual tinnitus pitch with the audiometer and then offering this 

frequency as a comparison value for measuring tinnitus intensity seems to be a good 
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compromise to that conflict at first glance. However, tinnitus pitch measures were 

reported to be highly variable across sessions within the same subject (Norena et al., 

2002). Furthermore, the measured peaks of the tinnitus spectra proved to be quite 

broad. Thus, the method of comparing the tinnitus with another pure tone does not 

seem to be an adequate one. However, using complex tones or noise bands, 

alternatively, would present even greater problems because the perceptual attributes 

of those are determined by different physical parameters (e.g., by centre frequency, 

bandwidth, spectral shape) compared to a pure tone, which is almost entirely 

determined by its frequency. Therefore using complex tones as a comparison value 

for the subjective tinnitus intensity would be an ideal approach but not applicable in 

practice as a great number of physical stimuli would have to be controlled for 

(Norena et al., 2002). 

To sum up, measuring anything as subjective as the tinnitus intensity comes 

along with technical difficulties and is probably also an error source due to great 

intraindividual variability. Thus, for future studies another measure of change 

regarding the tinnitus percept ought to be considered (e.g., visual analogue scales). 

Meikle (in preparation) is to publish a questionnaire (“Tinnitus Functional Index”), 

which may be convenient for further studies to examine the current state of the 

subjects before and after training on different scales. For this reason, it could be used 

as an alternative for the tinnitus intensity matching (e.g., How strong or loud is your 

tinnitus at the moment? 0 – 10).  

 

Furthermore, some subjects reported their tinnitus to increase in loudness after 

the first few sessions. A possible explanation for this phenomenon may be the 

enhancement of attention devoted to the tinnitus. Subjects were asked many 

questions concerning their tinnitus, they had to listen closely to it during the tinnitus 

intensity matching and they had to complete the TF several times during the study. 

Thus, they were focused on the tinnitus to a great extend, possibly greater than they 

were used to (many subjects reported to be able to ignore the sound sensation to a 

certain extend). Due to more attention devoted to the tone it may have seemed to 

become more intense. In most cases this phenomenon changed again after a while. 

However, it may have been reflected in the tinnitus intensity data of some sessions.  
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4.3 Reduction of tinnitus-related distress 

 

Tinnitus-related distress was measured five times during the Neurofeedback 

training with the TF: during the anamnesis and after sessions 1, 4, 7, and 10. Hence 

the development of distress could be observed. TF scores were reduced significantly 

from the anamnesis (M = 29.30) until the end of the Neurofeedback training (M = 

22.10). The effect size of 1.26 can be considered as a great effect according to 

Cohen (1988).  

Since psychoeducation should be considered as a “side effect” of the 

Neurofeedback training, it remains unclear if reduction of distress occurred due to 

positive effects of the training or on account of the counselling of subjects in coping 

with their tinnitus. Therefore, a correlation test between the training success (ADQ) 

and the reduction of tinnitus-related distress was conducted. The ADQ was used for 

analyses, since in this manner both alpha enhancement and delta reduction were 

considered. Tinnitus-related distress and ADQ were inversely related, thus, a greater 

normalization of frequency bands was associated with a decrease in tinnitus-related 

distress. A correlation coefficient of -.33 was revealed. However, the correlation test 

failed to reach significance (p > .05), probably due to the small sample size and low 

statistical power. According to Cohen (1988), a correlation of -.33 corresponds to a 

medium effect. 

 

Although tinnitus-related distress was mainly reduced across all sessions, 

significant differences were only observed between anamnesis and session 1 (post), 

which may have been a result of expectation effects. A trend was revealed between 

sessions 7 and 10 (p = .06). Missing significant effects between the other sessions 

may have been due to the construction of the TF. The TF seems to be better suited 

to observe long-term changes in tinnitus-related distress, since its items mainly 

depict states which normally do not change within a few days (e.g. Because of the 

noises life seems to be getting on top of me). Hence, the TF may not be sensitive 

enough to pick up changes in short time intervals. For further studies a good 

compromise may be to acquire TF scores only during anamnesis and after the last 

session, to observe changes in distress from the beginning to the end of training. 

Additionally, a questionnaire which is more sensitive to minor changes in distress 
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should be applied after each session. A good measure might be the aforementioned 

questionnaire by Meikle (in preparation), which will capture psychoacoustic changes 

of tinnitus (loudness) as well as changes of tinnitus-related distress (discomfort, 

disagreeableness). 

  

The results of the present study must be viewed as preliminary because the 

studied sample of subjects was small. Nevertheless, results indicate that tinnitus was 

alleviated to some extend by means of Neurofeedback and the associated changes 

in alpha and delta frequency bands. Anyway, further research will be required to 

elucidate the effects of Neurofeedback training on tinnitus. 

