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ABSTRACT

Obijective: This study aimed to describe the encephalographic electrical rhythm pattern of the Alpha wave in patients with traumatic
spinal cord injury in the thoracic spine. Methodology: This is a cross-sectional observational study conducted from January to March 2022.
A total of 20 patients with traumatic spinal cord injury were included in the study and divided into two groups, with pain symptoms and
without pain symptoms. Both groups were submitted for evaluation for population characterization, identification of the presence of pain
and the possible presence of signs and symptoms of central sensitization and quantitative electroencephalographic examination. Results:
Comparing them, it was possible to observe a reduction of 38.7% (2.69uV; 95%CI 1.28 to 4.09) in the Alpha 2 wave (10-12 Hz) in the
group with pain symptoms. This alteration was identified in the parietal lobe, mainly in PZ. Conclusion: We observed a selective reduction
of Alpha 2 waves, mainly in the parietal region (PZ), in spinal cord injury patients with pain compared to spinal cord injury patients without
pain. Level of Evidence IlI; Diagnostic Studies.

Keywords: Brain Waves; Electroencephalography; Spinal Cord Injuries.

RESUMO

Objetivo: O objetivo deste estudo foi descrever o padrao do ritmo eletroencefalografico da onda Alfa em pacientes com lesao medular
traumatica na coluna toracica. Metodologia: Trata-se de um estudo observacional transversal, realizado no periodo de janeiro a margo
de 2022. No total 20 pacientes com lesdo medular traumatica foram incluidos no estudo e divididos em dois grupos, com sintomas de
dor e sem sintomas de dor. Ambos 0s grupos foram submetidos a avaliagao para caracterizagao populacional, identificagéo de presenga
de dor e possivel presenga de sinais e sintomas de sensibilizagdo central e ao exame Eletroencefalografico quantitativo. Resultados: Ao
compara-los foi possivel constatar uma reducéo de 38,7% (2.69uV; 95%IC 1,28 to 4.09) da onda Alfa 2 (10-12 Hz) do grupo com sintomas
de dor. Essa alteragao foi identificada no lobo parietal, principalmente em PZ. Conclusdo: Observamos uma redugéo seletiva de ondas
Alfa 2, principalmente na regiao parietal (PZ), em pacientes com lesao medular com dor em relagao aos pacientes lesao medular sem dor.
Nivel de Evidéncia Ill; Estudo diagnéstico.

Descritores: Ondas Encefalicas; Eletroencefalografia; Traumatismos da Medula Espinal.

RESUMEN

Objetivo. El objetivo de este estudio fue describir el patrén del ritmo electroencefalografico de la onda Alfa en pacientes con lesion
medular traumatica en la columna toracica. Metodologia: Se trata de un estudio observacional transversal realizado entre enero y marzo de
2022. En total, se incluyeron 20 pacientes con lesiéon medular traumatica en el estudio, divididos en dos grupos, uno con sintomas de dolor
y otro sin sintomas de dolor. Ambos grupos fueron sometidos a evaluacién para caracterizacién poblacional, identificacién de presencia de
dolor y posible presencia de signos y sintomas de sensibilizacién central, asi como al examen electroencefalografico cuantitativo. Resultados:
Al compararlos, se pudo constatar una reduccién del 38,7% (2,69 uV; IC del 95%.: 1,28 a 4,09) en la onda Alfa 2 (10-12 Hz) del grupo con
sintomas de dolor. Esta alteracion se identificé en el I6bulo parietal, principalmente en PZ. Conclusién: Observamos una reduccién selectiva
de las ondas Alfa 2, principalmente en la region parietal (PZ), en pacientes con lesion medular y dolor en comparacion con pacientes con
lesién medular sin dolor. Nivel de Evidencia lll; Estudios de diagndsticos.

Descriptores: Ondas Encefélicas; Electroencefalografia; Traumatismos de la Médula Espinal.
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INTRODUCTION

Spinal cord injury (SCI) is an injury to the spinal canal structures
(spinal cord, medullary cone, and cauda equina), which can cause mo-
tor, sensory, autonomic, and/or psycho-affective changes. Worldwide,
the incidence of SCl is estimated to be between 768,473 and 790,695
cases yearly.! In Brazil, the prevalence of SCl is higher in the Northeast
region (49%), with a higher percentage in males (83.5%) compared
to females (16.5%) and with the most prevalent age being between
16 and 30 years (56.7%), the leading causes being firearm injuries
(28.4%), motorcycle accidents (24.6%) and car accidents (19.1%).2

The diagnosis of SCI occurs through imaging tests associated
with the clinical diagnosis. Guided by the International Standards for
Neurological Classification of Spinal Cord Injury (ISNCSCI), defined
in the American Spinal Injury Association (ASIA) Impairment Scale,®*
it is possible to classify the patient according to the type of lesion
(complete or incomplete) and to determine the neurological level
through the evaluation of sensorimotor deficiencies.

