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CHAPTER 46

Neurofeedback for treating tinnitus
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Abstract: Many individuals with tinnitus have abnormal oscillatory brain activity. Led by this finding, we
have developed a way to normalize such pathological activity by neurofeedback techniques (Weisz et al.
(2005). PLoS Med., 2: e153). This is achieved mainly through enhancement of tau activity, i.e., oscillatory
activity produced in perisylvian regions within the alpha frequency range (8-12Hz) and concomitant
reduction in delta power range (0.5—4 Hz). This activity is recorded from electrodes placed on the frontal
scalp. We have found that modification of the tau-to-delta ratio significantly reduces tinnitus intensity.
Participants who successfully modified their oscillatory pattern profited from the treatment to the extent
that the tinnitus sensation became completely abolished. Overall, this neurofeedback training was signifi-
cantly superiorin reducing tinnitus-related distress than frequency discrimination training.
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Tinnitus in relation to abnormal oscillatory brain
activity?

Subjective tinnitus, an auditory sensation that
appears without the presence of an external phys-
ical source of the sound is a symptom rather than
a nosological entity. Treatments of this condi-
tion have included cognitive-behavioral therapy
(Andersson, 2002), psychotherapy (Goebel, 2001),
“tinnitus retraining therapy” (Jastreboff and
Jastreboff, 2006), biofeedback (Landis and
Landis, 1992), physical therapy (Rief et al., 2005),
transcranial magnetic stimulation (Langguth et al.,
2006), auditory frequency training (Flor et al.,
2004), prolonged rest and relaxation (Weber
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et al., 2002), and the administration of such agents
as lidocaine (Kalcioglu et al., 2005). Despite
isolated reports of success, no treatment has been
found to be effective in general (Dobie, 1999).
Several central nervous phenomena have been
proposed to explain the emergence of tinnitus.
However different, all assume a decisive role of
reduced afferent input to central auditory regions
usually due to damaged hair cells of the cochlea.
One proposed mechanism draws analogies to
somatosensory phantom pain, where somatotopic
maps reorganize as a result of altered afferent
input (Elbert and Heim, 2001). Reduced sensory
input to central neurons may change their recep-
tive fields and make them become sensitive to in-
put from neighboring regions through expression
of neural plasticity (see Chapter 3). In the auditory
system this may lead to an overrepresentation of
audiometric edge frequency regions, and that may
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cause the phantom sensation of tinnitus. In the
somatosensory system such map reorganization,
has been shown to be linearly correlated with the
amount of phantom limb pain (Flor et al., 1995)
(Chapter 4). Reorganization of the auditory
cortex occurs after hearing loss as shown in
many studies in animals (Eggermont and Roberts,
2004). One magnetoencephalographic (MEG)
study in humans with tinnitus has shown distor-
tions of the tonotopic map in auditory cortex that
was related to the tinnitus sensation (Muhlnickel
et al., 1998).

Training that aims at reestablishing afferent in-
put would be expected to reverse maladaptive re-
organization. Clinical studies have used frequency
discrimination trainings (FDTs) targeted at the
region around the tinnitus frequency (Flor et al.,
2004), or within the deafferented frequency region
(see Fig. 4, p. 494), but without noticeable benefit
regarding tinnitus. Nevertheless, these negative
clinical findings need not necessarily contradict
that map reorganization may be sufficient to pro-
duce tinnitus (Weisz et al., 2006) (Chapter 6).
Hair-cell damage that alters the cochlear frequency
processing may have interfered with the attempts
to direct afferent input to specific neuronal assem-
blies.

Deprivation of input to the auditory system may
alter spontaneous activity in groups of neurons.
Given that tinnitus is a continuous sensation, there
should be an ongoing neural signal that codes the
perpetual sensation. The question one must ask is
how does intrinsic activity elicit a sensation?
Different assumptions from animal research have
been made regarding the relation between altered
neural activity and tinnitus. It has been hypothe-
sized that tinnitus may be caused by increase of
firing rates or altered synchrony of firing (Egger-
mont and Roberts, 2004). Since the onset of tin-
nitus usually follows noise trauma, which also
alters neural synchrony (Norena and Eggermont,
2003), these two phenomena may be related. In
individuals with tinnitus, we found an abnormal
ongoing spontaneous pattern of magnetic brain
activity (Weisz et al., 2005). Both MEG and elec-
troencephalography (EEG) represent the summed
activity of many neurons and reflect synchronous
activity in entire neuronal populations. In

individuals with tinnitus abnormalities in the
MEG are pronounced in recordings from tempo-
ral regions where slow waves in the delta range
(0.5-4Hz) are increased, and the alpha activity
(8-12Hz) is reduced. The abnormalities were
strongly correlated with the level of tinnitus-
related distress (see Fig. 1).