 

4.4 Comparison between signal space and source space Neurofeedback 

 

The results of a preceding Neurofeedback study (Dohrmann, 2007) were 

compared to those of the present study. In general, source space Neurofeedback 

yielded marginally improved outcomes: alpha power was increased and delta power 

was decreased to a slightly greater extend than in signal space Neurofeedback, 

moreover, training success was slightly greater in source space Neurofeedback (79% 

enhancement of alpha power; 7% reduction of delta power) than in signal space 

Neurofeedback (51% enhancement of alpha power and even 0.4% enhancement  

(= deterioration) of delta power). However, none of the differences between these 

two Neurofeedback trainings were great enough to reach significance in the 

statistical analyses, which is probably a result of the small sample size.   

Furthermore, a chi-square test was conducted, since it is less vulnerable to 

biases resulting from small sample sizes. Subjects were divided into four subgroups 

regarding changes of alpha and delta power (alpha+ delta+, alpha+ delta-, alpha- 

delta+, alpha- delta-). The majority of subjects (n = 8) in source space 

Neurofeedback was able to increase alpha power and concurrently decrease delta 

power. Only two subjects decreased alpha power and increased delta power. An 

interesting finding was that in signal space Neurofeedback, however, only four out of 

eleven subjects were able to increase alpha power and concurrently decrease delta 

power, but six subjects increased alpha as well as delta power and one subject 

decreased power in both frequency bands. Hence, these outcomes clearly point out 
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that changes in Neurofeedback from signal space to source space and the 

implementation of a two-dimensional Neurofeedback training result in a greater 

amount of concurrent normalization of alpha and delta power.  

 

Outcomes regarding tinnitus intensity and tinnitus-related distress were also 

contrasted between signal and source space Neurofeedback. While subjective 

tinnitus intensity was reduced to a greater (but non-significant) extend in signal space 

Neurofeedback (37%) than in source space Neurofeedback (22%), tinnitus-related 

distress was (non-significant) lower after training for subjects who participated in 

source space Neurofeedback (27% vs. 20% reduction).   

To sum up, mainly the outcomes of source space Neurofeedback veered towards 

the desired direction. The only comparison in which signal space Neurofeedback 

yielded better results was the one concerning subjective tinnitus intensity. As already 

mentioned above, the tinnitus intensity matching does not qualify for an objective 

measure, particularly because the objectivity may be limited on account of the 

difficulties the subjects experienced by adapting their tinnitus to another frequency 

(1000 Hz). The two objective measures – EEG power of alpha and delta frequency 

bands and the TF – tended to result in better outcomes for source space 

Neurofeedback. 

Furthermore, Dohrmann (2007) did not find a negative correlation between 

training success and reduction of tinnitus-related distress as revealed in the present 

study (r = -.33). Thus, an association between Neurofeedback and tinnitus-related 

distress could exclusively be validated in source space Neurofeedback.  

Problems concerning the comparison between the two Neurofeedback groups 

were twofold: On the one hand different technical devices were used for each 

Neurofeedback; EEG data was completely processed by a system of the 

neuroConn® company (neuroConn GmbH, Illmenau, Germany) for signal space 

Neurofeedback. Source space Neurofeedback, however, was programmed using 

Matlab® 7.3.0 and only the EEG amplifier and the USB-Interface were products of 

neuroConn®. Hence, due to differences of that kind in data processing a comparison 

between the two approaches may be problematic. For example, raw values of delta 

power were around 3 in signal space Neurofeedback and around 25 in source space 

Neurofeedback, therefore change ratios had to be applied for statistical analyses. 
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On the other hand there is no information about the specific sources which were 

trained in signal space Neurofeedback because no source montage was conducted. 

Electrodes were placed on the scalp frontocentrally, but on account of the missing 

source montage it remains unclear if changes occurred frontocentrally or temporally. 

For this reason, an average of all sources of source space Neurofeedback had to be 

computed for group comparisons, although only temporal sources were trained by 

the subjects. Therefore, technical problems may have been a reason for the absence 

of significant effects.    

Further criticism against the signal space Neurofeedback concerns the method of 

data analysis. Alpha and delta power measured before the first session were 

compared to alpha and delta power measured after the last session, thus, the results 

of only two training days were considered for analyses. Tinnitus subjects of the 

present study all mentioned that they noticed their daily constitution to exert an 

influence on the training. Data on individual development of alpha and delta power 

validated these statements. Most times a subjects’ negative feeling concerning the 

training success of a certain day was associated with more abnormal spontaneous 

activity in the alpha and delta frequency bands. Thus, daily variations cannot be 

excluded from data, but they preponderate if data of single sessions are used for 

analyses. Since premises ought to be equal to compare signal to source space 

Neurofeedback, training success of source space Neurofeedback was computed in 

the same manner for group comparisons (value after last session divided by value 

before first session). However, more subjects of signal space Neurofeedback may 

have had a “good day” at the last session than subjects of source space 

Neurofeedback. Moreover, Dohrmann (2007) also described that the learning effect 

between sessions was unsatisfying, which further supports the assumption of having 

had a “good day” at the last training session and not having improved to a great 

extend across all sessions. With only ten or eleven participants, respectively, this 

phenomenon may have influenced data.  

