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Abstract
Background Electroencephalography (EEG) is a promising tool for identifying the physiological biomarkers of 
fibromyalgia (FM). Evidence suggests differences in power band and density between individuals with FM and healthy 
controls. EEG changes appear to be associated with pain intensity; however, their relationship with the quality of 
pain has not been examined. We aimed to investigate whether abnormal EEG in the frontal and central points of the 
10–20 EEG system in individuals with FM is associated with pain’s sensory-discriminative and affective-motivational 
dimensions. The association between EEG and the two dimensions of emotional disorders (depression and anxiety) 
was also investigated.

Methods In this cross-sectional pilot study, pain experience (pain rating index [PRI]) and two dimensions of 
emotional disorders (depression and anxiety) were assessed using the McGill Pain Questionnaire (PRI-sensory and 
PRI-affective) and Hospital Anxiety and Depression Scale (HADS), respectively. In quantitative EEG analysis, the relative 
spectral power of each frequency band (delta, theta, alpha, and beta) was identified in the frontal and central points 
during rest.

Results A negative correlation was found between the relative spectral power for the delta bands in the frontal 
(r= -0.656; p = 0.028) and central points (r= -0.624; p = 0.040) and the PRI-affective scores. A positive correlation was 
found between the alpha bands in the frontal (r = 0.642; p = 0.033) and central points (r = 0.642; p = 0.033) and the PRI-
affective scores. A negative correlation between the delta bands in the central points and the anxiety subscale of the 
HADS (r = -0.648; p = 0.031) was detected.

Conclusion The affective-motivational dimension of pain and mood disorders may be related to abnormal patterns 
of electrical activity in patients with FM.

Trial registration Retrospectively registered on ClinicalTrials.gov (NCT05962658).
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Introduction
Fibromyalgia (FM) is a hard-to-manage syndrome that is 
characterized by generalized and chronic musculoskel-
etal pain mainly in the tendons and joints. The location 
and intensity of pain can change over time and during 
the disease. Other symptoms include fatigue, sleep dis-
turbances, mood disorders, and cognitive dysfunction, 
such as memory and/or attention changes, descried as 
“fibro fog” [1–6]. With a prevalence of approximately 
2–4% in the general population [7], FM considerably 
affects patients’ quality of life due to functional impair-
ment related to activities of daily living and social par-
ticipation [8]. The socioeconomic burden of FM is very 
high; it is estimated that people with FM generate three 
times more costs (i.e., medical consultations and indirect 
costs related to loss of productivity) than individuals with 
chronic pain of other origins [9].

Diagnosing patients with FM in a primary care set-
ting is a complex task. In 1990, the American College of 
Rheumatology established a set of classification criteria 
for FM diagnosis. In 2010 and 2016, a positive diagno-
sis relied on the presence of multiple pain sites, includ-
ing other sleep, fatigue and “fibro fog” symptoms for at 
least 3 months [10]. Additionally, the ICD-11 criteria for 
fibromyalgia emphasize the emotional distress associated 
with the condition, recognizing it as a core component of 
the syndrome [11]. However, because its diagnosis relies 
primarily on the presence of a standardized set of symp-
toms that are vague and generalized, FM is frequently 
misdiagnosed and more than 75% of those patients are 
estimated to remain undiagnosed [12]. Therefore, it is 
crucial to identify reliable biomarkers that could help in 
diagnosis and clinical decision-making for choosing the 
best treatment.

Over the last few decades, quantitative electroenceph-
alography (qEEG) has been used as a tool for detecting 
changes in brain activities associated with several disor-
ders [13, 14], including FM [15]. Previous studies suggest 
that power band and density differences exist between 
individuals with FM and healthy controls [16–20]. In 
addition, some studies have pointed out that distinct EEG 
patterns are related to clinical symptoms of FM, such as 
depression [16, 20], fatigue, and pain [18, 19]. Indeed, 
patients with chronic pain present abnormal patterns of 
brain activity, mainly in those areas related to pain pro-
cessing, such as the anterior cingulate cortex and pre-
frontal cingulate cortex [1, 19]. Pain duration may be 
linked to the predominance of specific frequency bands, 
such as reduced delta spectral power in the insula. Addi-
tionally, a predominance of beta spectral power in the 
front medial area was previously identified in patients 
with anxiety and depression scores [1]. In general, sig-
nificant differences in cortical activity in patients with 
FM during resting state, with decreased absolute power 