The main clinical manifestations found are limb paralysis or
paresis, changes in muscle tone,® changes in superficial and deep
reflexes, sensitivity, loss of sphincter control,® sexual dysfunction,”
autonomic alterations, and the presence of pain.®'® This last ma-
nifestation may have functional, psychological, socioeconomic im-
plications and may be a disabling factor that is sometimes more
relevant than the motor loss itself.’" "2 According to the International
Association for Study of Pain (IASP), pain is defined as “an unple-
asant sensory and emotional experience associated, or similar to
that associated, with actual or potential tissue injury”."

The prevalence of pain is reported between 11% and 94% of
patients with SCI, and it can be classified into neuropathic, mus-
culoskeletal, and visceral. When the pain is located above the
compromised medullary region, the possibility of its origin being
musculoskeletal is interpreted.’ Musculoskeletal pain (MSD) origi-
nates from trauma or inflammation in bone, joint, or muscle tissues,
mechanical instability, muscle spasm, or secondary to excessive
use,'® which in these cases are justified by the excessive use of
intact body segments, and/or by staying in a wheelchair for a long
time, as well as postural changes resulting from muscle imbalances
caused by plegic or paretic muscles.

Several clinical instruments, such as the Nordic questionnaire,'®
can be used to assess pain. Still, most scales and/or questionnaires
are based on the patient’s subjective perception of pain, which can
be influenced by factors such as cognitive status, mood, sleep,
environment, etc. Such factors can interfere with pain regulation and
perception, making a complementary assessment necessary, such
as biomarkers, which allow the objective characterization of pain,
thus favoring the determination of the best management."”

The use of potential electroencephalographic (EEG) biomarkers,
already described in the literature with an accuracy of 87-90%, iden-
tified patterns of pain in the population with SCI, in addition to having
significant implications for the assessment of pain in its neurophysio-
logical characteristics and in terms of their response to treatments. '®

It is a non-invasive test that analyzes the brain’s electrical activi-
ties generated mainly by neuronal postsynaptic potentials, recorded
through electrodes positioned on the scalp.'® EEG signals can be
differentiated into oscillations of different frequencies, with the delta
band varying between 0.1 and 4 Hz, theta 4 and 8Hz, alpha 8 and
13Hz, beta 13 and 30Hz and gamma above 30Hz. Brain rhythms
may change according to the behavioral state, level of attention,
sleep, wakefulness, and some pathological conditions.?°

Although there is no clear consensus to determine which rhythmic
band has the most reliable correlation with different levels of pain
induction, compared to other frequency domains, alpha-band oscilla-
tions (813 Hz) are the most commonly explored.?'? However, the
literature does not mention which part of the alpha band in oscillation
is related to musculoskeletal pain. Such specificity can better direct
interventions through brainwave modulation. Therefore, this study ai-
med to describe the electroencephalographic rhythmic pattern of alpha
waves in patients with traumatic spinal cord injury in the thoracic spine.

METHODOLOGY

This is a cross-sectional observational study based on a stra-
tegy of secondary analysis of quantitative data. This study follows
the recommendations of the STROBE guideline (Strengthening the
reporting of observational studies in epidemiology), which can be
accessed at: https://www.strobe-statement.org/checklists/.

The study was conducted at the Dell Research, Development,
and Innovation Center at Av. Santos Dumont, CEP 60.150-151 — Al-
deota, Fortaleza — CE, from January to March 2022, upon approval
by the Ethics Committee of the State University of Ceara (protocol
number CAAE 51751021.4.0000.5534) and opinion n° 5.136.501.
The volunteers signed the Informed Consent Form to participate
in the study.

