
Quantitative EEG analysis for assessment to dplanT a task in amyotrophic
lateral sclerosis patients: a study of executive functions

(planning) in ALS patients

Jayashree Santhosha,*, Manvir Bhatiab, Shweta Sahua, Sneh Ananda

aCentre for Biomedical Engineering, Indian Institute of Technology, Delhi, Hauz Khas, New Delhi 110 016, India
bDepartment of Neurology, All India Institute of Medical Sciences, Ansari Nagar, New Delhi, India

Accepted 23 July 2004

Abstract

An attempt has been made to study the ability of patients with amyotrophic lateral sclerosis (ALS) to dplanT a task.
Electroencephalogram (EEG) data corresponding to dplanning of a movement taskT is analyzed in comparison with a normal relaxed
state. The study was conducted on 12 patients with ALS (6 males, 3 females, mean age 46.75 years) and on same number of controls
(10 males, 2 females, mean age 48.75 years) to evaluate a difference in the ability to dplanT a movement task between them. Patients
with ALS were divided in two groups defined by unclear/clear speech. It has been observed that patients with ALS having unclear
speech (Group I) showed considerable reduction (pb0.0001) in dplanningT a movement task, whereas patients with ALS having clear
speech (Group II) showed no deficit in dplanningT a movement task (p=0.0577), both in comparison with age-matched controls. Apart
from supporting the earlier reports of a possible extended neuronal degeneration across wide area of the frontal lobes, the findings
reveal a possible reduction in planning, an executive function of the prefrontal cortex of brain, and also reveal that speech impairment
may be associated with cognitive deficits in patients with ALS.

Theme: Disorders of the nervous system
Topic: Degenerative disease: other
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1. Introduction

Patients with amyotrophic lateral sclerosis (ALS) have
traditionally been assumed to have dno-cognitive impai-
rmentT since research has been generally focused on motor
pathways. Later studies have revealed that they have non-
motor abnormalities, such as cortical dysfunction, with
impairments in various tasks like auditory selective attention

[34], verbal fluency, and word generation [3,2], thus
broadened the concept of selective vulnerability in patients
with ALS. Various tests on working memory and on
sustained attention also showed significant impairment
[5,18], while experiments using MRI, SPECT, functional
and structural MRI also confirmed executive dysfunction in
ALS patients [1,6].

Studies on executive functions of brain have pointed
out that an executor is responsible for initiation of
overall control of goal-directed behavior and deliberate
actions, attention, planning, and decision making [12-
14], for which the prefrontal regions of brain area are
specialized. A number of scientists involved with brain-
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computer interface (BCI) research have used computa-
tional mechanisms in detecting the imagination of motor
acts in awake electroencephalogram (EEG) [17,19,26-30].
It was established that these variations in electroencepha-
logram power spectra related to planning of movements,
known as Event-related desynchronisation (ERD) are
detected, generally with in the 8-13 Hz alpha band,
known as mu rhythm and could be used to distinguish
dplanningT of a movement task in any individual [8,25,27,
28,31]. Mu rhythm, the synchronized EEG activity of
about 8-13 Hz over the sensorimotor cortex is most
visible while the subject is at rest with awake state [7].
During planning for a movement, at least a second
before, the Mu rhythm over the contra-lateral hemisphere
undergoes an attenuation of power and hence shows a
decrease in amplitude [23]. In a practical desire to
quantitatively assess the ability of patients with ALS to
dplanT a movement task, we used the EEG features of
movement imagery.

2. Material and methods

2.1. Subjects

Twelve patients with clinical and electro-physiologic
signs of motor neuron involvement pointing to a
diagnosis of definite or probable ALS [36] were selected
for the study. The patients were divided in two groups
defined by unclear/clear speech. Thus, Group I had eight
patients (6M, 2F) with unclear speech, whereas Group II
had four patients (3M, 1F) with clear speech. This was
confirmed by asking them to utter any three words and to
answer three queries. All ALS patients were ambulatory

Fig. 1. Montage showing electrode placement.

although only three of them were able to do activities of
daily living (ADL) independently and nine needed help.
Since the experiment paradigm designed is movement
imagery of right hand, only right-handed patients were
selected. No other selection criteria were applied for
inclusion or exclusion of patients. Clinical details for the
two groups (9M, 3F, mean age 46.75 years, mean disease
duration 14.33 months) were given in Table 1. No patient
was on medication relevant to central nervous system
functions and none had dementia as per history.