of delta (0.5 to ≤ 4  Hz), theta (> 4 to ≤ 8  Hz), and alpha 
(> 8 to ≤ 13  Hz) and increased beta activity in the fron-
tal and central brain areas have been observed [15, 21]. 
Studies have investigated the relationship between EEG 
patterns and pain sensation [22] or pain intensity [23] in 
FM. Although pain intensity emerged as the predominant 
outcome domain in these studies, exploring the potential 
correlation between changes in cortical activity in FM 
patients and the specific qualities of pain they experi-
ence could yield valuable biomarkers. These biomarkers 
might enable more effective personalized management of 
FM [24–26].

The experience of pain can be described along two 
main dimensions: the sensory-discriminative dimen-
sion, comprising spatial, temporal, and intensity prop-
erties, and the affective-motivational dimension related 
to the motivational aspect of pain, as well as the behav-
ioral and autonomic reactions evoked [21, 22]. Previous 
studies point toward a relative specialization of cerebral 
areas for processing such dimensions of pain [27, 28]. 
Interestingly, patients with chronic pain present a higher 
activation of specific brain areas such as the ventrome-
dial prefrontal cortex, dorsolateral prefrontal cortex, and 
anterior cingulate cortex, all of which are affective-moti-
vational areas. The predominant engagement of frontal 
and central brain regions in pain processing, along with 
the abnormal patterns of EEG activity in patients with 
chronic pain, particularly those with FM, emphasizes the 
importance of conducting thorough investigations into 
the experiences of pain quality.

Methods
Study design and setting
This pilot study was conducted in a cross-sectional and 
exploratory design. The study was carried out in the 
Laboratory of Applied Neurosciences of the Universi-
dade Federal de Pernambuco, Recife-Brazil from 2021 to 
2022. The sample was not probabilistic, and all partici-
pants were recruited from reference services in Pernam-
buco and digital media announcements. The STROBE 
checklist for cross-sectional studies was adhered to in the 
development of this study.

Objectives
We aimed to investigate whether the abnormal EEG 
activities in frontal points of the 10–20 EEG system as F3, 
F4, Fz, F7, and F8 and central points as C3, C4, and Cz of 
patients with FM are differently associated with the sen-
sory-discriminative and affective-motivational dimen-
sions of pain. In addition, we investigated the association 
between EEG activities and two dimensions of emotional 
disorders (depression and anxiety).
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Participants
Participants, both with a diagnosis of FM (FM group) and 
without (control group), enrolled in this study. Female 
participants with FM diagnosis (aged between 18 and 
60 years old) were recruited and included if they met the 
following criteria: FM diagnosis according to the 2010 
American College of Rheumatology criteria [29] at least 
3 months before participation in the study; widespread 
pain index (WPI) of at least 7 and a symptom severity 
scale (SS) that equals 5, or a WPI between 4 and 6 and 
an SS of at least 9; generalized pain, defined as pain in at 
least four regions of the body assessed via the Pain Rating 
Index.

Self-reported and pain-free healthy participants (con-
trol group), who are sex and age-matched with par-
ticipants with FM, were also included. Participants with 
autoimmune or inflammatory diseases that cause pain, 
such as rheumatoid arthritis, systemic lupus erythema-
tosus, or inflammatory bowel disease were excluded. 
Additionally, participants with a history of neurological 
or psychiatric disorders, cognitive impairment, a history 
of alcohol or drug addiction, and any contraindication for 
EEG as excessive seborrhea, scalp infection, or pediculo-
sis, were also excluded from the study.

