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Introduction
Amyotrophic lateral sclerosis (ALS) is a heterogeneous 

disease; it is the third more common neurodegenerative 
disorder. Initially it was described by Jean-Martin Charcot in 
1869, it is targeting the motor neuron (MN) system required 
for voluntary movement [1].

Progressive degeneration of a large proportion of upper 
(corticospinal) and lower somatic MNs leads to spasticity, 
muscle atrophy and resulting weakness of skeletal muscles. 
The first symptoms typically arise in one or more limbs (spinal 
onset). About 20% of cases present with a bulbar onset, 
where speech and swallowing problems are noticed first [1].

Whereas spinal onset ALS is fatal at 3-5 years postdiagnosis, 
bulbar onset ALS patients has a worse prognosis with an 
average survival of only 2 years. Paralysis of respiratory 
muscles and subsequent respiratory dysfunction is the cause 
of death. In a small minority of patients (3-5%) onset of 
disease occurs in respiratory muscles [1].

The suspected culprits in the etiology of ALS include 
glutamate exitotoxicity reactive oxygen species generation, 
protein misfolding and aggregation, mitochondrial 
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dysfunction, endoplasmic reticulum stress, abnormal axon 
transport, neuro inflammation and metabolic stress. These 
dysfunctions uniformly favour increased excitation compared 
to inhibition ratios in motor neurons of V layer of the 
cortex and cortico-spinal tract [2,3]. It could be producing 
abnormalities on electroencephalographic activity on ALS 
patients.

The first research which applied electroencephalogram 
(EEG) technique to ALS patients was done by Guillain and 
col. in 1943, at this time they did not report any significance 
abnormality [4]. With the advances of EEG, it has been used 
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more frequently in neurosciences research; it is an innocuous 
technique, low cost and represents a real time evaluation 
method, there are numerous papers on this field; the results 
have been contradictories. It could be influenced by the 
disease step [5,6].

Semi-quantitative EEG involves scores by expert 
subjective evaluations of EEG with standardized ratings that 
are later fully quantified employing statistical techniques, the 
usefulness of this method is also an established technique in 
clinical neuroscience [7,8].

Quantitative electroencephalogram (QEEG) is an objective 
method that quantifies the EEG through the power spectrum 
of activity at the channels or the sources. There are numerous 
researches that have demonstrated its accuracy for detecting 
brain abnormalities and subject classification [9-11]. For 
all reasons we decide to apply for first time in our country 
these EEG analysis method in the evaluation of ALS group of 
patients. We purposed to show abnormalities of brain electric 
activity on a group of ALS patients through EEG methods. 
Maybe it could be considered in a future as biomarkers of 
the disease.

Method

Sample characteristic
A total of 30 consecutive sporadic ALS patients were 

recruited between 2020 and 2024, according to the revised El 
Escorial criteria for clinically definite or probable. The control 
group consisted of 30 healthy subjects.

No clinical diagnosis of fronto-temporal dementia (FTD) 
and no cognitive impairment symptoms were found in these 
patients. We excluded persons with systemic or others 
neurological diseases or who deny participating.

Clinic evaluation
ALS Functional Rating Scale Reviewed (ALSFRS-R) was used 

to evaluate the functional status of ALS patients based on 12 
items, functional disability scores range from 0 (maximum 
disability) to 48 (normal) points.

EEG recording
EEG recordings were obtained using Medicid 5 equipment, 

software Neuronic EEG recording, 7.2.1 version (Neuronic 
S.A), with the following technical parameters: sampling rate: 
200 Hz, sampling velocity: 69.93 mm/sec, sampling period: 5 
milliseconds, ganancy: 1000, band pass filter: 0.5-30 Hz, line 
filter: 60 Hz, sensibility: 50 μV/divisions.

We used standard protocols developed jointly by the Brain 
Research Laboratories, NYU, and the Cuban Neuroscience 
Center [9,11], and also, we used IFCN guidelines for resting-
state EEG analysis (International Federation of Clinical 
Neurophysiology) [5]. The EEG acquisition protocol was as 
follows: Nineteen surface golden electrodes were placed 
(Fp1, Fp2, Fz, F3, F4, F7, F8, Cz, C3, C4, T3, T4, T5, T6, Pz, P3, 
P4, O1, and O2) according to the international 10-20 system, 
referenced to linked earlobes. The electrode impedance was 
kept below 5 kΩ. Subjects were lied down on a comfortable 

position in a bed, in a quiet, air-conditioned room and were 
instructed to stay awake and relaxed. Resting-state and close 
eyes EEGs were recorded for 10 min.