The profile of the participants consisted of twenty individuals
diagnosed with traumatic spinal cord injury, paraplegic, with a tho-
racic spinal cord injury level (T1-T12), conveniently recruited via
telephone, clinics, universities in the state of Ceara, and social and
sports projects. The patients were adults over 18, of different gen-
ders, with a height between 1.50 cm and 1.83 cm and weight be-
tween 40 kg and 90 kg, with up to 10 years of injury. Healthy, without
associated vascular diseases (for example, coagulation disorders
and decompensated diabetes), and with blood pressure classified
as normotension (120/80 mmHg or even <139/89 mmHg).2

As exclusion criteria, we considered individuals with blood pres-
sure values >140/90 mmHg, classified as having hypertension,?
vascular alterations (history of pulmonary or venous thromboem-
bolism, aneurysm rupture less than one year ago), and/or cognitive
disorders (Alzheimer's and/or Parkinson’s in an advanced stage)
that would decisively limit their responses to the applied question-
naires, as well as a panic syndrome, anxiety or depression crises
during the evaluation, or individuals with relevant speech impair-
ments that make it impossible to communicate/ full comprehension
during qEEG tests.

The participants were divided into two groups, the Control Group
(n=11), composed of paraplegics but without reports of MSD, and
the Pain Group (n=9), composed of people with paraplegia and
reports of MSD, in a convenience sample.

Sociodemographic Questionnaire

To characterize the sample, age, sex, weight (kg), height (m),
and physical activity were collected. Individuals were asked about
their neurological classification of spinal cord injury and whether the
injury is complete or incomplete considering the ASIA scale through
the assessment of sensorimotor deficiencies carried out by the phy-
sician.*® Subsequently, the body mass index (BMI) was calculated
considering weight (kg) and height (m) using the formula weight/
height 2 and classified with the parameters of BMI <18.5kg/m2 (low
weight); BMI >18.5 to 24.9kg/m2 (eutrophic); BMI =25 to 29.9kg/
m2 (overweight); and BMI >30.0kg/m2 (obesity).?* The practice of
physical activity was answered with yes or no, which activity was
practiced, and the weekly frequency.

QNSO (Nordic Musculoskeletal Symptoms Questionnaire)

Developed to standardize the measurement of musculoskeletal
symptoms and thus facilitate the comparison of results between stu-
dies, the QNSO is an instrument that consists of multiple or binary
choices regarding the occurrence of symptoms in different anatomical
regions. The patient must report symptoms during the 12 months
and seven days before the interview and report the occupation of
absence from routine activities in the last year. The questionnaire was
translated and validated for the Brazilian version.?® For this studly, the
data used were only the responses classified in the item “In the last
seven days have you had problems with?”, which showed relevance
for the lumbar regions and lower limbs for the population addressed.

Brazilian Portuguese Inventory Awareness Center - CSI-BP

Conceived as an easy-to-administer trigger for patients at high
risk of centenary sensitization or to assess related symptoms, the
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CSlis a self-report questionnaire translated and validated in several
countries, including for the Brazilian population, with reliability and
satisfactory psychometric evaluations.?® To start this study, only Part
A of the questionnaire was applied, consisting of 25 speech items
to consider the daily presence of symptoms or on most days in the
last three months.

QEEG (Quantitative Electroencephalography)

Data acquisition strategy

The examination was performed with the participant sitting in
his wheelchair, wearing a cap made of Neoprene material, with 950
silver electrodes attached, imposed on specific areas according
to the international system 10 -20%° and to conduct electrical brain
signals from the leather scalp for the electrodes, a carbopol gel (2%)
was used. (Figure 1)

The qEEG device used to record the brain mapping was an
iCelera (r) amplifier model iBlue 52 (512 and 12-bit sampling rate),
and the iCelera software was used for data collection. The gEEG
configurations selected for data collection were 20 channels of av-
erage mounting, grounding, and network in standard mode, with
a passband filter from 0.5 Hz to 50 Hz. Subsequently, the data
were processed and exported by the iCelera® software in files in
the European Data Format (EDF) model. All analyses of the gEEG
were performed with the evaluated eyes open (OA), mimicking the
condition of an individual awake in a usual way. Conditions with
eyes closed (simulating sleep) or performing specific tasks (such
as reading) were not evaluated.

Data analysis - qEEG

After collecting data in the iCelera software, a visual inspection
was performed on all data using the beta version of the Biolucida ®
software (BioNeuro & Lucida). The Laplacian assembly was used,
in which the electrodes now have the same polarity at all points
concerning the electrode taken as reference, providing data with less
interference.?’ In addition, the ICA independent component analysis
algorithm (MaxICA) was implemented, and with that, the removal
of recorded artifacts, such as involuntary muscle contractions, eye
movements, among others, was performed.

Subsequently, a new visual inspection was also made for the ne-
cessary manual cutting of artifacts, which persisted in the signal. The
data were standardized around 500 seconds, and a bandpass filter of

1.5 - 50hz was used. Next, the software extracted data tables of gEEG,
dominant frequency, and mean frequency in each of the 20 recorded
electrodes. The analyzed brain wave frequencies were: Alpha 1 (8-10
Hz), Alpha 2 (10-12mHz), and Global Alpha Wave (8-12 Hz).

