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Neurofeedback in fibromyalgia syndrome
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ÖZET
Fibromyalji sendromunda nörofeedback
EEGbiyofeedback (Nörofeedback-NFB), kiﬂilerin beyin dalgalar›n› de¤iﬂtirebilmelerini sa¤layan bir ö¤renme
stratejisidir. Bu olgu sunumunda, Fibromyalji Sendromu (FMS) bulunan üç hastaya NFB protokolü uygulad›k. Vizüel
Analog Skala ile a¤r› de¤erlendirmesi, yorgunluk, Hamilton Depresyon ve Anksiyete Çizelgesi Ölçe¤i, Back
Depresyon ve Anksiyete Çizelgesi Ölçe¤i ve SF-36 kay›tlar›, NFB uygulamas› öncesinde ve sonras›nda de¤erlendirildi.
On seans sonunda semptomlar›n ço¤u azald›. Ölçeklerin tümünde tedavi sonras› ilerleme kaydedildi. Bu çal›ﬂman›n
sonuçlar›, NFB uygulamas›na FMS tedavisinde yeni bir metot olabilece¤ini düﬂündürmektedir.
Anahtar kelimeler: Nörofeedback, Fibromyalji Sendromu, a¤r›
SUMMARY
EEG Biofeedback (Neurofeedback-NFB) is a learning strategy that enables people to alter their brainwaves. In the
present case study, we applied a NFB protocol on three patients with Fibromyalgia Syndrome (FMS). The existing
symptoms and clinical conditions of the patients attributed to FMS, Visual Analog Scale for pain and fatigue,
Hamilton Depression and Anxiety Inventory Scales, Beck Depression and Anxiety Inventory Scales, and SF-36 were
recorded before and after NFB training. Most of the symptoms were decreased after ten sessions. There was also
improvement in all of the scales after the treatment. The results of the present study may suggest NFB training as a
novel treatment method in FMS.
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Introduction
Electroencephalographic (EEG) biofeedback is an
operant conditioning procedure that supports the
individual’s ability to modify the amplitude, frequency or coherency of the neurophysiologic
dynamics of the brain (Egner and Gruzelier 2004).
Therapeutic application of EEG biofeedback is
often referred to as “Neurofeedback (NFB)”
(Vernon et al. 2003, Lubar 1997). NFB has various
clinical applications such as epilepsy, attention
deficit hyperactivity disorder, alcohol abuse and
post traumatic stress disorder. Sensorimotor
rhythm (SMR) training is one of the most commonly applied NFB protocol (Egner et al. 2004).
SMR is normally associated with a quiet body and
active mind. It is often depressed in anxiety,
panic, chronic pain, migraine, attention deficit disorders, mood disorders, and other stress related
disorders (Laibow 1999).
SMR activity is thought to be generated through
thalamocortical interactions during burst firing
activity in ventrobasal thalamic relay nuclei associated with the suppression of somatosensory
afferent gating (Howe 1972). SMR training
appears to facilitate thalamic inhibitory mechanisms. On the other hand, the trained enhancement of SMR activity has cognitive implications
such as reducing impulsiveness/hyperactivity,
enhancing attention processing and semantic
memory performance (Sterman 1996).
Fibromyalgia syndrome (FMS) is a disorder of
uncertain etiology characterized by widespread
musculoskeletal pain, increased tenderness in
multiple points, and several symptoms including
fatigue, sleep disturbances, morning stiffness,
headache, depression, irritable colon disease and
female urethral syndrome. FMS patients frequently complain of deficits in memory and attention.
Neuropsychological tests have revealed poor
working and long term memory, vocabulary
deficits and lower information processing speed.
In FMS perceptual amplification of pain, and neurosensitization are observed, both of which might
be related to disinhibitory mechanisms (Alanoglu
et al. 2005, Ozgocmen et al. 2002 and 2003, Howe
1972) demonstrated reduced P300 amplitudes in
patients with FMS. P300 has been proposed to
reflect the activation of inhibitory processes, the
amplitude of P300 reflects central nervous system
(CNS) inhibition; the larger the amplitude, the
more the inhibition (Tomberg and Desmedt,
1998). SMR training increases P300 amplitudes
which support the fact that SMR training facilitates
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thalamocortical inhibitory mechanisms (Egner and
Gruzelier 2001).
When taking into consideration this background
knowledge we hypothesized that NFB training
aiming to enhance the SMR activity might be a
useful therapeutic application in FMS patients. In
this preliminary study, SMR training was used to
alleviate the clinical symptoms of 3 FMS patients
aiming to put forward a new adjunctive therapeutic approach to FMS treatment.

