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Abstract

Background: Amyotrophic lateral sclerosis (ALS) progressively impairs motor function,
compromising speech and limiting communication. Augmentative and alternative com-
munication (AAC) is essential to maintain autonomy, social participation, and quality of
life for people with ALS (PALS). This review maps technological developments in AAC,
from low-tech tools to advanced brain–computer interface (BCI) systems. Methods: We
conducted a scoping review following the PRISMA extension for scoping reviews. PubMed,
Web of Science, SciELO, MEDLINE, and CINAHL were screened for studies published
up to 31 August 2025. Peer-reviewed RCT, cohort, cross-sectional, and conference pa-
pers were included. Single-case studies of invasive BCI technology for ALS were also
considered. Methodological quality was evaluated using JBI Critical Appraisal Tools.
Results: Thirty-seven studies met inclusion criteria. High-tech AAC—particularly eye-
tracking systems and non-invasive BCIs—were most frequently studied. Eye tracking
showed high usability but was limited by fatigue, calibration demands, and ocular impair-
ments. EMG- and EOG-based systems demonstrated promising accuracy and resilience
to environmental factors, though evidence remains limited. Invasive BCIs showed the
highest performance in late-stage ALS and locked-in syndrome, but with small samples
and uncertain long-term feasibility. No studies focused exclusively on low-tech AAC inter-
ventions. Conclusions: AAC technologies, especially BCIs, EMG and eye-tracking systems,
show promise in supporting autonomy in PALS. Implementation gaps persist, including
limited attention to caregiver burden, healthcare provider training, and the real-world use
of low-tech and hybrid AAC. Further research is needed to ensure that communication
solutions are timely, accessible, and effective, and that they are tailored to functional status,
daily needs, social participation, and interaction with the environment.

Keywords: amyotrophic lateral sclerosis; communication; augmentative and alternative
communication (AAC); autonomy; eye-tracking and brain–computer interface
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1. Introduction
Amyotrophic Lateral Sclerosis (ALS) is a neurodegenerative disease characterised

by the degeneration of upper and lower motor neurons, resulting in muscle atrophy and
paralysis [1]. Classified as a rare disease, its incidence is approximately two cases per
100,000 inhabitants per year. The etiopathology of ALS remains highly complex and is
largely unknown, although several hypotheses have been proposed to explain its origin,
highlighting a multifactorial etiopathology [2].

Clinical presentation varies considerably among individuals. Hallmark signs and
symptoms of ALS include progressive muscle weakness, atrophy, fasciculations, cramps,
spasticity, dysarthria (speech difficulties), dysphagia (swallowing difficulties), dyspnoea
(shortness of breath, with progressive restrictive pattern), emotional lability (mood swings),
and others [3]. In addition, individuals often experience chewing difficulties and may
experience excessive drooling (sialorrhea) [4]. It is essential to note that while cognitive
function is typically preserved, up to 15% of People with ALS (PALS) may exhibit signs of
frontotemporal dementia in the early stages, and more than 50% may develop cognitive
impairment as the disease progresses [5]. Importantly, sensory functions, eye movements,
and functions related to sexual health, bowel control, and urinary control typically remain
intact [1,3].

Dysarthria is one of the most impactful symptoms affecting communication, partic-
ularly in cases with bulbar onset. It involves changes in vocal quality, slowed speech,
phonation, orofacial muscle weakness, prosody, imprecise articulation, and incoordination
of the stomatognathic system [6,7], ultimately compromising oral communication.

As the condition progresses, 80% to 95% of PALS may lose the ability to use natural
speech in daily interactions [8,9]. This progressive loss can lead to frustration, emotional
distress, and significant social isolation, negatively influencing quality of life, psychological
well-being, and interpersonal relationships [10]. Without adequate communication alterna-
tives, PALS may experience profound barriers to social participation and a greater burden
on caregivers [8,11,12].

Communication is inherent to human essence and is therefore fundamental throughout
life. Thus, to ensure efficient communication, the parties involved must share a mutual
understanding of the information exchanged. In this context, this represents a vital need,
as well as a fundamental right, essential to life in society, and its privation can affect day-to-
day activities, conditioning intrinsic cognitive and mental performance, as well as needs
regarding the relation with the self and different domains (inter- or transpersonal) [10].
Failing to provide communication resources constitutes a barrier to inclusion and violates
the principles of equity and participation. Augmentative and alternative communication
(AAC) resources are needed at some point in the progression of the disease due to the
progressive loss of natural speech functionality [9]. This includes technology and training,
both of which are necessary, as their practical use directly influences PALS’ quality of life
and social interactions.