Similar patterns were observed in other disor-
ders, and Llinas et al. (2005) hypothesized that
deprivation of input in general (in this case hearing
loss), leads to hyperpolarized thalamic neurons,
which in turn trigger bursting activity at ~4Hz
(Jeanmonod et al., 1996). The bursting activity
spreads across large parts of the cortex and can be
detected on a macroscopic level as changes in re-
corded MEG or EEG. The slow-wave activity
in MEG or EEG recordings could also be the
result of hypoactivation of cortical neurons. The
described bottom-up process could also activate
top-down pathways by input from cortico-limbic
pathways, which modulate emotional and motiva-
tional processing. Slow oscillatory activity could
be the neural signature of the coupling between
anatomically distant brain regions, as occurs in
normal information processing (Sauseng et al.,
2005). However, enhanced slow oscillatory activity
was not the only observed abnormality in the
MEG of individuals with tinnitus; reduction of
alpha power around 10Hz in recordings from
temporal regions (so-called tau rhythms) is
hypothesized to be a normal reaction to sound
(Hari and Salmelin, 1997; Lehtela et al., 1997). As
individuals with tinnitus continuously hear an in-
ternal sound, it is conceivable that the power of
their tau rhythms is reduced. Weisz et al. 2007
(Chapter 6) provide more information regarding
the relationship between ongoing oscillatory
activity and tinnitus.

Slow wave EEG activity, especially that occur-
ring during sleep, has been associated with brain
silence and the decrease of thalamic input to the
cortex (Steriade and Timofeev, 2003). In the wak-
ing state, slow waves in the EEG occur in many
developmental and degenerative disorders, in toxic
and metabolic encephalopathy, and in other neu-
rological conditions. The anatomical location of
focal neural generators of slow waves is usually in
the vicinity of structural lesions such as cerebral
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Fig. 1. Distribution of correlation coefficients between the tinnitus-related distress (score on the Tinnitus Questionnaire) and the
power in alpha, delta, and a frequency index of both bands, respectively. Effects are largest for right temporal and left frontal sources.

(Adapted with permission from Weisz et al., 2005.)

infarcts, contusions, local inflammations, tumors,
and subdural hematoma (Walter, 1936; Tanaka
et al., 1998; de Jongh et al., 2003). The output of
these generators varies with the level of metabo-
lism and blood flow and depends on the magnitude
of the insult (Strik et al., 2002; Hensel et al., 2004).

We consequently propose that neural networks
in at least three regions are involved in tinnitus,
namely: temporal areas, which are relevant for the
processing of perceptual features of tinnitus, and
frontal and limbic regions, which are involved in
processing the emotional and motivational fea-
tures (i.e., the perceived distress) of the phantom
sound. Slow oscillatory activity couple the in-
volved regions together. The normal auditory al-
pha/tau rhythms are reduced due to a permanent
processing of this internal sound (tinnitus). If these
elements were of fundamental importance in the
generation of tinnitus, normalization of the aber-
rant rhythms would be expected to alleviate tin-
nitus. In the present study, we have explored the

possibility to modify this abnormal activity
through the technique of neurofeedback, i.e., by
recording the EEG signal, extracting relevant
parameters, and displaying this information to
the person with tinnitus.

Neurofeedback: background and previous
application

In individuals with chronic tinnitus the aim was to
modify the aberrant rhythms in the EEG —
mainly the enhanced delta and reduced tau power.
The technique is described in detail elsewhere
(Dohrmann et al., submitted). If the abnormal
brain rhythms were causally related to the tinnitus,
it would be expected that changing the spontane-
ous activity pattern would modify the tinnitus and
its associated distress.

Neurofeedback has proven to be effective in
modifying the characteristics of spontaneous and
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evoked brain activity (see review by Rockstroh
et al., 1984). By means of an EEG-based training
method, individuals can learn to self-regulate
distinct features of their ongoing brain activity,
such as the power in a certain frequency band.