A pro forma was filled in all with details of age, sex
and duration of disease. Twelve age-matched, right-
handed normal subjects, who served as controls (10M,
2F) were also investigated. The subjects were volunteers,
those who accompanied a patient for investigations in the
hospital or technical and support staff from the rehabil-
itation laboratory of the institute. The controls were right-
handed and healthy, without any medication and had no
history of neurologic or psychiatric diseases. The educa-

Table 1
Clinical characteristics of patients in Group I and Group II

Patient no. Age (year)/sex Educational
status

Disease duration
(month)

Speech Walking Writing ADL

Group I
1
2
3
4
5
6
7
8

Group II
9
10
11
12

30/M
32/M
36/F
47/F
48/M
52/M
62/M
69/M

25/M
40/M
55/F
65/M

10
12
18
12
5
5
6
4

30
30
36
4

The d+T sign indicates the ability of the patient to do the corresponding activity of speech, walking, and writing, while the '—d sign indicates the inability to do
the same. In case of ADL, '—d sign indicates the ability to perform ADL with help and d+T sign indicates the ability to perform ADL independently. For patient
no. 2, speech was neither clear nor unclear, hence used d —/+T sign.
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Table 2
Comparison of correct sessions in planning, between Group I and age-
matched controls, using one-way ANOVA

Group I

Correct sessions n
in planning

ALS )
Control )

i Mean
(%)

i 19.8
i 88.0

Median
(%)

25.0
85.4

S.D.
(%)

18.33
11.67

F-value

68.35

P-value

b0.0001

tional status of the participants varied from illiterate to
highly literate. After taking verbal consent for participa-
tion, full explanation of the experiment was given to each
of the participant.

2.2. EEG recording and analysis

For the current study, EEG data was collected for 24
times (one recording per participant) from 12 healthy
right-handed controls and 12 right-handed patients with
ALS. The Ag/AgCl scalp electrodes, placed 2.5 cm
anterior and posterior to C3 and C4, were shown in Fig.
1. Electrode pairs used are C4-F4, C4-T4, C4-P4, C4-Cz,
C3-F3, C3-T3, C3-P3, C3-Cz as bipolar and F4-A2,
C4-A2, T4-A2, P4-A2, F3-A1, C3-A1, T3-A1, P3-A1
as unipolar derivations according to the international
standard 10-20 system of electrode placement [33]. The
reference electrodes are placed on the left and right ears
and the ground electrode on the forehead. Electrooculo-
gram (EOG) was derived from two electrodes, placed on
outer canthi of left and right eye in order to detect eye
movement. These EOG signals are used to eliminate eye
movement artifacts [15].

An experimental paradigm was designed for the study
and the protocol was explained to each participant before
the experiment. In this, the subject was asked to comfortably
lie down in a relaxed position with eyes closed. Initially, the
subject was asked to relax for 5 min. After assuring the
normal relaxed state by checking the status of alpha waves,
the EEG was recorded for 30 s, collecting six sessions of 5 s
epoch each for drelaxedT state. This is used as the basic
reference for further analysis of dplanningT data. Following

2 3 4 5 6 7 8
Subjects

• ALS • Control

Fig. 2. Percentage of correct sessions in planning state in Group I compared
with age-matched controls.

this, the subject was asked to mentally plan to move the
right hand thumb, on presentation of an audio cue, both at
the start and end of a 5 s session. The duration of the sound
cue was 1 ms and at 60 dB. Six sessions of 5 s dplanningT

data were recorded each with a time gap of 180 s. The whole
experiment including preparation of the subjects lasts for 1
h, collecting EEG data for 12 sessions, six each for drelaxedT

and dplanningT states. All data sets were visually checked for
artifacts before selection. The 5 s epochs related to the
normal drelaxedT and dplanningT period were first pruned for
artifacts and then analyzed as per the following settings:
high-frequency filter 50 Hz, low-frequency filter 1.6 Hz,
notch filter 50 Hz, sensitivity 70 AV/mm and a sampling rate
of 256 Hz.

The EEG data corresponding to a normal drelaxedT state
and dplanning of right-hand movement taskT were collected.
The present study observed mu rhythm consistent in the 7-
13 Hz frequency band and observed the change in EEG
during movement imagery within this band. Procedural
details on ERD computation is similar to standardized
methods reported previously [20,23,24]. ERD% is calcu-
lated using the simple formula: ERD=[(band power refer-
ence—band power test)/(band power reference)] x 100,
according to the standard technique [20]. The 1 s data

Table 3
Comparison of correct sessions in planning, between Group II and age-
matched controls, using one-way ANOVA

Correct sessions
in planning

ALS
Control

n

4
4

Mean
(%)

100
87.5

Median
(%)

100
83.0

S.D.
(%)

0.0
8.4

F-value

9

P-value

0.0577

Results of statistical analysis done for correct planning sessions between
Group I and their age-matched controls by one-way within subjects
ANOVA (repeated measures) is shown in Table 2. Table 3 shows the
results of the same between Group II and their age-matched controls.
The two data sets for which ANOVA calculated, the percentage
of correct planning sessions in ALS and in controls, are shown in
Figs. 2 and 3.