Clinical outcomes
The primary outcome was pain. We used the McGill Pain 
Questionnaire (MPQ) to classify pain in two dimensions: 
sensory-discriminatory and affective-motivational [25, 
30]. The MPQ is a multidimensional, easy-to-use assess-
ment of pain that consists of 15 representative words 
from the sensory (11) and affective (4) categories. Each 
category was rated on a 4-point rating intensity scale 
(0 = none, 1 = mild, 2 = moderate, or 3 = severe) [31]. Two 
scores of the pain experience (Pain Rating Index; PRI) 
were obtained by MPQ: PRI sensory (PRI-S; the sum 
of groups 1–11; total score range: 0–33) and PRI affec-
tive (PRI-A; the sum of groups 12–15; total score range: 
0–12). Depression and anxiety were assessed as second-
ary outcomes using the Hospital Anxiety and Depres-
sion Scale (HADS) [32]. The scale consists of a 14-item 
self-report instrument that is divided into two subscales 
for anxiety and depression, each containing seven items. 
The scoring is associated with a Likert-type scale ranging 
from 0 to 3, and each subscale is evaluated on a range of 
0–21 points, with a total score ranging from 0 to 42. A 
higher score indicates a more severe level of anxiety or 
depression disorder [33]. The Fibromyalgia Impact Ques-
tionnaire (FIQ) was used to assess the overall impact of 
fibromyalgia on daily lives of participants, measuring 
physical functioning, work status, depression, anxiety, 
sleep, pain, stiffness, fatigue, and well-being. It consists of 
10 items, with a total score ranging from 0 to 100, where 

higher scores indicate a greater impact of fibromyalgia on 
the life of individual [34].

Experimental procedures
The experimental procedures of the study were approved 
by the Ethics Committee of the Universidade Federal 
de Pernambuco (4.638.767). This work was performed 
in accordance with the Declaration of Helsinki. Writ-
ten informed consent was obtained from all study par-
ticipants. The study was retrospectively registered 
(Registration Date: 18th July 2023) on ClinicalTrials.gov 
(NCT05962658).Each participant took part in one ses-
sion that lasted approximately 2 h. All participants with 
FM were instructed not to change their medication use 
or eating habits before the session [20, 21]. Initially, clini-
cal and sociodemographic evaluations were conducted. 
Next, participants were placed in an isolated room with-
out communicating with the external environment. They 
sat in a comfortable chair and were asked to stay relaxed. 
EEG signal recording was performed with digital EEG 
equipment (Neuron-Spectrun/Neurosoft, Russia) using 
Ag/AgCl electrodes positioned on the scalp with conduc-
tive gel following the international 10–20 EEG system 
[27], with a maximum impedance of 10 kΩ. Additionally, 
a ground electrode was positioned on the lateral third of 
the right clavicle, whereas two reference electrodes were 
positioned over the right and left mastoid processes. 
Participants kept their eyes closed for 120  s during the 
recording.

EEG data acquisition and processing
We recorded the relative spectral power of each fre-
quency band (delta, theta, alpha, and beta) at F3, F4, Fz, 
F7, F8, C3, C4, and Cz. The sampling rate for recording 
the 500 Hz signal was captured by the Neuron-Spectrum 
signal amplifier and recorded by the Neuron-Spectrum-
4/P omega software (Neurosoft - SN 0117TS-2009, Rus-
sia). Additionally, high-pass (0.5  Hz), low-pass (35  Hz), 
and notch (60 Hz; suitable for 220 V mains) filters were 
applied during data acquisition and processing. The col-
lected data were preprocessed using the EEGLab tool-
box in MATLAB® software (version R2014a; Natick, MA, 
United States). In addition, an Independent Component 
Analysis (ICA) was performed using the ICA algorithm 
to separate the components related to biological artifacts 
such as eye movements and muscle activity. The rejection 
of these components was achieved through the Multiple 
Artifact Rejection Algorithm (MARA), considering a 50% 
cutoff point [35]. For the frequency analysis of the rela-
tive spectral power, the fast Fourier transform method 
was used for each epoch of 30 s. The dominant frequency, 
i.e. the frequency with the greatest power in the signal, 
in each participant was identified for each electrode. 
Spectral power density assessment was also performed, 
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for each frequency band: delta − (0.5 and ≤ 4  Hz); theta 
- 𝜃 (> 4 to ≤ 8  Hz); alpha1 – 𝛼1 (> 8 to ≤ 11  Hz); alpha2 
(> 11 Hz); beta1 – 𝛽1 (> 13 to ≤ 19 Hz); beta2 – 𝛽2 (19 to 
≤ 22 Hz) and beta3 – 𝛽3 (22 to < 30 Hz) [35]. For the rela-
tive spectral power distribution calculations, the absolute 
spectral power of each frequency band was divided by 
the total power of all the bands that were present in the 
range of 0.5 to 35 Hz [21].