The principles of neurofeedback are: the EEG
signal is recorded, processed, and converted into a
contingent auditory and/or visual feedback signal
for the patient. Training for the task of neuro-
feedback aims at teaching the patient an associa-
tion between the signal and the most recent mental
state. Instantaneous feedback to the patient is
crucial for training. If the patient is successful in
changing the EEG and the brain activity reaches
a certain pre-defined level, the patient receives a
reward, such as a smile or applause.

Research using neurofeedback began in the late
1960s with work on uncontrolled epilepsy as well
as training in alpha feedback for relaxation (Now-
lis and Kamiya, 1970; Travis et al., 1974). Today,
it is applied to the field of epilepsy (Elbert et al.,
1991; Rockstroh et al., 1993) and attention deficit/
hyperactivity disorders (AD/HD) (e.g., Monastra
et al., 2000; see also Rockstroh et al., 1990). Al-
though the investigation of neurofeedback in treat-
ment of AD/HD stands in the forefront, there is a
lack of standardized parameters of implementa-
tion (such as number of sessions, controlled
clinical trials, parameters of success, registration
of the EEG activity; see Duffy, 2000; Ramirez
et al., 2001).

Studies exploring the effect of neurofeedback on
tinnitus are scarce. Two studies (Gosepath et al.,
2001; Schenk et al., 2005) have supported the
assumption that distress in general is associated
with a reduction in the power in the alpha band
recorded from the posterior scalp and enhance-
ment of the power in the beta (14-30 Hz) band. On
the basis of these findings it has been hypothesized
that the vicious circle of strain, anxiety, and
depression that is initiated in tinnitus can be in-
terrupted through relaxation and by upregulating
the alpha activity (sign of increased relaxation)
and downregulating the beta activity (sign of
decreased stress).

The approach described in this chapter differs
essentially in that the activity being modified is
different in terms of its anatomical localization

and its presumed type of generators (Dohrmann
et al., submitted). While posterior sites have been
the regions of interest in many studies, we focus on
temporal and frontal regions, which we believe are
mainly involved in the psychoacoustic and distress
aspects of chronic tinnitus. We therefore record
EEG from F3, F4, Fcl, and Fc2 positions on the
scalp. First, the tau activity is in the frequency
range of alpha activity but is presumed to be
generated in sylvian regions of the brain, including
the auditory cortex, from where it projects to
frontal regions. Secondly, the slow-wave activity
would be an indication of deafferented tinnitus-
related neuronal networks and not only a sign of
general distress. More specifically, the deafferented
thalamus might degenerate causing the respective
cortical drive to cease.

While it seems logical to assume that distress
from tinnitus is related to its loudness it is also
conceivable that a relief of distress results in a
reduction of the tinnitus intensity. Nevertheless, it
has been reported that loudness and distress
are relatively marginally connected (Henry and
Meikle, 2000). These conclusions could, however,
depend on the procedures used to treat tinnitus.
Most therapies focus on coping with the annoy-
ance of the tinnitus and less on reduction or abol-
ishment of the tinnitus itself (Andersson and
Lyttkens, 1999). The advantage of neurofeedback
over input-based (sound) therapies such as FDT,
which are based on assumptions of central nervous
reorganization, is that the treatment using neuro-
feedback is not affected by hearing loss.

Effects of a specific tau/delta neurofeedback
training

Based on the hypotheses outlined above, we com-
pared the effectiveness of different neurofeedback
protocols in reducing the tinnitus in 21 individuals
with chronic tinnitus (9 females and 12 males, age
31-62, median 48 years). The mean duration of
their tinnitus was 8.7 years (SD+7.4), the mean
tinnitus intensity of 25dB HL (SD+11.7), and a
mean distress level of 26.5 points (slight distress;
SD +15.3) on the Tinnitus Questionnaire (Goebel



477

Fig. 2. The schematic fish on the patient monitor that was to be “‘moved”” up or down (depending on the feedback protocol) during
neurofeedback training. The height of the fish represented the amplitude/power of the specific frequency band. (By courtesy of Eldith©
Corporation, Germany.) (See Color Plate 46.2 in color plate section.)

and Hiller, 1998), distress scale from 0 (no distress)
to 84 points (very severe distress).