EEG analysis
Visual analysis: We used Neuronic EEG edition software, 

7.1.7 version (Neuronic S.A). Data were visually inspected 
by a neurophysiologist, recordings were visually assessed 
at sensitivity of 50 μV, time constant of 0.3 sec and a time 
window of 10 sec per epoch. Windows artefacts free were 
selected by quantitative EEG (qEEG) processing, the windows 
width was fixed at 2.56 sec.

Semi quantitative analysis (Grad total EEG score): 
A modified version of GTE score from the original was 
implemented, which was composed of 13 items. Minimal value 
is 0 and maximal is 41 [7,8]. Shown on online information.

Quantitative analysis: We used Neuronic EEG quantitative 
and tomographic software, 6.2.3.0 version (Neuronic S.A).We 
processed the EEG windows previously selected, using the 
methods outlined in Bosch 2020 and Bosh 2022 [9,10]; EEGs 
were re-referenced to the average reference. To convert the 
time-domain scalp EEG signals to the frequency domain, we 
used the Fast Fourier Transform (FFT), we then calculated 
spectral matrices using EEG epochs. These calculations 
produced a spectral matrix with 48 frequency bins ranging 
from 0.78 Hz to 19.15 Hz. To correct the EEG spectra at the 
scalp and eliminate scale variability in the EEG signal that 
is not related to physiological sources, we used the Global 
Scale Factor (GSF). This step is beneficial when comparing 
recordings obtained from different hardware.

Furthermore, normative EEG norms of Bosch, et al. 2020 
were applied to the log spectra. This process produced z scalp 
spectra for each channel and frequency [9].

We used mathematical models: narrow band (CROSS 
spectral), broad band (absolute power, relative power and 
mean frequency by frequencies bands). For the analysis of 
generators (electric tomographic analysis) we used VARETA 
method [9,11].

Connectivity analysis: We did connectivity analysis at 
electrode level. We used HERMES toolbox (available free 
in: https://hermes.med.ucm.es/), it runs on MATLAB 2017 a 
environment [12].

We introduced EEG windows in txt format. The analyzed 
parameters were: correlation, real coherency, imaginary 
coherency (classic measures), phase locking value (PLV), rho 
index, directionality phase indexes (DPI) (phase synchronization 
measures), synchronization likehood (SL) (based in generalized 
synchronization), Ganger causality (based in Ganger causality 
index), so mutual information (MI) and entropy transference 
(based in information theory index).

Statistical analysis
We used Neuronic statistic software, version 4.1.3.0 

(Neuronic SA) for statistic comparison of narrow band, wide 
band and generators analysis parameters between ALS and 
healthy subject groups, through t- test, using alfa error fixed 
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The most frequent was paroxystic activity on bilateral fronto-
centro-temporal areas of light intensity (71.42%), followed by 
EEG organizational disorders (9.5%) and global slow activity 
(9.5%), shown in Figure 1.

Semi-quantitative analysis
ALS patients showed higher mean punctuation on GTE 

score (6.5) in relation with healthy subjects (3), p = 0.00. Its 
means highest EEG abnormalities on ALS group.

Quantitative analysis
Spectral power: ALS patients showed global diminished 

of spectral power of alfa band and increase of spectral power 
of theta (on fronto-temporal areas), delta (on fronto-central 
areas) and beta bands (on fronto-centro-temporal areas) in 
relation with healthy subjects, (p = 0.00), shown in Figure 2.

Broad band’s analysis

Absolute power (AP): ALS patients showed global 
decrease of alfa AP and total AP, increase of AP delta and beta 
on bilateral centro-temporal areas, and AP theta on bilateral 
central areas (p = 0.01), shown in Figure 3.

at 0.05 and threshold: -1.71 and 1.71. A regression analysis 
was done, with the aim of explore the relation between qEEG 
parameters and disease duration and ALSFRS-R score. For 
qEEG that resulted significance in this analysis we applied 
t-test, with the objective to compare two group of ALS 
patients in relation of disease duration (one group: patients < 
6 months duration and the other group: patients > 6 months) 
and ALSFRS-R score (one group: patients < 40 points and the 
other group: patients > 40 points).