Case Report
Three patients applied to Outpatient Clinic of
Physical Medicine and Rehabilitation Department
of Kocaeli University who were diagnosed as FMS
according to the criteria of American College of
Rheumatology (Wolfe et al. 1990). All the patients
reported that they did not receive any medication
or other treatments for their complaints regarding
FMS but only simple analgesics. SMR training was
performed by Alien Technik 3/32 setup and
BrainFeedback-3 EEG biofeedback software to all
of the patients. EEG was recorded from C4
(according to standard 10-20 system) with 46 Hz
band with and the reference electrode placed on
left, and the ground electrode on the right earlobe. Signal was acquired at 256 Hz, A/D converted and band-filtered to extract delta (1-4 Hz),
theta (4-7 Hz), alpha (8-12 Hz), SMR (12-15 Hz),
the beta1 (15-20 Hz), and “high beta” (22-30 Hz)
components. Impedance was kept below 5 KW,
and artifact-rejection thresholds were set separately for each patient to interrupt EEG fluctuations caused by eye and body movements. Band
amplitude values were transformed online into
visual feedback representations. The patients
were informed about the feedback system and
instructed to follow the continuous feedback
process and try to maximize their scores.
Whenever the patients enhanced SMR activity,
and decreased theta activity relative to pre-feedback baseline measures, rewards (points and
auditory beeps) were gained and so their scores
were increased. The treatment sessions were 30
minutes and the patients were trained 3 sessions
per week. The mean amplitudes of SMR, theta,
and theta/SMR ratios were recorded at baseline
and after treatment.
The signs and symptoms of FMS which are pain,
morning stiffness, subjective paresthesia, sleep
disorder, anxiety, headache, dysmenorrhea, irritable colon disease, depression, female urethral
syndrome and chronic fatigue were questioned.
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They were noted as present or absent before the
treatment; and as present, absent or decreased
after the treatment. Patients were also evaluated
by the following scales: A separate 10-cm visual
analog scale (VAS) for fatigue and pain, Hamilton
Depression Inventory Scale (HDS), Hamilton
Anxiety Inventory Scale (HAS), Beck Depression
Inventory Scale (BDS), Beck Anxiety Inventory
Scale (BAS), and Short Form 36 (SF-36). Subscales
of SF-36 are physical functioning, social functioning, physical role, emotional role, mental health,
vitality, bodily pain, and general health. SF-36 was
used to evaluate the impact of NFB on patients’
quality of life, with higher scores indicating better
quality of life.
Case 1: BC was a 33 years old woman working in
a university as a secretary. She had widespread
musculoskeletal pain, morning stiffness, sleep disorders, anxiety, headache, dysmenorrhea, irritable

colon disease, depression, paresthesia in hands,
and chronic fatigue for 2 years.
Case 2: IT was a 32 years old woman working as
an employee in a bank. Her complaints including
widespread musculoskeletal pain, morning stiffness, anxiety, subjective paresthesia, female urethral syndrome, irritable colon disease, depression, paresthesia in hands and chronic fatigue
started 4 years ago.
Case 3: CS was 31 years old woman working in a
university as an employee. She had the symptoms
of FMS including widespread musculoskeletal
pain, morning stiffness, sleep disorders, anxiety,
female urethral syndrome, headache, dysmenorrhea, depression, paresthesia in hands and chronic fatigue for 6 months.
Ten sessions of SMR training were performed to
each patient. Baseline and post-treatment values

Figure 1: Pre-treatment and post-treatment values of visual analog scale (VAS) for fatigue and pain,
Hamilton Depression Inventory Scale (HDS), Hamilton Anxiety Inventory Scale (HAS),
Beck Depression Inventory Scale (BDS), Beck Anxiety Inventory Scale (BAS), and short form 36 (SF-36).
Subscales of SF-36 are physical functioning.
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Figure 2: Changes in SMR and theta values, and theta/SMR ratios of the patients during NFB treatment.
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of VAS, HDS, HAS, BDS and BAS of each patient
are shown in figure 1, and amplitudes of SMR and
theta, and theta/SMR ratios are shown in figure 2.
The symptoms related with FMS were diminished
in most aspects in all of the patients after the treatment. Widespread musculoskeletal pain, morning
stiffness, sleep disorders, headache, irritable colon
disease, and chronic fatigue were resolved in
patient 1; widespread musculoskeletal pain, subjective paresthesia and female urethral syndrome
in patient 2; and widespread musculoskeletal
pain, morning stiffness, sleep disorders, female
urethral syndrome, headache and paresthesia in
hands in patient 3. VAS scores of pain and fatigue
decreased; the depression and anxiety scales also
revealed a prominent progression after SMR training in all patients. An improvement in all subscales of SF-36 was observed in patients 1 and 2.
Regarding EEG recordings, in all patients a tendency to increase and a tendency to decrease
were observed in SMR and theta/SMR values,
respectively.

Discussion
In this preliminary study, leaning on the theoretical basis of facilitator effect on thalamic inhibitory mechanisms of the SMR training, a new therapeutic approach was applied to 3 FMS patients.
Ten sessions of SMR training resulted in improvement in the clinical symptoms of all patients and
compromising results were obtained.