The participants in the study underwent a train-
ing program comprising 10 sessions (net training
time per session: 30min) over the course of 4
weeks. EEG was recorded from electrodes place at
fronto-central positions (F3, F4, Fcl, and Fc2).
Eleven participants aimed at enhancing the ratio
of tau-to-delta power (TDR), five participants
aimed at enhancing tau power (without feedback
about delta power), and five participants aimed
at reducing delta power (without feedback about
tau power).

Feedback was provided through the use of a
symbol (e.g., a fish; see Fig. 2) that moved from
left to right on a computer screen. A rise of the
symbol indicated successful enhancement of the
TDR and the tau power, respectively. In the delta
protocol group, a drop in the symbol indicated
successful decrease of delta power. A sunshine
symbol indicated that the participant had reached
an individually adjusted threshold. Participants

were given no particular instructions on how to
obtain the anticipated change in the EEG activity
but they should change their mental activity to get
the symbols on the screen to move in the antici-
pated way. We also asked them not to engage in
any muscular activity, including eye movements
and blinks that they might think would facilitate
the changes in their EEG activity as indicated by
the movement of the figures on the screen.

We monitored training success by matching
the intensity of the tinnitus to a 1kHz test tone
(psychoacoustic measure using the audiometer) as
well as by measuring the power in the appropriate
frequency bands of the resting EEG each before
and after the training. It must be emphasized that
the participants in the study were unaware of the
intensity values they matched to their tinnitus.
Various measures of distress related to tinnitus
were surveyed once a week using a German
Tinnitus Questionnaire (Goebel and Hiller,
1998). Tinnitus status was also measured at a
6-week and 6-month follow-up post-training.
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EEG normalization

For every pre and post session we calculated the
tau-to-delta power ratio and the results showed a
significant enhancement of this TDR with an effect
size of 0.67. Overall, participants showed an im-
provement of 71% (ranging from 32% to 325%).
As shown in Fig. 3, participants improved with
regard to normalization of their TDR within a
session (after training the EEG power is above its
values before the training). This normalization de-
velops gradually between sessions, confirmed by an
ascending linear trend for pre (p = 0.016) and post
(p = 0.007) TDR-values.

The achieved normalization of the EEG did not
differ significantly among groups with different
feedback protocols (p = 0.8, repeated measures
ANOVA with between-subject factor “‘group”
comprising the three levels: tau, delta, and tau/
delta) (Table 1).

Many of the participants who were extraordi-
narily successful in controlling their brain oscilla-
tion reported that they would start a session by
putting themselves in a mental state of relaxation
using approaches they had learned in courses on
autogenic training or that they developed

personally. One participant who achieved com-
plete relief from tinnitus at the end of treatment
had imagined good experiences of job-related
success.

Reduction of tinnitus

Starting with a tinnitus intensity of 25dB HL on
average (SD+11.7), participants reduced the in-
tensity of their tinnitus to a mean of 16dB HL
(SD+13.3) after the training period and then
maintained the intensity level below baseline for 6
weeks and 6 months later (20+13.7dB and
17.44+11.9dB, respectively). During training, the
intensity of the tinnitus did not decrease as

Table 1. Allocation of the three different neurofeedback proto-
cols

Group  Group  Feedback Treatment goal

size measure
1 5 Tau (8-12Hz) Enhancement of tau
2 5 Delta (1-4 Hz) Reduction of delta
3 11 Tau/delta-ratio Enhancement of the

tau/delta-ratio
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Fig. 3. Development of the mean tau/delta values in the 5min resting EEG before (dashed line and triangles) and after (filled circles
and solid lines) the neurofeedback session. The values are calculated over the whole training group (n = 21), independent of the three
feedback protocols. It is evident that the post-tau/delta ratio of every session lies above the pre-ratio (within learning effect; even the
differences are not significant, tested with f-test). Moreover, there is an improvement between the sessions, showing a gradually

ascending linear trend.



gradually as the EEG power ratio, but did so sub-
stantially in the first five sessions, and to a lesser
extent in the second half of the training. Again,
there is no significant difference between the
reductions of the three protocol groups.