For this reason, preceding analyses, considering only data of source space 

Neurofeedback, were computed comparing mean alpha and delta power before all 

sessions to mean power after all sessions, thus daily variations had less weight.  

 

Furthermore, there were several other factors that may have contributed to 

absent significant differences between the two Neurofeedback groups. On the one 
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hand the subjects in source space Neurofeedback complaint about the location of the 

Neurofeedback training, since it proceeded in a small and narrow, electrically 

shielded room without any daylight. Most participants reported the room to be hot, 

badly air-conditioned, dark, and oppressive. However, for Neurofeedback it is 

important for the participants to feel good, since relaxation and positive thoughts are 

required (Hammond, 2004), thus these negative training circumstances may have 

also been reflected in the data. 

Another difference between signal and source space Neurofeedback deals with 

the training display. In signal space Neurofeedback a fish as feedback cue was 

moving from the left to the right side of the display time and again and had to be 

increased in the alpha/delta protocol. In source space Neurofeedback there was a 

background picture and the feedback cue was moving mainly in the same area of this 

picture. The display in signal space Neurofeedback may have been more motivating 

because there was more movement. Moreover, the participants of signal space 

Neurofeedback received a reward, e.g., in the form of a flashing sun on the display, if 

they were able to normalize their activity to a certain extend. This, too, may have 

contributed to higher motivation of participants in signal space Neurofeedback and 

should be considered in future Neurofeedback studies. 

 

4.5 Group differences between “original training” and “adapted training” 

 

Source space Neurofeedback was the first training which was completely 

developed by a member of our group; hence certain technical problems had to be 

faced. Based on feedback of the first six participants, several technical changes were 

implemented to further improve the training, e.g., absolute power feedback was 

replaced by relative power feedback; moreover, the settings of the feedback cue 

were adapted to make it more sensitive for changes in power.  

The last four tinnitus subjects participated in the adapted training. To see whether 

technical changes were associated to better training outcomes, results of group 1 

(subjects 1 to 6) were compared to results of group 2 (subjects 7 to 10). These group 

comparisons revealed interesting findings, inasmuch as subjects of group 2 were 

able to enhance their alpha power and to reduce their delta power from pre to post 

almost significantly (p = .06), despite the small sample size. There was neither a 
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significant difference, nor a trend in alpha enhancement or delta reduction regarding 

participants of group 1. Comparing the training success of both groups a trend was 

revealed regarding delta power; group 2 was able to reduce delta power considerably 

stronger than group one (p = .06). There was no significant difference between 

groups regarding alpha power (p > .10), though mean values of alpha were still 

increased to a greater extend in group 2. 

To sum up, it seems worthwhile for future Neurofeedback studies to feed back 

relative power instead of absolute power. It also appears to be important to enable 

the experimenter to manually adapt the feedback cue by changing its resolution to 

make it more sensitive for changes in power. 

 

4.6 Limitations 

 

Number and length of sessions 

 

A problem of Neurofeedback studies is that there are no standardized parameters 

of implementation, as, for instance, number of sessions, controlled clinical trials, 

parameters of success and more. Thus, there is no agreement concerning the 

optimal frequency and length of training sessions.  

The present study consisted of ten Neurofeedback sessions dispersed across 

four weeks, which was a relatively small number of sessions, compared to other 

studies. According to Hammond (2007) Neurofeedback may be seen as some kind of 

excercise, comparable to physical therapy, enhancing cognitive flexibility and control. 

Thus, at least 25, more commonly 50 sessions of about 40 minutes length are 

required. Weiler et al. (2002), for instance, conducted nine Neurofeedback sessions 

in one week with 90 minutes per session. In a study conducted by Gosepath et al. 

(2001) the subjects were only able to improve their cortical activity between session 

10 and 15. Additionally, the subjects also showed improvement only within sessions 

and not across all sessions.  