For statistical analysis of connectivity parameters of ALS 
patients and healthy subjects we used HERMES toolbox, 
Wilcoxon test was applied with multiple comparison tests: FDR 
(False Discovery Rate), CBPT (Cluster based on permutation 
tests), with maxima distribution: 1.5, clusters number: 10 and 
permutation number: 100; using alfa error fixed at 0.05.

Results

Sample characteristic
Participants’ characteristics are summarized in Table 1.

Visual EEG analysis
80 percent of ALS patients showed abnormalities of EEG. 

Table 1: Characteristic of ALS patients and healthy subjects.

ALS

(n = 30)

Healthy subjects

(n=30)

t/X2                                       P

Mean age and SD in years (range) 53.83 ± 10.54 (34-66) 50.60 ± 12.31 (32-64) 1.443 0.165

Sex (M/F) 16/14 15/15 0.895 0.370

Disease duration Mean and SD in months (range) 12.00 ± 2.17 (2-24) NA NA NA

ALSFRS-R score value mean and SD (range) 39.60 ± 5.59 (32-47) NA NA NA

Onset spinal/bulbar/both 20/10/0 NA NA NA

Laterality onset R/L 15/15 NA NA NA

Diagnosis category Define/Probable 20/10 NA NA NA

         

Figure 1: Abnormalities of visual EEG analysis.
Notice the most frequent abnormality was paroxysmal activity.
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Figure 2: Statistical comparison of spectral power parameters between ALS patients and healthy subjects, p = 0.02; 58 degrees of 
freedom.
Notice global decrease of spectral power of alfa band, increase of theta (on fronto-temporal areas), delta (on fronto-central areas) and 
beta band (on fronto-centro-temporal areas) on ALS patients.

         

Figure 3: Map of statistical significance from comparison of AP (A), RP (B) and MF (C) between ALS patients and healthy subject. 
(A) Notice ALS patients showed global decrease of alfa and total absolute power, increase of AP delta and beta on bilateral centro-
temporal areas, and AP theta on bilateral central areas, p = 0.01, 58 degrees of freedom; (B) Notice ALS patients showed global 
decrease of alfa RP, global increase of RP delta and theta, and also increase of RP of beta on fronto-central areas, p = 0.03, 58 
degrees of freedom; (C) Notice ALS patients showed global decrease of total MF on bilateral fronto-centro-parietal areas, increase 
of MF of delta on bilateral temporal areas and increase of beta on left temporal area, p = 0.02, 58 degrees of freedom.
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generators of delta (on centro-temporal areas), theta (on 
fronto-centro-temporal areas) and beta bands (on centro-
parietal areas), (p = 0.02), shown in Figure 4.

Regression analysis

Spectral power/disease duration: Table 2 shows the 
significate spectral power variables from regression analysis 
with disease duration. We can summarize that as disease 
duration increases, alfa band spectral power decreased and 
increased delta and beta spectral power.

There was difference between some of these variables 
between patients with disease duration bellow and upper 

Relative power (RP): ALS patients showed global decrease 
of alfa RP, global increase of RP delta and theta, and also 
increase of RP of beta on fronto-central areas, (p = 0.03), 
shown in Figure 3.

Mean frequency (MF): ALS patients showed global 
decrease of total MF on bilateral fronto-centro-parietal 
areas, increase of MF of delta on bilateral temporal areas and 
increase of beta on left temporal area (p = 0.02), shown in 
Figure 3.

Sources generators analysis

We observed that ALS patients had an increase of source 

         

Figure 4: Map of statistical significance from comparison of sources generators between ALS patients and healthy subject. (A) Delta 
band range (0.78-3.91 Hz). Increase on ALS patients on centro-temporal areas, p = 0.00; 58 degrees of freedom; (B) Theta band range 
(5.47-7.02 Hz). Increase on ALS patients on on fronto-centro-temporal areas, p = 0.02; 58 degrees of freedom; (C) Beta band range 
(14.08 Hz). Increase on ALS patients on centro-parietal areas, p = 0.02; 58 degrees of freedom.