Statistical analysis
A descriptive analysis was performed to characterize 
the participants with FM in which continuous variables 
are presented as means and standard deviations. The 
Kolmogorov-Smirnov test was performed to assess the 
normality of all data. Initially, a preliminary analysis was 
performed by the Mann-Whitney test to check whether 
the selected sample of participants with FM had distinct 
EEG patterns (i.e., mean relative spectral power of the 
frequency band described below) compared with healthy 
participants. The Mann-Whitney test was also used to 
determine the differences in mean relative spectral power 
of the frequency bands: delta - 𝛿 (0.5 and ≤ 4 Hz); theta 
- 𝜃 (> 4 to ≤ 8  Hz); alpha1 – 𝛼1 (> 8 to ≤ 11  Hz); alpha2 
(> 11  Hz); beta1 – 𝛽1 (> 13 to ≤ 19  Hz); beta2 – 𝛽2 (19 
to ≤ 22  Hz) and beta3 – 𝛽3 (22 to < 30  Hz) in the pre-
specified electrodes (F3, F4, Fz, F7, F8, C3, C4 and Cz). 
Mann-Whitney-U-test effect size was calculated for the 
primary outcome using the standardized test statistic Z 
and the number of pairs “n” through the following equa-
tion: r =|Z| / √n An effect size “r” greater than 0.5 is con-
sidered a large effect. Spearman’s correlation coefficient 
was used to assess the degree of correlation of qEEG data 
with clinical data on pain (PRI-S and PRI-A), depression, 
and anxiety (HADS). Statistical analysis was performed 
using SPSS (Statistic Package for Social Science) version 

20.0 for Windows (SPSS Inc., Chicago, USA), and the sig-
nificance level was set at p < 0.05.

Results
Forty-two participants with FM were screened for 
this study. Eleven met the inclusion criteria and par-
ticipated in the study (mean age 49.18 years; SD = 7.49 
years) (Fig.  1). In addition, for the control group, 10 
self-reported healthy and pain-free participants were 
recruited (mean age 48.5 years; SD = 7.96 years). Clinical 
characteristics and medication in use of participants with 
FM are presented in Table  1. Pain levels of participants 
in the past 24 h were severe, with a mean score of 8.18 
(SD = 1.47) on a 0–10 scale. The MPQ showed high scores 
for both sensory-discriminative (mean = 20.54, SD = 6.59) 
and affective-motivational pain dimensions (mean = 8.00, 
SD = 2.28), indicating multifaceted pain. The FIQ score 
(mean = 71.35, SD = 17.74) indicated a severe impact on 
daily functioning and quality of life. The HADS score 
suggested moderate anxiety and mild depression were 
prevalent. Most participants were on serotonin reuptake 
inhibitors, with others using anti-inflammatories, benzo-
diazepines, and opiates.

Preliminary analysis
Mann-Whitney test showed that participants with FM 
present lower values of relative spectral power in an eyes-
closed resting state for the delta band in the F3, F4, Fz, 
F7, and F8 points than healthy participants (U = 19382; 
p < 0.001). A similar pattern of decreased mean amplitude 
values in participants with FM was found for the delta 
(U = 19519; p < 0.001) and theta (U = 20548.5; p < 0.01) 
bands in the central points when compared with healthy 
participants. A decrease in beta2 expression in the cen-
tral points (U = 19532.4; p < 0.01) and an increase in beta3 

Fig. 1 Diagram of recruitment and reasons for exclusion of participants with fibromyalgia who were selected for the study
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expression in the frontal points (U = 21.687.3, p < 0.001) 
was detected in participants with FM. No additional dif-
ferences between the two groups were observed in any 
of the other frequency bands or areas that were analyzed 
(Table 2). Spectral power graphs of frequency bands for 
both groups are shown in Fig. 2 (delta, theta, apha1, and 
apha2 bands) and Fig.  3 (beta1, beta2, and beta3 bands 
for both groups). Power spectra topographic maps are 
shown in Figs. 4 and 5.