Dohrmann (2007) illustrated results of a pilot study with twice as many sessions 

(20 treatment days) dispersed over four weeks. All participants were able to 

normalize their alpha and delta power, the initial improvements were, however, 

followed by a flattening of the learning curve during the second half of the training 
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(session 11-20). The frequency of the training was very intense with 5 sessions per 

week and four weeks of Neurofeedback training. Thus, the subjects may have been 

exhausted in the second half of the training (Dohrmann et al. 2007, in press). Since 

the intensive Neurofeedback was conducted with a very small sample size (n = 3), 

the optimal length and frequency of Neurofeedback studies on tinnitus will have to be 

examined closer in future studies. Furthermore, possible conflicts with work or leisure 

activities ought to be considered, since they may influence the subject’s motivation. 

The observation that, even if the tinnitus sensation could appear directly after a 

noise trauma, the duration of an increase of the SCSA takes from a few hours up to 

several days (Eggermont & Roberts, 2004; Norena & Eggermont, 2003) would 

validate the implementation of a longer Neurofeedback training. Thus, it may also 

require longer time to normalize the spontaneous activity again. 

 

To draw a conclusion, learning effects between sessions on the one hand seem 

to require more time of training than only ten sessions. On the other hand, subjects’ 

motivation has to be considered as well, which was reduced towards the end of 

training in most cases. For this reason, as a compromise, a future Neurofeedback 

approach, which is prepared currently by our group will consist of shorter training 

intervals and will also provide longer time lags between training days, so that 

subjects remain motivated and find it easier to schedule training sessions without 

impairing their leisure time.  

 

Lack of instruction for subjects 

 

A considerable body of literature concerning Neurofeedback stresses the 

importance of teaching subjects to gain control over their cortical activity. Afterwards, 

however, the subjects are left to their own resources and are required to learn from 

the feedback cue when a particular emotional or mental state is achieved. In the 

present study some subjects preferred this autonomy and were willing to try different 

things within each session. However, the majority of subjects clearly needed some 

kind of instruction and seemed to feel as if they were left alone by the therapist 

because specific instructions could not be offered. Thus, an ideal method for 

improvement of Neurofeedback may be a combination of instructions from the 

therapist and autonomy for trial and error. A problem regarding instructions is the 
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lack of information concerning the “right” strategies. In some studies subjects learned 

to do relaxation exercises (e.g., Goespath et al., 2001) and thus were busy during the 

training, which may have contributed to the subjects’ motivation.  

A possible future development in the Neurofeedback research to fill the gap of 

missing instructions would be a combination of Neurofeedback and residual inhibition 

(RI). RI is attained by masking the tinnitus tone with an external masking noise, 

which is presented to the affected ear(s). If the masking procedure is effective it can 

produce a suppression or reduction of the tinnitus, which extends beyond the 

duration of the masker (Roberts, Moffat, & Bosnyak, 2006). Kahlbrock (2007) showed 

that a significant reduction in the delta frequency band was observed at temporal 

sources during RI. For this reason, it seems promising to alleviate the tinnitus 

perception as well as to normalize cortical activity first by means of RI and then try to 

prolong this effect by means of Neurofeedback. In this manner results of both 

methods may be improved and furthermore, tinnitus subjects would have a valid 

target, which ought to be reached by Neurofeedback.   

 

Motivation 

 

Most participants reported the Neurofeedback training to be quite strenuous after 

a while. They had to be concentrated for about 45 minutes including baseline 

measurements as well as the training. Particularly during the post baseline 

measurement – after 30 minutes of training – the subjects reported to be strained. 

This may have been counterproductive for data analysis. 

Although the participants were informed before training that Neurofeedback is a 

method under research and that there is hence no guarantee for any changes of the 

tinnitus, they were very disappointed and often became demotivated if they did not 

experience any alleviation of their tinnitus after the first few sessions.  

Furthermore, many subjects reported the feedback cue to move too little. It may 

be motivating for the participants to get a more detailed feedback besides the 

feedback cue on the display (maybe in the form of a percent change value or a bar 

chart). Afterwards they may learn better, which strategies were associated with the 

desired outcome. 
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Missing control group 

 

A problem all Neurofeedback studies face, is the fact that, if changes occurred 

towards the desired direction, one still does not know if these changes were really 

evoked by the training or maybe caused by other factors, such as counselling by the 

therapist, for example. Standardizing the procedure to a minimum of counselling 

would be one possibility to face this problem; however, it may lead to a displeasing 

atmosphere for the subjects and thus may be counterproductive for the 

Neurofeedback as tinnitus subjects often complain about the lack of understanding in 

their environment, thus, they are grateful to finally feel understood by the therapist.. A 

methodologically better possibility would be the conduction of a randomised placebo 

controlled Neurofeedback study, which seems to be suited best to control for the 

effect of counselling. However, this would come along with considerable financial and 

logistical costs, as all members of the control group should be entitled to the real 

training after the study. Within the context of a time consuming therapy and under 

conditions of limited resources this would present numerous new problems.  