Table 2: Regression analysis between spectral power parameters by frequencies band and EEG derivation with disease duration.

Frequencies band and derivation Spearman correlation coefficient p Freedom degree

1.172-Fp1 -0.576	 0.03 28

3.125-Fp2 -0.634 0.01 28

9.375-C3 0.772	 0.00 28

9.375-Cz 0.570 0.04 28

9.766-C3 0.639 0.01 28

9.766-C4 0.567 0.04 28

10.156-F4 0.565 0.04 28

10.156-C3 0.610 0.02 28

10.156-C4 0.576 0.03 28

10.156-Cz	 0.600 0.02 28

10.547-F4 0.567 0.04 28

10.547-C3 0.648 0.01 28

10.547-T5 0.571 0.04 28

10.938-Fz 0.604 0.02 28

11.328-P3 0.581 0.03 28

13.281-T3 -0.743 0.00 28

14.063-F8 -0.601 0.02 28

14.063-T3 -0.682 0.01 28

14.844-T3 -0.607 0.02 28
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15.234-T3 -0.597 0.03 28

15.234-T4 -0.673 0.01 28

15.625-F7 -0.571 0.03 28

16.016-F3 -0.747 0.00 28

16.016-C3 -0.576 0.03 28

16.016-C4 -0.559 0.04 28

16.016-F7 -0.754 0.00 28

16.016-T3 -0.593 0.03 28

16.016-Fz -0.600 0.02 28

16.016-Cz -0.743 0.00 28

16.406-F3 -0.612 0.02 28

16.406-C4 -0.565 0.04 28

16.406-F7 -0.083 0.00 28

16.406-T3 -0.687 0.00 28

16.406-T5 -0.620 0.02 28

16.406-T6 -0.634 0.01 28

17.188-C3 -0.814 0.00 28

17.188- C4 -0.681 0.01 28

17.188-P3 -0.554 0.04 28

17.188-F7 -0.593 0.03 28

17.188-T4 -0.628 0.02 28

17.188-T6 -0.693 0.00 28

17.188-Cz -0.735 0.00 28

17.578-C3 -0.586 0.03 28

17.578-C4 -0.890 0.00 28

17.578-T3 -0.732 0.00 28

17.969-F3 -0.566 0.04 28

17.969-C3 -0.671 0.01 28

17.969-F7 -0.659 0.01 28

17.969-Cz -0.754 0.00 28

18.359-F3 -0.624 0.02 28

18.359-C4 -0.721 0.00 28

18.359-P3 -0.629 0.02 28

18.359-P4 -0.569 0.04 28

18.359-F7 -0.735 0.00 28

18.359-F8 -0.619 0.02 28

18.359-T3 -0.758 0.00 28

18.359-Fz -0.775 0.00 28

18.750-F3 -0.595 0.03 28

18.750-F4 -0.681 0.01 28

18.750-C3 -0.672 0.01 28

18.750-C4 -0.754 0.00 28

18.750-P3 -0.747 0.00 28

18.750-P4 -0.731 0.00 28

18.750-F7 -0.556 0.04 28

18.750-Fz -0.701 0.00 28
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18.750-Cz -0.607 0.02 28

18.750-Pz -0.735 0.00 28

19.141-F3 -0.675 0.01 28

19.141-F4 -0.687 0.00 28

19.141-C3 -0.757 0.00 28

19.141-C4 -0.575 0.03 28

19.141-P4 -0.617 0.02 28

19.141-F7 -0.757 0.00 28

19.141-F8 -0.688 0.00 28

19.141-T3 -0.679 0.01 28

19.141-Fz -0.576 0.03 28

19.141-Cz -0.574 0.04 28

         

Figure 5: Mean and SD values of spectral power by frequency bands and derivations on ALS patients bellow and upper six months of 
disease duration.
Notice patients with disease duration upper six months showed increase of spectral power of delta band on right fronto-polar area, 
of beta band on fronto-centro-temporo-parietal areas and also decrease of spectral power of alfa band on central areas, p = 0.02; 28 
degrees of freedom.