When selecting the EDF file with pre-processing, the data were
inserted into the BRAINSTORM®?8 system to perform group calcula-
tions (generating one piece of data for each group) and thus gene-
rate the Phase-Amplitude Coupling file (Phase -Amplitude Coupling
- PAC)® of the group and the file SLORETA (Standardized Loreta)*
of each group. Using these data, comparisons were made between
information from volunteers with SCI with and without pain using the
BRAINSTORM ®2 system.

Statistical analysis

Data were described as mean and standard deviation or as ab-
solute frequency and percentage, according to the type of data to be
presented. Before comparing the groups, a Shapiro-Wilk normality
test was performed. Alpha 1 waves (8-10 Hz) did not show normal
distribution, while Alpha 2 waves (10-12 Hz) and global Alpha (8-12
Hz) showed normal data distribution. This fact allowed for defining
the comparative tests between the groups. Student’s t analysis (nor-
mal distribution) or Mann-Whitney t analysis (no normal distribution)
were performed using the GraphPad statistical software Prism 9.0
for MAC OS X, p<0.05.

RESULT

Twenty SCI volunteers were included in a formal interview and
participated in the gEEG evaluation. The pain-free group repre-
sented 55% of the sample and 45% of the pain group. About 85%
were male; the mean age was 33.85 (+ 7.49) years. The practice of
physical activity was also used to characterize the sample, 90.9%
of the group without pain performed regular physical activity, with a
mean BMI of 23.6 kg/m2, and in the pain group, 55.55% performed
regular physical activity, with a BMI on average 22.2 kg/m?.

Regarding the affected neurological level, the volunteers are
classified using the American Spinal Injury Association (ASIA) com-
mitment scale, performed in medical centers, the highest repre-
sentation was demonstrated in the lower thoracic region between
T9-T12 (63.63%), in the group without pain and in the group with
pain, there was equal distribution unintentional between the upper
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Figure 1. Flowchart for capturing data from the gEEG exam.
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chest (T1-T4), middle chest (T5-T8) and lower chest (T9-T12) regions
with a prevalence of 33.33% each. Injuries classified as incomplete
prevailed (55.55%) in the pain group, and in the group without pain,
injuries classified as complete prevailed (66.67%). All volunteers had
less than 10 years of injury. There was no statistical difference when
analyzing the data on signs and symptoms of central sensitization
(CSI - PA). (Table 1)

By analyzing the mean of all 20 brain points, when comparing the
two groups, it is possible to observe a 38.7% reduction in the Alpha
2 wave in the group with pain symptoms, suggesting compensation
for the Alpha 1 wave in other brain areas, such as shown in the red
area of Figure 2 C(Il), making the global alpha wave result in no
statistically significant difference. (Table 2)

In Figure 2(C), it is possible to observe that in the difference
between the groups, there was an increase in the occipital region

Table 1. Characterization of the sample (N=20).

of the Alpha 1 wave C(l). In contrast, the Alpha 2 and global Alpha
waves present a reduction in the parietal lobe region. The graphs at
the bottom of Figure 2 A and 2 B are representative of the behavior
of the Alpha band in each group. The orange columns highlight the
behavior of the Alpha 1 subband and the blue columns the behavior
of the Alpha 2 subband.

From the topographic point of view represented by Figure 3,
when comparing the groups, there is a reduction in Alpha 2 and
global Alpha waves in the parietal region and diffuse in the occipi-
tal region, more specifically in the PZ point, which seems to be a
common perspective of reduction.

DISCUSSION

The study aimed to compare alpha wave brain electrical activity
patterns among volunteers with SCI who reported pain in the lumbar
region and/or lower limbs and without pain employing quantitative
electroencephalography. Our findings allowed us to observe a re-
duction in the amplitude of the Alpha 2 wave (10-12Hz) in the pain
group in the parietal region of the brain. This region’s functions are
processing of perceptions and somatosensory information, such as
temperature, touch, pressure, and pain.®' Conversely, Alpha 1 and
global Alpha waves did not differ between groups.