 
 

4.7 Conclusion 

 
The study’s first aim – to examine if patients with chronic tinnitus were able to 

normalize abnormal synchronous cortical spontaneous activity – was reached. 

Subjects showed higher values in alpha power and lower values in delta power after 

Neurofeedback training. Furthermore, tinnitus intensity and tinnitus-related distress 

was also lower after training than before. However, a learning effect across all 

sessions could not be achieved, probably because as few as ten training sessions 

were not enough to observe long-term effects. 

The study’s second goal – to show that the implementation of a two-dimensional 

source space Neurofeedback yields better results – was only partly accomplished. In 

general, subjects in source space Neurofeedback did not exhibit significantly better 

results regarding enhancement of alpha power, reduction of delta power, as well as 

reduction of tinnitus intensity and tinnitus-related distress. However, it could be 

demonstrated that a significant number of subjects in source space Neurofeedback 

was able to increase alpha and simultaneously decrease delta power. In contrast, the 
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number of subjects in signal space Neurofeedback who increased alpha and 

concurrently decreased delta power did not differ significantly from the number of 

those who increased alpha as well as delta power. Hence, based on the results of 

Dohrmann (2007), who demonstrated that subjects, who were able to normalize 

alpha and delta power concurrently, showed the greatest alleviation of tinnitus, the 

implementation of a two-dimensional source space Neurofeedback was successful.         
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Einverständniserklärung zur Teilnahme am  

“Neurofeedbacktraining bei chronischem 

Tinnitus” an der Universität Konstanz 

 

Erklärung des Vorgehens 

Kern der Behandlung wird ein ca. vierwöchiges Training sein, bei dem ich 3-mal (bei intensivem 
Training: 5-mal) wöchentlich am Neurofeedbackgerät trainieren werde. Dazu werden mir Elektroden 
am Kopf und um die Augen herum angebracht. Um mögliche Veränderungen im Erleben von Tinnitus 
zu dokumentieren, werde ich gebeten, in regelmäßigen Abständen Fragebögen auszufüllen, 
Erhebungen am Audiogramm erstellen zu lassen und ähnliches. Details zur Studie sind in der 
Informationsbroschüre „Neurofeedbacktraining“ beschrieben; diese habe ich gelesen und verstanden. 

 
 
Risiken 
 
Im Verlauf des Trainings kann es vorkommen, dass ich Erschöpfung und Frustration erlebe. Ich kann 
jederzeit mit meinem Therapeuten/ meiner Therapeutin diesbezüglich Bedenken, Fragen und 
Probleme besprechen. 
 
 
Nutzen 
 
Durch meine Teilnahme an dieser Studie (einschließlich Nachuntersuchungen bis zu einem halben 
Jahr) erhalte ich kostenlose Untersuchungen und Behandlungen, die die Häufigkeit und Stärke des 
Tinnitus und der damit verbundenen Belastungen reduzieren können. 

 
 
Andere Behandlungsansätze 
 
Mir ist bekannt, dass ich mich während der Teilnahme an dieser Studie keiner anderen Tinnitus-
Therapie unterziehen sollte. 

 
 
Vertraulichkeit 
 
Alle Angaben, die Rückschlüsse auf meine Person zulassen, werden von den MitarbeiterInnen 
vollständig vertraulich behandelt. Ich stimme jedoch zu, dass meine Daten – unter Geheimhaltung 
meiner Identität – zu wissenschaftlichen Zwecken verwertet werden. 
 
 
Vorzeitiges Ausscheiden 
 
Um einen Therapieerfolg erzielen zu können, ist es sehr wichtig, bis zum Ende „durchzuhalten“; ich 
bin mir dessen bewusst. Mir ist aber auch bekannt, dass es mir freisteht, die Teilnahme an der Studie 
abzubrechen, ohne dass dabei Nachteile für mich entstehen. 
 
 
Entstehende Kosten 
 
Die Teilnahme an der Studie ist mit keinerlei Kosten für mich verbunden. 
 
 
 
 

 
 

Universität Konstanz 
Fachbereich Psychologie 
Arbeitsgruppe Tinnitus 
 
e-mail:   
isabel.lorenz@uni-konstanz.de 
 
 
Tel.: 07531/ 88 – 4612 
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Bezahlung für durch die Studie verursachte Schäden 
 
Bislang sind keine Nebenwirkungen durch das Neurofeedbacktraining bekannt. Sollte ich dennoch 
wider Erwarten körperlichen oder psychischen Schaden nehmen, so hat mir die Universität Konstanz 
keinerlei finanzielle Zuwendung zugesichert. 
 
 
 
Mit meiner Unterschrift erkläre ich, dass ich die hier enthaltenen Informationen zur Kenntnis 
genommen habe und an der Studie  „Neurofeedbacktraining bei chronischem Tinnitus“ 
teilnehmen werde. 
 