The individuals who participated in the training
reduced their tinnitus-related distress from a mean
of 27 (SD +15.3) points on the Tinnitus Question-
naire before training to a mean of 19 points
(SD +15.3) after the tenth session. In the follow-
up measures participants showed a mean of 20
points (SD+18.0) after 6 weeks and a mean of
20.5 points (SD+20.2) after 6 months. It should
be noted that changes from the very low baseline
level are indeed noteworthy given that many clin-
ical studies only investigate participants presenting
with high levels of distress.

Frequency discrimination training

The outcome of the pooled neurofeedback groups
(N = 21) was compared to a group (N = 27) who
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received auditory FDT targeted to achieve map
normalization, i.e., a reduction of the hearing-loss
induced reorganization of neural structures. The
use of FDT was inspired by the finding of map
reorganization in some individuals with tinnitus
(Mubhlnickel et al., 1998).

There were 27 participants, 23 men and 4
women, in the FDT group; their age ranged from
24 to 65 years with a median age of 55. The mean
duration of their tinnitus was 9.1 years (SD +7.58,
range of 1-32 years).

Both the neurofeedback and the FDT group
received 10 training sessions and 1 pre-training
session in which they received information about
the procedures they were to undergo. The level of
distress at baseline is similar for the two groups
(neurofeedback: mean of 27 (SD+15.3) points;
FDT: mean of 34.5 (SD 4+ 16.4) at first baseline and
29.5 (SD +16.8) directly before training start).

Participants in the neurofeedback group had a
significant decrease in the distress scores (Fig. 4)
while the distress experienced by the participants
in the FDT was not significantly affected by the
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Fig. 4. Mean distress values (1 standard error) for the frequency discrimination group (triangles) at the initial interview (pre 1), 1
week before training onset (pre 2), immediately following the training period (post), and 6 months follow-up, and the neurofeedback
group (circles) before training (pre 2), after (post), and 6 months later (follow-up); values for “pre 1”* are nonexistent. The gray bar
displays the training period. The asterisk indicates a significant difference between the groups after the training period, whereas there is
no significant difference at pre 2 and 6 months follow-up between the two training groups. Tinnitus distress was measured with the
German Tinnitus Questionnaire (TF) and comprises values from 0 to 84 points, with high values indicating severe distress. Both

samples have slight to moderate initial distress values (0-46).
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training. Expectancy of treatment produced a
reduction from 34.5 to 29.5 points on the Tin-
nitus Questionnaire before the actual start of
the training (pre 1 to pre 2), but no further reduc-
tion in distress then occurred due to the train-
ing. The finding that the FDT had little success
in alleviating distress in tinnitus is in agree-
ment with the results of other studies (Flor et al.,
2004).

Relation between EEG normalization and
tinnitus relief

The participants who successfully modified their
oscillatory brain activity had the greatest reduc-
tion in their tinnitus (Fig. 5) with a correlation
r=—.74 (t(18) = —4.69, p<0.001). The correla-
tions of change in the tau activity with the inten-
sity of the tinnitus (» = —0.29), and change in delta

activity with tinnitus intensity (r = 0.37), were not
statistically significant (p>0.05). Concerning the
distress, there is neither a significant correlation
between the change of TDR and distress change
(r = 0.22, n.s.), nor between each single frequency
band with the distress change.

Changes in the TDR may reflect changes in tau,
delta, or both. To determine the relevant predictive
parameter(s), participants were classified in four
groups based on their ability to modify tau and
delta irrespective of the feedback protocol. Partic-
ipants who modified both bands simultaneously
had the strongest tinnitus relief and some even
experienced complete relief from their tinnitus.
The average reduction in tinnitus intensity was
71%, which was significantly greater than achieved
by the other three groups (Fig. 6; comparison
with the “no change” group: t = 2.72, p = 0.017).
Participants who only changed one band did
not reduce their tinnitus significantly (tau: 26%;
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Fig. 5. Correlation between the change in tau/delta power (x-axis; displayed as the tau/delta ratio after the training divided by the tau/
delta ratio before the training) and the change in tinnitus intensity (y-axis; ratio between the intensity after the therapy and the intensity
before the therapy). Values in tau/delta change above 1 (dashed line) indicate a high normalization ( = enhancement of tau and/or
reduction of delta), whereas slight values in tinnitus intensity reduction (under the dashed line) indicate large reduction. Two patients
with large normalization show a tinnitus change of zero, indicating no tinnitus at post-training. The added line is the regression line
with the regressor of tinnitus intensity reduction and the predictor of tau/delta change. These analyses are independent from the