Correlation of relative spectral power and pain and 
emotional disorder dimensions
For pain analysis, the Spearman test showed a negative 
and significant correlation between the relative spectral 
power in the eyes-closed resting state for the delta band 
in the frontal points (r = -0.656; p = 0.028) and central 
points (r = -0.624; p = 0.040) and the PRI-A score. In addi-
tion, a positive correlation was found between the relative 
spectral power for the alpha band in the frontal (r = 0.642; 
p = 0.033) and central points (r = 0.642; p = 0.033) and 
the PRI-A scores. For the FIQ scores, the Spearman 
test revealed a positive correlation with the frontal beta 
(r = 0.67; p = 0.02) and theta band (r = 0.62; p = 0.04). For 
the emotional disorder dimensions, the Spearman test 
showed a negative correlation between the relative spec-
tral power for the delta band in the central points and the 
anxiety subscale score of HADS (r = -0.648; p = 0.031). 
No additional correlations were found among the pain 
dimensions, emotional disorder dimensions, and all 
other frequency bands and regions (Table 3).

Discussion
The main objective of this study was to investigate 
whether abnormal qEEG activities in the frontal and 
central points of the 10–20 EEG system are differently 
associated with the sensory-discriminatory and affec-
tive-motivational dimensions of pain and with emotional 
symptoms, depression, and anxiety in participants with 
FM. In the analysis of pain-free controls, we confirmed 
alterations in qEEG patterns during the eyes-closed rest-
ing state in the central and frontal points in participants 
with FM compared with those of pain-free controls. We 
found decreased relative spectral power of theta and beta 
2 in the central points, increased beta 3 activity in the 
frontal points, and decreased delta activity in the frontal 
and central points. Our findings partially follow previous 
studies showing that individuals with FM had reduced 
power in low-frequency EEG oscillations (delta and theta 
in the central points) together with increased power in 
high-frequency EEG oscillations (beta) over the frontal 
points during the eyes-closed resting state [1, 21]. There-
fore, the abnormal qEEG pattern of reduced delta and 
enhanced beta activity in the present and previous stud-
ies could be interpreted as a neurophysiological marker 

Table 1 Clinical characteristics and medications in use by 
participants with fibromyalgia
Characteristics FM (N = 11)

(Mean ± SD)
Age (years) 49.18 ± 7.49
Time since diagnosis (years) 7.45 ± 7.73
Pain last 24 h 8.18 ± 1.47
PRI-S 20.54 ± 6.59
PRI-A 8 ± 2.28
HADS-anxiety 12 ± 3.34
HADS-depression 9.81 ± 3.73
FIQ 71.35 ± 17.74
Medications in use (n of participants)
Serotonin Reuptake Inhibitor 8
Anti-inflammatory 4
Benzodiazepines 4
Tricyclic Antidepressants 1
Atypical Antidepressants 2
Opiates 3
Anti-epileptic 3
Beta-blockers 1
Hypnotics 1
Centrally acting muscle relaxant 1
Neuroleptic 1
FM: fibromyalgia; PRI-A: Pain Rating Index (affective component); PRI-S: Pain 
Rating Scale (sensory component); HADS: Hospital Anxiety and Depression 
Scale; FIQ: Fibromyalgia Impact Questionnaire; SD: standard deviation

Table 2 Preliminary analysis for checking distinct relative 
spectral power between participants with FM and healthy 
participants

FM (n = 11) Healthy (n = 10) P-value
Median 25th-75th 

Percentile
Median 25th-75th 

Percentile
Frontal 
points
Delta 0.21 0.18–0.26 0.27 0.19–0.36 0.001*
Theta 0.18 0.16–0.20 0.18 0.16–0.20 0.09
Alpha 1 0.17 0.13–0.22 0.17 0.14–0.19 0.82
Alpha 2 0.16 0.11–0.17 0.15 0.11–0.18 0.99
Beta 1 0.09 0.06–0.11 0.08 0.07–0.11 0.97
Beta 2 0.06 0.05–0.08 0.06 0.04–0.09 0.08
Beta 3 0.03 0.03–0.05 0.03 0.02–0.04 < 0.001*
Central 
points
Delta 0.20 0.15–0.27 0.22 0.18–0.29 0.001*
Theta 0.17 0.16–0.20 0.17 0.16–0.19 0.02*
Alpha 1 0.17 0.14–0.21 0.18 0.16–0.19 0.98
Alpha 2 0.16 0.12–0.18 0.15 0.13–0.16 0.27
Beta 1 0.01 0.07–0.12 0.09 0.08–0.13 0.60
Beta 2 0.07 0.06–0.09 0.08 0.05–0.10 0.01*
Beta 3 0.04 0.03–0.05 0.04 0.02–0.05 0.14
FM = Fibromyalgia; Frontal points: F3, F4, Fz, F7, F8; Central points: C3, C4, Cz; 
Bold marks and asterisks indicate p-value < 0.05
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Fig. 3 Box-and-whiskers plot presenting the relative spectral power graph of beta1, beta2, and beta3 bands for healthy participants and participants 
with FM