 
 

Datum und Unterschrift des Teilnehmers/der Teilnehmerin 
 
 

Datum und Unterschrift der Therapeutin  
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ID: ___________       Datum: ___________ 
 
 
 
 
 

 
 
 
 
 
 

Anamnesefragebogen 
für 

Tinnitus-Patienten 
 
 
 

Universität Konstanz 
Arbeitsgruppe Tinnitus 
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Empfehlender Arzt: 
 
Familienstand: o ledig    o verheiratet    o geschieden    o verwitwet     

o getrennt lebend 
 
Kinder:  o ja        Wie viele? ____________      o nein 
 
Wohnsituation: o alleine  o mit Familie  o mit Kind(ern) 
   o mit Partner  o mit anderen Familienmitgliedern  

o in WG 
 
(Schulbildung siehe BADO Bogen) 
 
Berufliche Situation:  o berufstätig   o berufstätig, aber 
krankgeschrieben 
     o Hausfrau / Hausmann o in Ausbildung  
     o in Umschulung  o arbeitslos  
      o berentet und zwar 

o altershalber 
      o im Vorruhestand 

o vorzeitig wegen Berufs- oder   
Erwerbsunfähigkeit 

o Rentenantrag ist geplant bzw. gestellt, aber 
noch nicht entschieden 

 
 
Derzeitiger Beruf: 
________________________________________________________ 
    
 
    

Fragen zu den Ohrgeräuschen: 
 
  
1. Seit wann leiden Sie unter den Ohrgeräuschen? 
 Seit  ______  Jahren  
 
2. Wie setzten ihre Ohrgeräusche ein? 
 o allmählich / schleichend 
 o urplötzlich 
      
3.  Wo hören Sie derzeit Ihre Ohrgeräusche? 
 o nur rechts  o mehr rechts 
 o nur links  o mehr links 
 o in beiden Ohren 
 o im Kopf 
 o Sonstiges:_______________________________________________ 
 
4.    Hat sich der Ort, an dem Sie Ihre Ohrgeräusche hören, im Laufe der Zeit 

verändert? 
 o ja    o nein 
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5. War die Entstehung Ihres Tinnitus mit einem der folgenden Ereignisse 
verbunden?  

 
 o Unfall, nämlich:        ______________________________________ 
 o Krankheit, nämlich:       ______________________________________ 

o ärztl. Behandlung, nämlich: ______________________________________ 
o Stress, nämlich:        ______________________________________ 
o Umwelteinflüsse, nämlich:   ______________________________________ 
o Hörverlust:        ______________________________________ 
o Hörsturz:        ______________________________________ 
o anderes:          ______________________________________ 
o weiß nicht        ______________________________________ 

 
 
6. Gibt es eine ärztliche Diagnose für die Ursache Ihres Tinnitus?  

Wenn ja, wie lautet sie?  
______________________________________________________________ 

  
7. Wie würden Sie die Lautstärke Ihrer Ohrgeräusche beschreiben? 
 o kaum hörbar o mäßig laut   o sehr laut  o unerträglich laut 

o Sonstiges 
 
8. Hat sich die Lautstärke Ihrer Ohrgeräusche im Laufe der Zeit verändert? 
 o ja    o nein 
  

Wenn ja, wurde sie  o lauter o leiser o schwankend 
 
9. Wie würden Sie die Tonhöhe Ihrer Ohrgeräusche beschreiben? 
 o hoch  o mittelhoch   o tief 
 
10. Sind die Ohrgeräusche… 
 o …wie ein Ton?  o …wie mehrerer Töne / ein Geräusch? 
 
11. Wie könnte man ihr Ohrgeräusch am ehesten beschreiben? 

 
(Erst Beschreibung des Patienten abwarten, dann untenstehende 
Möglichkeiten vorlesen!) 

 
 Rechte Seite (Bitte nur eine Angabe): 
 
 o hell     o dumpf   o pfeifend  o brummend 
 o summend    o heulend   o klingelnd  o zirpend 
 o rauschend    o pochend   o gurgelnd  o donnern 
 o zischend    o Stimmen  
  

Falls keines der Adjektive zutrifft, Ihre eigene Beschreibung des 
Ohrgeräusches:  
______________________________________________________________ 
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Linke Seite (Bitte nur eine Angabe): 
 
 o hell     o dumpf   o pfeifend  o brummend 
 o summend    o heulend   o klingelnd  o zirpend 
 o rauschend    o pochend   o gurgelnd  o donnern 
 o zischend    o Stimmen  
 

Falls keines der Adjektive zutrifft, Ihre eigene Beschreibung des 
Ohrgeräusches:  

