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Figure 2. Brain electrical activity mapping before (A) and after neurofeedback (B) in Patient 1.

Average Total Power

The average total power for this patient was calcu-
lated by averaging the total power from each of the 19
electrode leads. The average total power for the pa-
tient (7.3 * 0.3 wV?) was significantly lower than the
average total power of the control subjects (N = 20;
25.1 £0.8 pV% p < .0001).
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Average Power with Respect to Frequency Bands

Average power was calculated for the following four
frequency bands (Table 4): delta (2—4 Hz), theta (4-7
Hz), alpha (8—13 Hz), and beta (14-21 Hz). The aver-
age total power of these frequency bands was signifi-
cantly reduced when compared to control values. Sub-
dividing the alpha band into alpha, alpha,, and alphas
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Figure 3. Power spectra before (A) and after neurofeedback
(B) in Patient 2.

revealed significant differences for all three bands
(Table 5). The average power of all three alpha sub-
groups was significantly reduced when compared to
control values.

Topographical illustration of the QEEG data re-
vealed two beta foci located in C3 and C4 (Fig. 4).
Over a period of 1 week, nine NFB sessions (each 90

Table 3. Comparison of Pre- and Postneurofeedback
Quantitative Electroencephalography Data

Eyes Eyes
Closed Open
Frequency Change Change
Bands (%) (%)
Delta -36 12.5
Theta -23 4.0
Alpha 52.1 26.4
Beta 6.7 104
Alpha, -25.6 44
Alpha, 98.4 29.1
Alphas 69.4 30.6

Note: Percent changes of power (wV?) for different frequency bands.

Table 4. Average Power (wV?) of Delta, Theta, Alpha,
and Beta Frequency Bands

Delta Theta Alpha Beta
(V32 (nVv?) (nV?) (nv?)
Patient* 49+03 46*04 9409 86=*07

Control group* 140 *05 14305 54832 163*=07

* Values expressed as mean plus or minus the standard deviation.

Table 5. Average Power for Alpha, Alpha,, and
Alpha; Bands

Frequency Gender Patient* Control*
Alpha, (7-9 Hz) Female 3702 184 = 1.1
Alpha, (9-11 Hz) Female 39+04 239*1.5
Alpha; (11-13 Hz) Female 3.1+02 15614

* Values expressed as mean plus or minus the standard deviation.
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Figure 4. Topographical illustration of the distribution pat-
tern of the 18- to 22-Hz (A) and the 22- to 26-Hz bands (B) in
Patient 3.

minutes long, two sessions per day) were performed.
Measurements of the VestEP (Table 6) revealed short-
ened latencies for the rotation to the right and to the
left. After NFB, a shortened latency was noted only for
wave V when rotating to the left. A further improve-
ment of the latencies was noted 12 months after the ces-
sation of NFB therapy.

The comparison of the results of the SCL-90-R
questionnaire indicated normalization of depression,
fear, and phobia (Table 7). After NFB, the patient suf-
fered no more panic attacks and was emotionally sta-
ble, and her tinnitus was only occasionally present.

DISCUSSION

NFB represents a window of opportunity for assessing
and shifting any given brain state [15]. NFB has been
employed for treatment of patients suffering from at-
tention deficit hyperactivity disorder, generalized anxi-
ety disorder, depression, conduct disorder, epilepsy, post-
traumatic stress disorder, and drug addiction [10,16-20].
Our study revealed that NFB is an effective therapy for
the treatment of patients suffering from vertigo and diz-
ziness or tinnitus.

Computer-assisted EEG analysis clearly demon-
strated prominent differences before and after NFB for
both patients suffering from vertigo and dizziness. In
both cases, a decrease of the power of the delta and
theta bands was observed. However, an increase of the
power of the alpha band was noted after NFB. Most in-
terestingly, in both cases, the frequency of the domi-
nant band increased by 2 Hz, from 6 to 8 Hz and from
8 to 10 Hz. The VestEP revealed a normalization of the
late latencies, which are associated with frontal areas,
most likely reflecting a high level of supranodal pro-
cessing with sensory information [21].

Topographical illustration of the EEG data from the
tinnitus patient indicates two beta foci in the central re-
gion. Similar results have been reported by Weiler et al.
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Table 6. Mean Peak Latencies of the Vestibular Evoked Potentials Component Before and After Neurofeedback

Mean Peak Latencies (msec)

Rotation Wave I Wave I1 Wave 111 Wave IV Wave V Wave VI
Preneurofeedback data
Right 85 175 250 415 535 745
Left 70 155 305 415 540 725
Control* 77 £ 10 182 =9 336 = 18 476 = 16 632 + 19 802 £ 19
Postneurofeedback data (1 wk)
Right 90 185 325 540 675 815
Left 110 235 325 460 555 805
Control* 77 = 10 182 +9 336 = 18 476 = 16 632 + 19 802 = 19
Postneurofeedback data (12 mo.)
Right 85 245 290 485 615 795
Left 90 235 280 485 645 775
Control* 77 =10 182 9 336 = 18 476 £ 16 632 + 19 802 = 19

* Values expressed as mean plus or minus the standard deviation.

Table 7. Results of the SCL-90-R Questionnaire Before
and After Neurofeedback

Item Pre-NFB Post-NFB p Value
Insecurity 56 45 NS
Depression 62 59 0.05
Fear 62 58 0.05
Aggression 56 56 NS
Phobia 62 43 0.001

NFB = neurofeedback; NS = not significant.

[2,3]. Measurements of the VestEP after NFB revealed
normalization of the latencies. A follow-up measure-
ment (12 months after NFB) of the VestEP confirmed
that the NFB-induced changes of the latencies re-
mained stable. This indicated that NFB induces lasting
changes of the subject’s neurophysiology and neuro-
chemistry. In summary, NFB is a suitable tool for treat-
ing patients suffering from tinnitus or vertigo.
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