different feedback protocols.
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Fig. 6. Barplot of tinnitus intensity reduction depending on which frequency band could be modulated. This analysis is independent of
the three different feedback protocols. The whole training group is divided into four clusters depending on the value of tau change pre-
post training and delta change pre-post training being above or under the median of changes. The left cluster comprises patients with
values above the median of tau change and simultaneously under the median of delta change. These patients are referred to as the most
successful ones as they were able to alter both bands in the desired direction. At the same time, they had the greatest tinnitus intensity
reduction. The reduction is significantly higher than in subjects managing to alter delta (but not tau, second cluster from the left), or in
the ones managing to change tau (but not delta, third cluster), and finally those subjects who neither enhanced tau nor reduced delta
(fourth cluster). The reduction in the fourth cluster is ~16%, indicating a placebo effect.

delta: 36% reduction) compared to the patients
who showed no change at all. The “no change”
group also reduced their tinnitus intensity by 24%,
although these participants were not able to
normalize tau or (nor?) delta, thereby repre-
senting an estimate of the placebo effects of treat-
ment.

Neurofeedback in the future: notions and
suggestions for improvement

The results described above indicate that neuro-
feedback may be an effective tool for treatment of
chronic tinnitus patients. The neurofeedback pro-
tocol described above consisted of 10 training ses-
sions dispersed across 4 weeks. Compared to other
studies, this was a relatively small number of
treatment days. Gosepath et al. (2001) treated their
tinnitus participants for 12 days, Schenk et al.
(2005) for 15 days. We conducted a pilot study
with twice as many sessions (20 treatment days)
over 4 weeks and TDR-feedback as usual. All

four participants were able to normalize their
power-spectrum during the entire therapy. A
strong initial improvement was followed by a flat-
tening of the learning curve during sessions 11-20
suggesting that longer trainings may bear addi-
tional but small benefits. The intensity of the
training was greater in this group than the study
described above with five trainings a week for four
consecutive weeks. The competencies that patients
learn during the therapy must be continued in their
everyday life. We recommend that the use of
neurofeedback therapy for chronic tinnitus include
more than 10 sessions, ~3 days per week. Since the
abnormal oscillations in chronic tinnitus sufferers
have been occurring for several years, it requires a
significant amount of exercise to return them to
normal functioning.

Instruction

The results of the aforementioned neurofeedback
study suggest that success (i.e., alleviation of



482

tinnitus) depends on how much the individuals
are able to normalize their brain rhythms (see
Fig. 5). Participants who were not able to control
their TDRs did not benefit from the training.
This means that if this method is used in treat-
ment of patients with teaching of the patients re-
garding how to gain control over their brain
activity would likely improve the results of this
method.

The original basis for neurofeedback is learn-
ing through operant conditioning (Travis et al.,
1974; Rockstroh et al., 1984). Alternatively, in a
study of neurofeedback the signal alone may be
sufficient for training the participant. The feed-
back provided may raise awareness in the
participant enough that self-regulation of brain
activity can occur (Rockstroh et al.,, 1984).
Therefore, participants do not learn from the
therapist; rather they are provided feedback
when a particular emotional or mental state is
achieved and they learn through this feedback.
The optimal conditions for improvement may
indeed be a combination of a therapist or in-
structor teaching participants a behavior that can
lead to normalization of brain rhythms and pro-
vide the participant with feedback. Currently,
the workgroup of Del Bo (Milano, Italy) is
investigating the effect of a combined tau/delta
neurofeedback training, as proposed here, along
with the Tinnitus Retraining Therapy (Jastreboff,
20006).

Feedback protocol and electrode set-up

We used three different feedback protocols in the
study described above (TDR, tau alone, and delta
alone). Regardless of the protocol those partici-
pants who were able to change the TDR in the
desired direction benefited most from the training
(see Fig. 6).