 ______________________________________________________________ 
 
12. Sind Ihre Ohrgeräusche 
 o pulsierend  o gleichmäßig o schwankend o unterbrochen? 
 
13. Wie laut würden Sie Ihre Ohrgeräusche auf einer Skala von 1 bis 100 

einschätzen? (1 = kaum hörbar und 100 = unerträglich laut) 
  
 Im besten Fall: 

_________________________________________________________ 
 01 10 20 30 40 50 60 70 80 90 100 
 
 Im schlechtesten Fall: 

_________________________________________________________ 
 01 10 20 30 40 50 60 70 80 90 100 
 
14. Wie stark fühlen Sie sich durch Ihr Ohrgeräusch belästigt? 
  
  0 -----1-----2-----3-----4-----5-----6-----7-----8-----9 

 
gar nicht belästigt          nicht mehr auszuhalten 

  
15.  a) Wie viel Prozent der Zeit, die Sie wach gewesen sind, haben Sie Ihren  

    Tinnitus im vergangenen Monat wahrgenommen? 
             (0% = nie, 100% = permanent) 
  
     _____ % 
 

b) Wie viel Prozent der Zeit, die Sie wach gewesen sind, fühlten Sie sich im 
vergangenen Monat durch Ihr Ohrgeräusch belästigt? 

 
   _____ % 

 
 

16. Gibt es bestimmte Geräusche, die Ihr Ohrgeräusch übertönen können? 
 o ja, nämlich:   o nein 
  
 o Musik 
 o Geräusche bei der Arbeit  
 o alltägliche Geräusche 
 o andere Geräusche: 
 ___________________________________________ 
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17. Verschlimmert sich Ihr Ohrgeräusch unter Einfluss von lauten Geräuschen? 
 
 o ja      o nein 
 
18. Verändert sich Ihr Ohrgeräusch, wenn Sie Hals oder Nacken bewegen oder 

wenn Ihr Kopf / die oberen Gliedmaßen berührt werden? 
 
 o ja      o nein 
 
19. Leiden oder litten Sie jemals unter epileptischen Anfällen? 
 o ja      o nein 
 
20. Welche Behandlungen gegen den Tinnitus haben Sie bisher wahrgenommen? 

 ____________________________________________________________ 
 
21. Gab es in den letzten 6 Monaten Zeiten, in denen Sie kein Ohrgeräusch 

hatten? 
  

o nein, das Ohrgeräusch ist ständig vorhanden 
 o ja  
  

Wie lange dauern diese Zeiten ohne Ohrgeräusch durchschnittlich an? 
 o Minuten o Stunden o Tage o Wochen o Monate 
 
22.   Hat sich die Lautstärke Ihres Tinnitus seit dem Erstauftreten verändert? 
  

ja, sie ist…     o nein 
o stärker geworden 

 o schwächer geworden 
 o im Wesentlichen gleich geblieben 
 
23. (akuter Stress:) Verändert sich der Tinnitus wenn Sie Stress haben? Wenn ja, 

wie? 
          o während der stressigen Situation 
 o unmittelbar danach 
          o nach einer bestimmten Pause 
 o ________________ 
 
 
24. (chronischer Stress:) Verändert sich ihr Tinnitus im Zusammenhang mit lang 

anhaltenden Stressphasen? Wenn ja, wie? 
_____________________________________________________________ 
_____________________________________________________________ 

 
25. Gibt es Zeiten oder Situationen, in denen das Ohrgeräusch regelmäßig stärker 

ist? 
 o nein 
 o ja,  

nämlich:  o morgens     o mittags    o nachmittags    o abends     
o nachts     o bei bestimmten Tätigkeiten  ________ 
o in sonstigen Situationen ________________________ 
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26. Gibt es Umstände, unter denen das Ohrgeräusch besser ist (z.B. nach einem  
Mittagsschlaf)? 

  
o nein 

 o ja, nämlich: ___________________________________________________  
 
27. Besteht Ihrer Meinung nach eine Verbindung zwischen Ihrem nächtlichen 

Schlaf und Ihren Ohrgeräuschen am nächsten Tag? 
  

o ja  o nein 
 

28. Wie reagiert ihre Umgebung (Familie, Freundinnen, Kolleginnen) auf ihr 
Ohrgeräusch? 
___________________________________________________________ 

 
29. Glauben Sie, dass Sie Hörprobleme haben? 
 o ja       o nein 
 
30. Tragen Sie ein Hörgerät? 
 o ja       o nein 
 
31. Haben Sie das Gefühl, empfindlich gegenüber Geräuschen zu sein, wenn 

diese anderen Personen normal erscheinen? 
 o ja       o nein 
 
32. Leiden Sie unter…  
 

o  Kopfschmerzen?   
o  Nackenschmerzen? 
o  anderen Schmerzsymptomen? 
 