Spectral power/ALSFRS-R score: Table 3 shows the 
significate spectral power variables from regression analysis 
with ALSFRS-R score. We can summarize that as clinical 
symptoms get worse (less points in the score), alfa band 
spectral power decreased and delta, theta and beta spectral 

six months. Patients with disease duration upper six months 
showed increase of spectral power of delta band on right 
fronto-polar area, of beta band on fronto-centro-temporo-
parietal areas and also decrease of spectral power of alfa 
band on central areas, (p < 0.05), shown in Figure 5.



Citation: Hernández BA (2024) Electroencephalographic Changes on Amyotrophic Lateral Sclerosis. J Neurodegener Disord 7(1):159-173

Hernández. J Neurodegener Disord 2024, 7(1):159-173 Open Access |  Page 166 |

Table 3: Regression analysis between parameters of spectral power by frequencies band and EEG derivation with ALSFRS score.

Frequencies band and derivation Spearman correlation coefficient P Freedom degree

3.516-Pz -0.568 0.04 27

3.906-O1 -0.706 0.00 27

3.906-Cz -0.556 0.04 27

4.297-Fp2 -0.628 0.00 27

4.688-P3 -0.597 0.02 27

4.688-T5 -0.563 0.04 27

5.078-P3 -0.804 0.00 27

5.859-O1 -0.854 0.00 27

6.250-O1 -0.606 0.02 27

6.250-T5 -0.564 0.04 27

6.641-P3 -0.587 0.03 27

6.641-O1 -0.764 0.00 27

6.641-O2 -0.693 0.00 27

8.984-Fz -0.554 0.04 27

10.547-Pz -0.598 0.03 27

10.938-Pz -0.576 0.03 27

12.500-F8 0.624 0.02 27

13.281-F7 0.913 0.00 27

13.281-F8 0.745 0.00 27

13.672-F8 0.705 0.00 27

13.672-T5 0.583 0.03 27

14.063-F7 0.618 0.02 27

14.063-F8 0.565 0.04 27

14.453-F7 0.742 0.00 27

14.844-F3 0.729 0.00 27

14.844-F4 0.672 0.00 27

14.844-F7 0.685 0.00 27

14.844-F8 0.572 0.00 27

14.844-Fz 0.674 0.00 27

14.844-Cz 0.620 0.00 27

15.625-C3 0.584 0.03 27

15.625-F7 0.571 0.04 27

16.016-C4 0.594 0.03 27

16.016-F8 0.561 0.04 27

16.406-F7 0.718 0.03 27

16.406-T3 0.578 0.00 27

16.797-C3 0.650 0.01 27

16.797-C4 0.621 0.02 27

16.797-T3 0.602 0.02 27

17.578-F4 0.604 0.02 27

17.578-C3 0.626 0.02 27

17.969-C3 0.737 0.00 27

18.359-C3 0.648 0.01 27

18.750-F3 0.592 0.03 27

18.750-Cz 0.601 0.02 27
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central areas and of beta RP on fronto-centro-parietal areas, 
(p < 0.05), shown in Figure 7.

Broad band measures/ALSFRS-R score: Table 5 shows the 
significate broad band variables from regression analysis with 
ALSFRS-R score. We can summarize that as clinical symptoms 
get worse (less points in the score), AP of theta and delta 
bands increased and also MF of delta and beta bands 
increased. There was difference between MF of beta band 
between patients with ALSFRS-R score bellow and upper 40 
points. Patients with ALSFRS-R score < 40 points showed MF 
of beta band increased on bilateral temporal areas, (p < 0.05).

In summary, qEEG on ALS group of patients:

-	 Global diminish of spectral power of alfa band, increase 
of delta (on fronto-central areas), theta (on fronto-
temporal areas) and beta bands (on fronto-centro-
temporal areas). These abnormalities were higher in 
patients with longer disease duration (being evident 
alfa and beta bands abnormalities from 6 months) and 
in patients with more clinical damage (being evident 

power were increased.

There was difference between some of these variables 
between patients with ALSFRS-R score bellow and upper 40 
points. Patients with highest clinical disability (< 40 points on 
ALSFRS-R score) showed increase of spectral power of delta 
band on parieto-occipital areas, of theta band on fronto-
temporo-parietal areas and also of beta band on fronto-
central areas, (p < 0.05), shown in Figure 6.