 

Fig. 2 Box-and-whiskers plot presenting the relative spectral power graph of the delta, theta, alpha1, and alpha2 bands for participants with FM and 
healthy participants
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for individuals with FM during resting. However, there is 
no consensus in the literature regarding the prevalence 
of such changes, as other studies have also described 
different patterns of activity. Additionally, it should be 
considered that findings may not be consistent with 
earlier studies due to methodological and study design 
differences.

A generalized lower frequency power of beta and no 
significant change in delta activity was described in indi-
viduals with FM at rest [36]. Similarly, our study showed 
decreased relative spectral power of beta 2 in the central 
points, but in contrast, changes in delta activity were also 
found in the frontal points. These differences could be 
attributed to the variation in FM patients’ clinical char-
acteristics. Disease duration, predominance of musculo-
skeletal symptoms, and emotional disorders were quite 
different between the study samples. FM symptoms vary 
considerably over time and from one patient to another 
[37]. Considering the dynamic nature of clinical mani-
festations and the high individual variability, the dis-
tinct neurophysiological pattern seems to fit the state of 

symptoms, and therefore a single reliable qEEG signature 
for patients with FM may be unrealistic.

Our main results give insights that lower delta power 
and higher alpha power in both the central and frontal 
points in resting eyes-closed qEEG were associated with 
higher affective-motivational pain scores in women with 
FM. A previous study showed event-related desynchro-
nization of the delta band, among other bands, in the 
central area of the brain in individuals with FM. Such a 
pattern of activity seems to be related to higher levels 
of pain, possibly due to an impaired ability to modulate 
pain perception [23]. The occurrence of lower relative 
spectral power of delta also highlights the prevalence of 
higher frequency bands (i.e., alpha), which may point to 
exacerbated activation of the pain network as a result of a 
central compensation mechanism, even in resting condi-
tions, in patients with FM [1, 18, 20, 38].

Although emotional disorders are commonly preva-
lent in individuals with FM, very few studies have inves-
tigated the possible correlation between dysfunctional 
qEEG patterns and the development of depression/

Fig. 4 Power spectra topographic plots of participants with FM. Note that the power spectra topographic plots are presented using the same scale i.e., 0 
to 30 Hz. The colors (from blue to red) represent the presence of the specific spectra power. FM - participants with Fibromyalgia
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anxiety in this population [16, 20, 39]. However, those 
studies recruited individuals with FM and depression 
as comorbidities, excluding bipolar depression or pure 
anxiety disorders. Since we found a correlation between 
lower delta power in the central points and greater anxi-
ety levels, it becomes difficult to hypothesize why such 
changes emerged. Although unusual, this is not the first 
time that lower delta power in the central brain area has 
been linked to clinical symptoms of anxiety. Lin et al. [40] 
showed that individuals with anxious major depressive 
disorder present a generalized pattern of hypercortical 
arousal compared with a group of healthy controls. In 
addition to a lower total (and relative) delta in the cen-
tral points, such patients also presented lower delta in the 
midline, frontal, parietal, and occipital areas [40]. Previ-
ous studies using EEG as a biomarker to identify mood 
disorders have described hyperactivity (including higher 
beta, lower delta, and lower theta) in individuals with 
anxious major depressive disorder [39, 41]. Therefore, 
we do not rule out that our unusual finding (i.e., lower 
delta in the central points) may be related to the clinical 
characteristics of our sample, comprising patients with 
FM but also with mixed depressive disorder that may not 
have been identified in clinical screening.