On the basis of these results, we concluded that
the tau- and delta activity are not independent of
each other but are systematically connected. This
should be considered when this method is adapted
for clinical use in treating patients with tinnitus.
The ratio between the powers in these two EEG

bands is not an optimal measure of success in
changing the oscillations in the EEG for tinnitus
suppression because changes in one band are
enough to produce success in the training. We
therefore currently investigate the effects of a pro-
tocol that enables us to provide specific feedback
of the tau- and the delta band simultaneously.
For that purpose we display delta power on the
abscissa and tau power on the ordinate of the
computer display used by the person who is
undergoing treatment. A feedback symbol moves
across the monitor in two-dimensional space.
The person’s task is to bring the symbol into the
quadrant that represents an enhancement of
tau- and a reduction of delta activity and make it
stay there.

There are many possibilities as to where to place
the electrodes for recording the EEG signal that is
used for the training. In the present study we used
four electrodes placed at C3, C4, Fcl, and Fc2.
This setup was chosen because fronto-central
electrodes are likely to pick up activity from the
auditory cortex, which are largely tangentially
oriented. However, the measured activity also rep-
resented frontal regions. To see whether training
success is related to changes in temporal or in
frontal sources and to investigate their relationship
to the alleviation of tinnitus symptoms, whole-head
EEG-data might be helpful and are also currently
implemented in our ongoing neurofeedback
study.

Prediction of training success

It would be beneficial to be able to predict how
successful the training of a specific person would
be and that would make it possible to identify
patients who would benefit most from this form
of neurofeedback therapy. For that purpose we
performed a post-hoc regression analysis with the
pre/post-reduction of tinnitus loudness as the
dependent variable and with the following regres-
sors: pre tau power, pre delta power, pre/post-
change of the TDR, pre tinnitus loudness (dB), pre
tinnitus severity (measured with the ‘““Tinnitus
Questionnaire’), duration of tinnitus, age, sex,



and side of tinnitus perception. The power of tau
and delta before therapy, as well as the normal-
ization of both frequency bands (TDR pre/post),
were the only significant predictors for the reduc-
tion of tinnitus loudness. The model indicates that
parameters of the individual tinnitus perception
such as the duration of tinnitus, side of perception,
severity and loudness of tinnitus, or subject-spe-
cific factors such as age and sex, do not influence
the outcome of the therapy. It is rather the pattern
of oscillatory activity before and the amount of
normalization during the therapy that determines
the success in reducing the loudness of tinnitus.
The prediction of the model was highly significant
(p =0.001, Fy 19 = 10.1) and explained 81% of the
variance in tinnitus loudness reduction (adjusted
R? of 0.811).

In addition, we found the duration of tinnitus to
be negatively related to the success of the treat-
ment (r = —.41, p = 0.08). Thus, patients with a
short history of tinnitus profit most from the ne-
urofeedback training. Given the assumption that
there is a network of ongoing pathological neural
oscillations producing tinnitus, this observation
seems plausible. As a result, the longer the history
of tinnitus, the longer the history of abnormal
oscillations. These oscillations may then form a
stabilized neural network over time. If a patient
begins neurofeedback training shortly after the
onset of tinnitus onset, the connections of the tin-
nitus network may not yet be consolidated and are
thus more likely to revert back to a more regular
activity level.

Summary

The use of neurofeedback in the treatment of
chronic tinnitus is an emerging field of research.
Our approach is based on the modulation of spe-
cific abnormal oscillations. We focus on the nor-
malization of the tau-to-delta power ratio,
generated in temporal and possibly frontal areas.
The greatest reduction in the loudness of tinnitus
occurred in participants who were capable of nor-
malizing the TDR. Participants in this study ben-
efited more than participants in a study using
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auditory discrimination training to reduce tinnitus.
Modulation of specific abnormal brain oscillations
via neurofeedback seems to be a potential route
for alleviating the intensity and related psycholog-
ical distress of chronic tinnitus.

Abbreviations

AD/HD attention deficit/hyperactivity
disorders

EEG electroencephalography

FDT frequency discrimination training

MEG magnetoencephalography

TDR tau-to-delta ratio
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. Disapperance: 6

Better: 6

. No changes: 13

Worse: 1

Plate 37.2. Response to TENS treatment after 2 weeks. Tinnitus improvement was referred by 46% of the patients (disappearance +
better). (For B/W version, see page 392 in the volume.)

Plate 46.2. The schematic fish on the patient monitor that was to be “moved” up or down (depending on the feedback protocol) during
neurofeedback training. The height of the fish represented the amplitude/power of the specific frequency band. (By courtesy of Eldith©
Corporation, Germany.) (For B/W version, see page 477 in the volume.)
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