Broad band measures/disease duration: Table 4 shows 
the significate broad band variables from regression analysis 
with disease duration. We can summarize that as disease 
duration increases, total AP, total MF and alfa PA decreased; 
beta AP, RP and MF increased.

There was difference between some of these variables 
between patients with disease duration bellow and upper 
six months. Patients with disease duration upper six months 
showed decrease of AP of alfa band on left centro-parietal 
area, of total AP on parietal areas and also of total MF on right 
central area. They also showed increase of beta AP on fronto-

         

Figure 6: Mean and SD values of spectral power by frequencies band and derivations on patients bellow and upper 40 points of ALSFRS 
score.
Notice patients with highest clinical disability (< 40 points on ALSFRS score) showed increase of spectral power of delta band on parieto-
occipital areas, of theta band on fronto-temporo-parietal areas and also of beta band on fronto-central areas, p = 0.01; 27 degrees of 
freedom.
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Figure 7: Mean and SD values of broad band parameters by frequency bands and derivations on ALS patients bellow and upper six 
months of disease duration.
Notice patients with disease duration upper six months showed decrease of AP of alfa band on left centro-parietal area, of total AP on 
parietal areas and also of total MF on right central area. They also showed increase of beta AP on fronto-central areas and of beta RP on 
fronto-centro-parietal areas, p = 0.01; 27 degrees of freedom.

Table 4: Regression analysis between parameters of broad band by frequencies band and EEG derivation with disease duration.

Frequencies band and derivation Spearman correlation coefficient P Freedom degree

AP alfa-C3 0.614 0.02 27

AP alfa-P3 0.581 0.03 27

AP beta-C4 -0.578 0.03 27

AP beta-F7 -0.625 0.02 27

AP beta-T3 -0.708 0.00 27

AP total-P3 0.672 0.01 27

AP total-Pz 0.603 0.02 27

RP beta-F7 -0.656 0.01 27

RP beta-C3 -0.647 0.01 27

RP beta-C4 -0.673 0.01 27

RP beta-P3 -0.695 0.00 27

RP beta-F7 -0.794 0.00 27

RP beta-F8 -0.696 0.00 27

RP beta-T3 -0.806 0.00 27

RP beta-T4 -0.635 0.01 27

MF- beta-Pz -0.620 0.02 27

MF- total-C4 -0.611 0.02 27

*AP: Absolute Power; RP: Relative Power; MF: Mean Frequency.
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it had the disadvantage that he only used 8 EEG channels 
[15]. Other authors have applied scientific advances to EEG 
research in this field [16-25].

Alfa spectral power or absolute power decrease has been 
reported by Jayaram and another authors [17-22]. They 
described focal decrease and it has been attributed to loss of 
bodies’ neuron on V layer of the motor cortex and also loss of 
thalamo-cortex connections. We have to remember that alfa 
activity is generated in thalamo-cortical structures [26-36].

In our research we described global decreased of alfa 
spectral power and also decrease of alfa AP, RP and MF 
globally and we could demonstrate it get worse when disease 
duration increases and when clinical score deteriorates. It is 
in accordance with Deligani results [37].

In relation with slow band activities (theta and delta) we 
showed increase of them focally through different methods; 
predominantly on centro-temporal areas and also over frontal 
areas. There are some authors with similar results [25,26,31]. 
They have attributed it to abnormal activity on cerebral 
network, it was demonstrated through basic research in 
transgenic mouse models, which described this abnormality 
in initial steps of the disease [21,38].

For other hand Dukick in 2022, reported decrease of slow 
band activity on ALS patients [16].

We described increase of beta band activity predominantly 
on temporal areas but also on frontal and parietal areas.

Other authors also described focally increase of beta band 
activity on ALS patients. It has been suggested due to increase 
of cortico-striatal activity in ALS patients, it is considered an 
adaptation mechanism in motor function regulation after 
degeneration of motor structures on ALS [21,25,27].

According to Notturno 2023, in healthy subject beta 
activity is in relation with motor system stability and it 
represent a sign of an active process to keep the normal 
function of motor system. It is considerate a good marker to 
evaluate disease severity [27].