Group I

2 3
Subjects

•ALS d control

Fig. 3. Percentage of correct sessions in planning state in Group II
compared with age-matched controls.
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Table 4
Clinical characteristics of Group I patients who displayed none and 25% correct trials of planning

Patient no. Age (year)/sex Correct sessions
of planning (%)

Educational
status

Disease duration
(month)

Speech Walking Writing ADL

1
5
6
3
4
7

30/M
48/M
52/M
36/F
47/F
62/M

0
0
0

25
25
25

10
5
5

18
12
6

preceding the 5 s epoch for dplanning of movementT is the
reference interval, where the series of five 1 s recorded data
is the test interval. Thus, with the series of five test intervals,
the time course of shift in band power is monitored over an
entire session. While evaluating data for dplanning a
movement taskT session, an event-related amplitude reduc-
tion of up to 10% and above were considered as a successful
attempt and otherwise as an unsuccessful attempt in
planning a movement task. Thus, percentage of correct
sessions in planning is obtained using the formula: (number
of successful attempts obtained in planning a movement
task/number of total sessions done for planning a movement
task) x 100.

3. Results

Eight patients with ALS, all having unclear speech
identified as Group I, responded with an average 20%
correct sessions to dplanT (pb0.0001), where in Group II, a
total of four patients who had clear speech showed all
correct in their planning session (p=0.0577).

Results of statistical analysis done for correct planning
sessions between Group I and their age-matched controls by
one-way within subjects ANOVA (repeated measures) is
shown in Table 2. Table 3 shows the results of the same
between Group II and their age-matched controls. The two
data sets for which ANOVA is calculated, the percentage of
correct planning sessions in ALS and in controls are shown
in Figs. 2 and 3.

The analysis is done using Analyze-It software. The
results for Group I indicated significantly reduced number
of correct sessions to dplanT a task (pb0.0001) compared
to controls, whereas no significant changes are displayed
between Group II (p=0.0577) and controls. None of the
planning sessions were correct for three out of eight
patients in Group I (patient nos. 1, 5, and 6) in any of
their dmovement imageryT task session, hence considered
as dno ability to plan a movement taskT. Another three
out of eight patients (patient nos. 3, 4, and 7) showed
only 25% correct sessions in planning the movement.
The clinical characteristics of Group I patients who
displayed none and 25% correct sessions of planning
were given in Table 4. One 32-year-old male patient from
Group I (Patient no. 2), whose speech was neither clear
nor unclear, showed 50% correct sessions in planning a
task.

Figs. 4 and 5 shows the percentage of correct sessions in
both states plotted separately for patients with ALS and for
controls.

Compared with controls, patients with ALS showed
better relaxed state in all experiments. Estimation of mu
rhythm power spectra in drelaxedT state is the base for
ERD% calculation and is shown for Controls in Fig. 6 and
for patients with ALS in Fig. 7.

Fig. 8 shows some of the average spectra for relax and
planning state from patients with ALS in Group I, and Fig. 9
shows the same for Group II. Fig. 10 shows the average
spectra for the two states from controls.
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Fig. 4. Percentage of correct sessions in drelaxedT and dplanningT states in
patients with ALS.
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Fig. 5. Percentage of correct sessions in drelaxedT and dplanningT states in
controls.
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3 4 5 6 7 8 9 10 11 12
Normal subjects
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• C4-F4 "C4-T4 "C4-P4 nC4-Cz

Fig. 6. Band power estimation of relaxed state mu rhythm from controls.

Fig.
with
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7. Band power estimation of relaxed state mu rhythm from patients
ALS.

Although a considerable reduction in the 7-13 Hz
band amplitude was observed in ALS patients in relax
state, compared to that in corresponding age-matched
controls, the ERD% was calculated, taking this into
consideration; that is, ERD% is calculated in each
individual with their own relax and planning state. The
reduction of alpha amplitude in ALS patients is currently
being analyzed by the authors.

4. Discussion

The present study is conducted on 12 patients from an
unselected group of patients with ALS including those
with or without cognitive impairment. Eight with unclear
speech were classified into Group I, and four with clear
speech into Group II. Although they were asked to write
any three words, only three patients were able to do so
since nine of them were either having weakness or low
grip in their hands; hence, writing test could not be
considered. Patients were not evaluated for bulbar/
pseudo-bulbar involvement although none had Ryleo's
tube for feeding. No standardized scale was applied to
measure the severity of handicap since the purpose of the
study was to examine motor imagery cognitive task in
ALS patients.