In the current literature researchers have examined the effects of NFB in treating a wide range of
psychiatric and other medical disorders including
seizure disorders, attention deficit disorder
(ADD), attention deficit hyperactivity disorder
(ADHD), alcohol abuse, post traumatic stress disorder, mood disorders, anxiety disorders, learning
disabilities, and chronic pain disorders (Kop et al.
2005, Monastra 2003, Monastra et al. 2002,
Laibow, 1999). In these various diseases, there
may be abnormal EEG frequency spectrum, and
NFB may facilitate modulation of excitation levels
in thalamocortical system by modifying the amplitude, frequency or coherency of the neurophysiologic dynamics of the brain. From the apparent
impact of SMR training on sensorimotor excitation, Lubar and colleagues have extrapolated the
application of SMR training to the treatment of
hyperactivity disorder (Shouse and Lubar 1979,
Lubar and Shouse 1976). In his 10 years follow-up
study, he reported that 80 % of ADD and ADHD
patients had improved by NFB (Lubar et al. 1995).
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The P300 component of cognitive event related
potentials (ERPs) is a positive potential reaching
its maximum peak at the parietal site in about
300-700 ms after a stimulus. The P300 has been
proposed to reflect attentional allocation and context updating processes of working memory
(Polich and Herbst 2000), and the activation of
inhibitory processes. The amplitude of P300
reflects central nervous system (CNS) inhibition;
the larger the amplitude, the more the inhibition
(Tomberg and Desmedt 1998), while its time of
occurrence (latency) reflects mental processing
speed (Polich and Herbst 2000); the earlier the
latency, the easier the processing. The finding of
reduced amplitude and prolonged latency of P300
might suggest decreased inhibitory processes
and/or depression. SMR training increases P300
amplitudes which support the fact that SMR training facilitates thalamocortical inhibitory mechanisms (Egner and Gruzelier 2001).
Chronic pain states have been associated with
reduced thalamic blood flow, whereas acute pain
increases thalamic blood flow (Mountz et al.
1995a). The reason for this difference is postulated to be an increasing disinhibition of the medial
thalamus with chronic pain Mountz et al. (1995b)
reported that FMS patients had a decreased thalamic and caudate blood flow compared to healthy
controls on single-photon-emission-computed
tomography imaging. Studies of ERPs may also
show the disinhibition of CNS physiology in various diseases. It was reported that P300 amplitudes
were reduced in clinical conditions like schizophrenia, alcoholism, ADHD, Parkinson’s disease,
and Alzheimer disease (Ozdag et al. 2004,
Pokryszko-Dragan et al. 2003, Van Der Stelt et al.
1998, Lagopoulos et al. 1998, Roth and Cannon
1972). Ozgocmen et al. (2002 and 2003), and
Alanoglu et al. (2005) demonstrated reduced P300
amplitudes in patients with FMS, and sertraline
was shown to increase the amplitude of P300
within eight weeks (Ozgocmen et al. 2003). Thus,
we can put forward an idea that some benefits
may be obtained by the treatment modalities
altering P300 like SMR training.
The current treatment methods including medications, exercise, physical and occupational therapies, biofeedback, cognitive-behavioral therapies
for FMS rarely lead to long term relief.
Practitioners often combine treatments to get the
best result and this is often convenient.
Psychological and psychophysiological factors
play a large role in FMS, and these factors influence central nervous system processes involved
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in the pathophysiology of FMS (Monastra, 2003).
So the interventions like EMG biofeedback, relaxation therapies, cognitive-behavioral therapies,
and NFB can have effect not only on the attitudes
and beliefs about symptoms and functioning of
the patients, but also on physiology and pain.
Besides, possible facilitator effect on thalamic
inhibitory mechanisms of SMR training also
helped us to predict that NFB can be a useful candidate for FMS treatment. Mueller et al. (2001) followed thirty FMS patients prospectively through a
brainwave-based intervention known as electroencephalograph - driven stimulation (EDS).
These patients, experienced significant reductions
in FMS symptoms; important improvements were
obtained not only in pain intensity but also in
cognitive processing difficulties, mood, sleep, and
fatigue. Regarding the wavebands, the mean
amplitudes of delta, theta and alpha were significantly reduced after the treatment.
In our study, after performing 10 sessions of NFB
treatment, most of the symptoms of the patients
were decreased, and certain progressions in HDS,
HAS, BDS, BAS, SF-36 and VAS were obtained in
three of the patients. On the other hand, when we
evaluate the wavebands, we found a tendency of
rising in SMR values, and a tendency of reducing
in theta values.
Although it is impossible to make definite conclusion from these three cases, the clinical improvements suggest that NFB might be a novel and an
adjunct treatment modality in FMS. Also when
considering the inhibitory effects of SMR training,
central disinhibitory mechanism might have an
important part in the pathophysiology of FMS.
Thus, it seems worth to perform further controlled
clinical trials with large samples and long-term
follow ups regarding NFB in FMS patients.
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