Briels 2020 results are very interesting, he reported 
decrease alfa band spectral power and increase of theta and 
delta band power in Alzheimer disease group of patients, very 
similar that ALS group of patients. It suggests that could be a 
common mechanism in some degenerative diseases [28].

Our results are in accordance with most authors and 

theta and beta bands abnormalities lower 40 points 
of the score).

-	 In relation of broad band variables, ALS group showed 
increase of AP, RP and MF of delta band (on centro-
temporal areas), theta (on central areas) and beta (on 
centro-temporal areas). Also, they showed decrease 
of global AP and RP of alfa band. These abnormalities 
were higher in patients with longer disease duration 
(being evident abnormalities of alfa AP, RP of beta 
and MF of theta bands from 6 months) and in patients 
with more clinical damage (being evident beta bands 
abnormalities lower 40 points of the score).

-	 With respect to generators analysis, ALS group showed 
increase of the generators of delta band on centro-
temporal areas, theta band on fronto-centro-temporal 
areas and beta band on centro-parietal areas.

Connectivity analysis

Statistical analysis of comparison connectivity parameters 
showed significance parameters: PLV, rho index, SL, Ganger 
causality, MI and ET. All of them were higher on ALS group 
of patients, (p < 0.05): PLV globally on alfa and beta bands, 
predominantly on frontal and centro-parietal electrodes, 
shown in Figure 8A (alfa band) and Figure 8B (beta band). 
Rho index globally on alfa and beta bands, predominantly 
on frontal and centro-parietal electrodes, shown in Figure 
8C (alfa band) and Figure 8D (beta band). Ganger causality 
on frontal electrodes, shown in Figure 8E. SL on frontal 
electrodes, shown in Figure 8F. MI on frontal electrodes, 
shown in Figure 8G and ET on centro-temporo-parietal and 
occipital electrodes, shown in Figure 8H.

Discussion
In Cuba qEEG analysis has been applied on research 

of neurodegenerative diseases: Alzheimer disease and 
Parkinson disease, but not to motor neuron disease [13,14]. 
This research summarizes different methods of analysis 
of electrical brain activity with the aim of show functional 
brain changes on ALS that could be used as biomarker of the 
disease.

Spectral and broad band parameters analysis
Some authors have found decrease of alfa absolute power 

on ALS patients. The first one was Mai in 1998, who described 
decrease of this parameter on central (sensori-motor) areas, 

Table 5: Regression analysis between parameters of broad band by frequencies band and EEG derivation with clinic score ALSFRS.

Frequencies band and derivation Spearman correlation coefficient P Freedom degree

AP theta-O1 -0.614 0.02 27

AP beta-F7 0.561 0.04 27

MF delta-T6 -0.584 0.03 27

MF delta-Fz -0.680 0.01 27

MF beta-T5 -0.576 0.03 27

MF beta-T6 -0.555 0.04 27

*AP: Absolute Power; RP: Relative Power; MF: Mean Frequency



Citation: Hernández BA (2024) Electroencephalographic Changes on Amyotrophic Lateral Sclerosis. J Neurodegener Disord 7(1):159-173

Hernández. J Neurodegener Disord 2024, 7(1):159-173 Open Access |  Page 170 |

         

Figure 8: Statistical significance from comparison of functional connectivity parameters between ALS and healthy subjects. Notice 
all of them are increased on ALS patients. (A) PLV on alfa band. Increased globally, predominantly on frontal and centro-parietal 
electrodes, p = 0.00; 58 degrees of freedom; (B) PLV on beta band. Increased globally, predominantly on frontal and centro-parietal 
electrodes, p = 0.01; 58 degrees of freedom; (C) Rho index on alfa band. Increased globally, predominantly on frontal and centro-
parietal electrodes, p = 0.03; 58 degrees of freedom; (D) Rho index on beta band.  Increased globally, predominantly on frontal and 
centro-parietal electrodes, p = 0.04; 58 degrees of freedom; (E) Ganger causality. Increased on frontal electrodes, p = 0.00; 58 degrees 
of freedom; (F) SL. Increased on frontal electrodes, p = 0.00; 58 degrees of freedom; (G) Mutual information. Increased on frontal 
electrodes; (H) Entropy transference. Increased on centro-temporo-parietal and occipital electrodes, p = 0.01; 58 degrees of freedom.
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However other authors have reported decreased of 
functional connectivity. Fraschini 2018, reported global 
decrease of alfa band connectivity [33], Dukick 2022, 
described decrease of connectivity on beta band on temporal 
and frontal areas [16].