Beyond changes in the central points, our study showed 
a positive correlation between alpha power in the frontal 
points and affective-motivational pain scores: the higher 
the power, the higher the affective-motivational pain 
score. Lim et al. [17] showed an association between the 
predominance of higher frequency bands in frontal areas, 
such as the left dorsolateral prefrontal cortex (DLPFC), 
and higher levels of affective pain [17]. The involvement 
of the DLPFC in affective pain processing was not sur-
prising. Among other functions, the DLPFC is consid-
ered a neural substrate for executive function, memory, 
and integration of cognitive, motivational, and emotional 
information [42–44]. Pain is a multidimensional experi-
ence that involves sensorial, discriminative, affective, and 
motivational components and can be associated (or not) 
with a real tissue injury [45]. In this scenario, it is neces-
sary to better understand whether and how the abnormal 
qEEG patterns of frontal areas, such as the DLPFC, in 
patients with FM influence the (hyper)activation of affec-
tive-motivational components of pain in this population.

In this study, we did not observe a correlation between 
qEEG activity patterns in both frontal and central points 
and the sensory-discriminative dimension of pain. 
Although a few previous studies have pointed this out, 

Fig. 5 Power spectra topographic plots of healthy participants. Note that the power spectra topographic plots are presented using the same scale, i.e., 0 
to 30 Hz. The colors (from blue to red) represent the presence of the specific spectra power. HT - healthy participants

 



Page 9 of 11Diniz et al. BMC Musculoskeletal Disorders          (2024) 25:705 

as shown by changes in alpha band activity (i.e., power 
density and peak frequency) in patients with different 
types of chronic pain [46], others did not find any cor-
relation [47, 48]. So far, the presence (or absence) of cor-
relations between pain characteristics evaluated by the 
sensory-discriminative dimension of pain scores and 
dysfunctional qEEG patterns remains an open question. 
A recent study performed by Uygur-Kucukseymen et al. 
[23] addressed this question and observed lower event-
related desynchronization on qEEG in the frontal brain 
areas of individuals with FM, which seems to be related 
to higher levels of pain intensity and lower inhibitory 
modulation ability [23]. Despite these promising results, 
it’s important to note that these findings were derived 
from different methodological approaches compared to 
our study. For instance, the Uygur-Kucukseymen study 
[23] used conditioned pain modulation and other meth-
ods, while in our study, qEEG data were collected only 
during a resting state with eyes closed. qEEG data activ-
ity patterns in the resting condition may indicate changes 
in default mode network (DMN) functioning. Thus, the 
DMN seems to present a different pattern of cortical 
recruitment and activation during the pain chronification 
process. In the early stages, central brain areas, such as 
the primary and secondary somatosensory cortices are 
involved. On the other hand, in the late stages, there is 
greater activation of the frontal areas, such as the ven-
tromedial prefrontal cortex, DLPFC, insular cortex, and 
anterior cingulate cortex [49].

This study has some limitations that should be con-
sidered before interpreting the data. First, qEEG data 
acquisition was performed without any drug intake 
restrictions. However, previous studies adopted a simi-
lar approach without lowering the confidence of the 
results [20, 21, 39]. Second, our sample size was smaller 
in comparison to other studies in the field. Therefore, 
we regard our findings as preliminary and our study as 
a pilot experiment. The COVID-19 pandemic emergency 
was an obstacle to the recruitment of participants for our 
study. Finally, no corrections for multiple comparisons 
were performed due to the small sample size and the 
focus on biological and clinical significance. However, it 
should be acknowledged that not applying correction for 
multiple comparisons increases the likelihood of type I 
errors (false positives). Despite this, as a pilot study, our 
findings are promising and establish a new perspective 
in understanding the existing relationship between bio-
logical markers obtained through qEEG and some clini-
cal aspects of FM – mainly those related to emotional 
disorders. Increasing our sample in the future can guide 
further research in consolidating the possible association 
between changes in qEEG activity patterns and affective-
motivational components. Our findings also highlight 
the need for future research to more specifically address Ta
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variables such as medication use, duration of diagnosis, 
and age, as well as their potential interactions with the 
outcomes observed. Additionally, future studies could 
explore EEG power spectra source analysis to deter-
mine whether the observed spectral band differences 
correspond to anatomical regions linked with the pain 
network.

Conclusions
Patients with FM showed abnormal brain electrical activ-
ity patterns in the central and frontal points. The decrease 
in delta spectral power and the increase in alpha spectral 
power in the frontal and central points were associated 
with higher scores in the affective-motivational dimen-
sion of pain, and in particular, the decrease in delta in the 
central points was associated with higher scores of pain 
and anxiety.
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