The significant result form the study is the observation of
a deficit in dplanningT a movement task in Group I
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Fig. 8. Average spectra in planning and relaxed state for one epoch in 7-13 Hz band from a patient with ALS in Group I. Panels (a), (b), and (c) show the
bipolar derivations from electrode pairs C3-F3, C3-T3, and C3-P3, respectively, whereas panel (d) shows unipolar derivation from the electrode C3-A1. The
graphs show no reduction in power during dplanningT state.
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Fig. 9. Average spectra in planning and relaxed state for one epoch in 7-13 Hz band from a patient with ALS in Group II. Panels (a), (b), and (c) show the
bipolar derivations from electrode pairs C3-F3, C3-T3, and C3-P3, respectively, whereas panel (d) shows unipolar derivation from the electrode C3-A1.
Graphs show reduction in power during dplanningT state in all electrode pairs.

(pb0.0001) in comparison with age-matched controls where
Group II displayed no deficit in comparison with age-
matched controls (p=0.0577). In Group I, one 69 year old
patient (Patient No. 8) who showed 33.3% correct sessions
of planning during his movement imagery task, was able to
perform ADL independently, whereas the 32 year old
patient (Patient no. 2), who had low grip in his arms,
showed 50% correct sessions. As given in Table 4, three
patients who had no correct session in planning, were those
who needed help to perform ADL. Another three who had
only 25% correct sessions, two of them could perform ADL
independently, where one needed help. In Group II, where
patients with ALS showed all correct sessions in planning a
task, were having either low grip or weakness in hands,
walking problems hence needed help to perform ADL,
although all had clear speech.

The executive functions of the brain is known to include
a set of processes like planning, attention, decision making,
initiation and overall control of execution of deliberate
actions and goal-directed behavior and the dorsolateral
prefrontal cortex participates in the initiation and execution
of deliberate actions [12-14]. Latest neuroimaging and
BOLD (blood oxygenation level-dependent) studies had
shown increased activity in the dorsal prefrontal cortex
(DPFC) showing the involvement in generating the inten-
tions to move [11,21].

Considerable amount of research had provided evi-
dence for extra-motor involvement in ALS patients
through neuropsychological, neuroimaging, electrophysio-
logical and neuropathological studies [1,2,4,32,34]. In a
recent report, an extensive battery of neurophychological
tests, administered to test different domains of cognition,
with an emphasis on executive functions which included
working memory, resistance to interference, perseverance
and set shifting, revealed consistent and significant
impairment and also suggested involvement of dorso-
frontal, orbitofrontal and anterior cingulate cortices [18].
An fMRI investigation revealed impaired activation in
regions including anterior cingulated gyrus and supple-
mentary motor area and a corresponding structural MRI
revealed reduced white matter densities in inferior frontal
gyrus and dorsolateral prefrontal cortex (DLPFC) in ALS
patients with cognitive impairment [6]. Deficits in
executive dysfunction in selective attention was also
identified using various tests including Wisconsin Card
sorting, Picture sequencing, Verbal fluency, Stroop word
color, Trail making and visual retentional test of Benton
Violon Seyll and event-related EEG potentials by various
scientists, in patients with ALS [1,5,10,22,34].

Thus, studies so far reported frontal lobe dysfunctions in
ALS patients by checking verbal fluency or word generation
paradigms. In the present study we conducted experiment to
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Fig. 10. Average spectra in planning and relaxed state for one epoch in 7-13 Hz band from a Control subject. Panels (a), (b), and (c) show the bipolar
derivations from electrode pairs C3-F3, C3-T3, and C3-P3, respectively, whereas panel (d) shows unipolar derivation from the electrode C3-A1. Graphs show
reduction in power during dplanningT state in all electrode pairs.

investigate the dplanningT process of brain's executive
function, in patients with ALS. In order to study the ability
to dPlanT a task, we have experimented with the mu rhythm,
which is voluntarily present in all individuals. The FFT and
corresponding band power estimation showed significant
reduction in the ability to dPlanT in ALS patients having
unclear speech and no deficit in dPlanningT for those with
clear speech.

Several reports [16,17,19,28-30,35] have used ERD of
mu rhythm for design of brain computer interface (BCI)
systems as a communication device for severely handi-
capped patients with ALS, based on movement imagery.
Because of the development of successful methodologies to
extract the EEG features of movement imagery all studies
had suggested BCI technology would be valuable to
severely handicapped like patients with ALS, although all
of the above listed studies were based on normal subjects. A
recent study carried out again in normal subjects, on
different types of cognitive tasks which could be used for
driving BCI systems, reported the need to evaluate variety
of tasks for successful implementation of BCI systems for
the disabled [9]. As per the results of the present study,
severity stage estimation is needed in future to categorize
ALS patients to use BCI systems successfully. The authors
would like to point out here that as per the observations
from the study all patients with ALS cannot be facilitated to
use the BCI systems and suggests increased selectivity
criteria of ALS cases prior to using such system as a
successful communication device.
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