Proudfoot 2018, demonstrated decrease of connectivity 
on alfa and beta bands [42]. For his part Sorrentino 2018, 
demonstrated that there is a topological reorganization of 
neural network according with disease progression [45].

EEG parameters show abnormalities of brain electrical 
activity on ALS patients. It represents an innocuous and low-
cost method that could be taken in account as a biomarker to 
the diagnosis and progression of ALS.

Conclusions
-	 In relation with spectral power: ALS patients showed 

decrease of SP of the alfa band globally, increase on 
delta (on fronto-central areas), theta (fronto-temporal 
areas) and beta bands (on fronto-centro-temporal 
areas) in comparison with healthy subjects.

-	 In relation of broad band measures: AP, RP and MF 
delta, theta and beta were increase, while AP and RP 
of alfa band were decrease on ALS patients.

-	 These abnormalities were highest when disease duration 
increased and when clinic score got worse. The EEG 
changes were evident upper 6 months of disease 
duration and lower of 40 points of ALSFRS score.

-	 With respect to sources analysis: ALS patients showed 
increase of generators of delta on centro-temporal 
areas, theta on fronto-centro-temporal and beta band 
on centro-parietal areas.

-	 Connectivity analysis appeared increase globally on 
alfa and beta bands, predominantly on frontal and 
centro-parietal electrodes. All of measures indicated 
electric activity hypersynchronization on frontal 
electrodes.
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one important aspect, we demonstrate that these qEEG 
abnormalities get worse when disease progress and when 
clinical signs get worse. Six month of disease duration 
appears to be a good time to show the beginning of these 
abnormalities.

Connectivity
On papers that we consulted there is an imbalance in 

relation with results of connectivity analysis. The most of 
results refer to functional connectivity based on fMRI and few 
of them refer to connectivity based on EEG [37-44].

Our results show an increase of functional connectivity 
based on EEG on ALS group of patients, it was evidenced 
through increase of global synchronization of cerebral 
electrical activity of alfa and beta bands, predominantly 
on centro-parietal areas demonstrated through the most 
parameters. Other group of connectivity parameters 
demonstrated increase connectivity on frontal and temporo-
parieto-occipital areas. In general, all of parameters are in 
accordance with areas with most affected parameters are 
centro-parietal and frontal electrodes.

Assenza 2015, raised that after a cerebral damage, 
is triggered plasticity cerebral mechanism, new neural 
networks are created, they started to oscillate in delta band 
range and after that in other frequency bands range, with 
hypersynchrony [22].

The increase of functional connectivity also has been 
attributed to loss of inhibitory intracortical influence, it has 
been evidenced from initial step of the disease [29]. Clark 
and col, in 2015, have supported this theory through the 
argument that in ALS there is a failure of the excitation-
inhibition mechanisms, staying a neuronal hyperexcitability 
state; motor neurons generate a great number of action 
potentials with hypersynchrony, it causes neuronal death 
and when disease progress then neural hypoexcitability 
may occur. Increase of connectivity has been interpreted as 
compensatory activity in response to neural degeneration 
[18].

Blain Moraes, in 2013, just like us, reported increase of 
entropy transference in a group of patients with ALS [30].

Agosta 2011 and Mohammadi 2009 also reported increase 
of the connectivity on sensori- motor cortex, it was correlated 
with ALSFRS-R score [31,32]. McMackin 2019, reported 
increase of connectivity on parietal area.

We didn´t find statistical differences in coherence 
parameter between ALS patients and healthy subject, but 
other authors have found abnormalities of this parameter 
on ALS patients [23]. Deligani 2020, reported increase of 
the coherence of beta band on fronto-centro-parietal areas, 
these findings have been correlated with corticospinal tract 
and motor cortex degeneration through MRI [37]. Briels 
2020, demonstrated increase of imaginary coherence of 
theta band on temporal electrodes [28]. McMackin 2019, 
reported increase of the coherence of theta and gamma 
bands on frontal area, he demonstrated it was increased with 
progression disease [23].
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