33. Gibt es Personen in ihrer Familie (Eltern, Großeltern, Geschwister, Kinder,…), 
die ähnliche Beschwerden haben wie Sie? 
_____________________________________________________________ 

 
34. Gab es in der Zeit (bis zu 1-2 Jahren) vor dem Auftreten Ihres Ohrgeräusches 

Ereignisse in Ihrem Leben, die Sie sehr belastet haben (z.B. Tod, schwere 
Krankheit oder Trennung von einer nahe stehenden Person, Veränderung 
Ihrer bisherigen Lebenssituation, berufliche, finanzielle oder 
zwischenmenschliche Schwierigkeiten)? 

 ______________________________________________________________
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35.  Haben Sie außer Ihrem Tinnitus noch andere körperliche oder psychische 
Beschwerden, die Sie belasten? 
o nein 
o ja, nämlich  o Migräne 

    o länger dauernde Schmerzen 
    o Herz-Kreislauf-Beschwerden 
    o Ängste 
    o Schlafstörungen 
    o Konzentrationsstörungen 

   o sonstige:  
__________________________________ 

 
36. Können Sie wegen des Tinnitus bestimmte Aktivitäten im Haushalt, Beruf oder 

Freizeit gar nicht mehr oder nur noch eingeschränkt ausführen? Wenn ja, bitte 
kurz beschreiben, welche: 
______________________________________________________________ 

 
37. Waren Sie wegen Ihres Tinnitus innerhalb der letzten 6 Monate in stationärer 

Behandlung? 
 o ja wo? _____________ wie lange? __________ Tage 
 o nein 
 
38. Waren Sie in den vergangenen 6 Monaten wegen Ihres Tinnitus in ambulanter 

Behandlung? 
 o ja    o nein 
 
39. Wenn ja, geben Sie bitte auch an, wie oft Sie die betreffenden Ärzte wegen 

Ihres Tinnitus in den letzten 6 Monaten aufgesucht haben! 
 
 o Praktischer Arzt ___ mal   o Orthopäde    ___ mal 
 o HNO-Arzt          ___ mal   o Neurologe   ___ mal 
 o Internist             ___ mal   o Psychiater   ___ mal 
 o Chirurg               ___ mal   o Zahnarzt      ___ mal 

o Kieferchirurg        ___ mal   o Heilpraktiker        ___ mal 
o Andere:              ___ mal    

 
 
Vielen Dank! 
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Source Locations 

 

Table 11. Precise locations of sources of the source montage described in section 2.4 (Schlee, 2006). 

 

Source Coordinates                  Z                               X                                Y    

                             

left temporal - 0.68   0.00 0.06 

right temporal   0.68   0.00 0.06 

left prefrontal - 0.36   0.65 0.09 

right prefrontal   0.36   0.65 0.09 

left parietal - 0.51 - 0.37 0.49 

right parietal   0.51   0.37 0.49 

posterior - 0.01 - 0.67 0.08 

frontocentral   0.00   0.33 0.59 
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Alpha and delta power before and after training 

 

Table 12. Median alpha power before and after training. 

 Alpha 

 pre post V-value p-value sign.? 

left temporal 1.05 1.18 10 0.04 yes 

right temporal 1.28 1.35 31 0.65 no 

left prefrontal 1.91 1.85 15 0.12 no 

right prefrontal 1.47 1.56 34 0.75 no 

left parietal 1.54 1.74 24 0.38 no 

right parietal 1.70 1.66 39 0.88 no 

posterior 1.57 1.56 20 0.25 no 

frontocentral 1.50 1.86 6 0.01 yes 

 

 

Table 13. Mean delta power before and after training. 

 Delta 

 pre post t-value p-value sign.? 

left temporal 25.06 24.32   1.90 0.04 yes 

right temporal 24.75 24.87 - 0.24 0.59 no 

left prefrontal 22.87 21.88   1.98 0.04 yes 

right prefrontal 22.58 22.12   1.14 0.14 no 

left parietal 23.45 23.12   0.64 0.27 no 

right parietal 22.96 22.73   0.44 0.34 no 

posterior 22.67 22.24   0.80 0.22 no 

frontocentral 23.98 21.87   3.01 0.01 yes 

 

 

Table 14. Median ADQ before and after training. 

 ADQ 

 pre post V-value p-value sign.? 

left temporal 0.04 0.05 9 0.03 yes 

right temporal 0.05 0.05 31 0.65 no 

left prefrontal 0.08 0.08 16 0.14 no 

right prefrontal 0.06 0.07 33 0.72 no 

left parietal 0.06 0.07 27 0.5 no 

right parietal 0.07 0.07 37 0.84 no 

posterior 0.06 0.06 22 0.31 no 

frontocentral 0.06 0.09 8 0.02 yes 
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