The reduction in alpha wave amplitude is already well evidenced
in the literature on pain,®3* including in the post-SCI population.'® The
Alpha wave is related to cognitive processing, emotional control, and
integrative brain functions, in addition to having a specific role in the
regulation of sensorimotor processes.®% When found in reduced acti-
vity, the Alpha wave is associated with sleep dysfunction (insomnia),’
anxiety, and stress.®® The activity of this wave is physiologically related
to the inhibitory impulse of the activation of the neurotransmitter GABA

Table 2. Comparison of different alpha brain waves across the brain in
patients with spinal cord injury with and without pain below the thoracic
region (N=20).

Painless Ache mean difference

(N=11) (N=9) (Cl 95%)

Alpha 1 (8-10Hz)  {4.59 pV (1.83)]4.95 pV (1.66) | 0.2 (-1.36 to 0.44)

Alpha 2 (10-12Hz) 16.92 uV (2.83)[ 4.24 pV (1.29) [2.69 (1.28 to 4.09) *

Painless Pain
(N=11) (N=9)
Gender (M/F) 10/1 7/2
Age (years) 34 (7.5) 33.7 (7.9)
Height (m) 1.72 (0.06) 1.67 (0.09)
Weight (kg) 70.7 (12.5) 62.6 (13.8)
BMI (kg/m2) 23.6 (3.3) 22.2 (3.8)
Physical activity 10 (90.90%) 5 (55.55%)
Spinal cord injury
complete 6 (66.67%) 4 (44.44%)
incomplete 5 (45.45%) 5 (55.55%)
Higher level of spinal cord injury
High chest (T1-T4) 3 (27.27%) 3 (33.33%)
Middle chest (T5-T8) 1 (9.09%) 3 (33.33%)
Low chest (T9-T12) 7 (63.63%) 3 (33.33%)
Pain (n)

Low back - 4 (44%)
Hip - 7 (77.77%)
Knee - 2 (22.22%)
Ankle - 3 (33.33%)

*CSl - BP 22.36 (17.7) 20 (10.7)

Global Alpha (8-12Hz) [6.65 uV (2.13){ 4.51 pV (1.44) | 1.14 (-2.30 to 0.03)

*CSI - BP (Central Awareness Inventory - Brazilian Population).

*p < 0.05.
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Figure 2. (A) group without pain, wave A(l) a1, wave A(ll) a2, global a wave A(lll); (B) pain group, wave B(l) a1, wave B(ll) a2, global a wave B(lll); (C) Difference
group, C(l) wave a1, C(ll) wave o2, global o wave C(lll). Graphics: orange column - wave Alpha 1; column in blue - wave Alpha 2.
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Pain Group No pain group

Difference

Alpha1

Alpha 2

Alpha Global

Figure 3. Computerized electroencephalographic topography.

(Gamma-Aminobutyric Acid) synapses, which regulate neuronal exci-
tability from the thalamic projections to the cortex.®

The reduction of Alpha 2 found in our study in patients with SCI
with pain has already been described in the literature in healthy
individuals submitted to pain induction about the anticipatory pheno-
mena of painful processes.'® In individuals with fibromyalgia, it was
also possible to observe a reduction in the Alpha 2 power range at
rest, suggesting that chronic pain in these patients modulates this
frequency range over time.* It is known that the population diagno-
sed with fibromyalgia is characterized by the presence of signs and
symptoms of central sensitization, dysfunction of the neurocircuits
that involve the perception, transmission, and processing of afferent
nociceptive stimuli, with a prevalent manifestation of pain in the loco-
motor system,*' however, this sensitization Central was not observed
in individuals with SCI, with or without pain, analyzed in this study.

Regarding the population with SCI and chronic pain, there is
also suppression of the global Alpha band, differing from the group
without pain.*? Thus, we believe that in paraplegics with reports of
musculoskeletal pain, there is a selective inhibition in the production
of Alpha 2 waves, mainly in the parietal region, as well as a diffuse
parieto-occipital reduction of these same waves when we observe
the EEG topography of this group.

Implications for doctors
Considering these results, possible options for therapeutic

procedures for patients with a diagnosis of spinal cord injury and
reported musculoskeletal pain could be suggested, such as yoga,*
biofeedback,* neurofeedback,* transcranial direct current stimula-
tion,*8 among other therapedutic interventions that may interfere with
the capacity of modulating Alpha waves and that aim to reduce the
symptoms of the intensity of the painful pattern.

Study limitations

The restricted sample size characterizes this study’s main limi-
tation, given the group’s specificities and the failure to perform tests
with painful stimuli during the evaluation of gEEG data, which could
open new perspectives for patients with SCI.

CONCLUSION

A selective reduction of Alpha 2 waves, mainly in the parietal
region (PZ), was observed in SCI patients with pain compared to
SCI patients without pain.
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