AAC encompasses any resource, strategy, or technology that enables communication
for people with functional speech limitations, facilitating communication between PALS
and their partners. It is crucial to refer individuals for AAC intervention as early as
possible, as this allows for training and adaptation to begin before their motor condition
deteriorates [9]. AAC strategies vary in complexity and cost and can be categorised by
technology level. The key categories include [13]: unaided communication systems, relying
on body movements, without the need for equipment, such as blinking, transitive gestures,
facial expressions and even vocalisations; low-tech resources, which rely on the use of
non-electronic tools, such as handwriting and communication boards; high-tech resources
comprising electronic devices, speech-generating devices, adaptors, and sensors that can
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control the devices through body regions, ocular movements, electromyography (EMG),
or other interfaces; and brain–computer interfaces (BCIs): a technology that enables the
operation of computers through electroencephalography (EEG) signals without requiring
neuromuscular activity [14]. This resource may be particularly beneficial for mechanically
ventilated patients at risk of developing a locked-in syndrome (LIS) or total LIS, or for
other individuals phenotypically similar. Nevertheless, low-tech resources continue to play
a central and effective role in supporting everyday interaction and communication [15].
And since high-tech resources are valuable but not infallible, as they may be affected by
software errors, technical problems, or power failures, they should be used alongside
low-tech resources.

Considering the abovementioned, this study aims to map the existing literature on
technological advancements in communication for PALS, with potential applicability to
other conditions sharing similar functional and phenotypic trajectories.

2. Materials and Methods
This scoping review was conducted with the primary objective of mapping scientific

knowledge and reported in accordance with the PRISMA guidelines–extension for scoping
reviews (PRISMA-ScR) [16] and the methodological recommendations of the Joanna Briggs
Institute (JBI), including the framework of the corresponding Critical Appraisal Tools [17].
A registration number was also obtained: 10.17605/OSF.IO/UKD56 and can be found
at the next link (https://osf.io/dtbw3/overview, accessed on 18 December 2025). The
process followed the essential stages of evidence mapping: Formulation of the research
question, definition of eligibility criteria, identification of descriptors and keywords, devel-
opment of the search strategy, systematic database searching, screening and selection of
studies, extraction of relevant data, narrative synthesis of the results, and preparation of
the final report. Since this review used only previously published data and did not involve
interaction with human participants or access to identifiable personal data, formal ethics
committee approval was not required under applicable European Union regulations and
institutional ethical guidelines. No generative artificial intelligence tools were used at any
stage of the study.

2.1. Search Strategy

The search strategy was developed using the PCC framework and aimed to identify
studies describing AAC technologies used by PALS (population: People with amyotrophic
lateral sclerosis; concept: Technological advancements in augmentative and alternative
communication; context: Clinical and home settings where AAC is applied to support
communication in ALS). The search was conducted in September 2025 and included studies
published between 01 January 2000 and 31 August 2025. The databases consulted were
PubMed, Web of Science, SciELO, Medline via PUBMED, and CINAHL via EBSCO. To
maximise comprehensiveness, additional free searches were performed in Google Scholar
(using the keywords “AAC augmentative alternative communication systems articles in
ALS, Amyotrophic Lateral Sclerosis”. The first 10 pages of results were screened, and
100 records were screened. Screening was stopped after this point, as subsequent pages
yielded duplicate or irrelevant records). The complete search strategies for each database are
provided in the Supplementary Material (Supplementary Table S1). All records identified
were imported into the Rayyan platform, where duplicates were removed.

2.2. Eligibility Criteria

Studies were considered eligible if they addressed AAC technologies or technology-
based communication interventions applied to PALS. Original full-text studies were
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included if they employed methodologies such as randomised controlled trials, cross-
sectional studies, cohort studies (retrospective or prospective), case series, or conference
communications involving PALS. Conference papers were considered only if they were
full conference papers published in proceedings and provided sufficient detail (e.g., study
design, data collection, and analysis). Single-case studies were only eligible if they ad-
dressed novel or emerging directions relevant to ALS and related phenotypes, such as
locked-in syndrome, i.e., studies on the use of invasive BCIs. Review articles, commentaries
and opinion papers, animal studies, posters, and communications without full papers
and abstracts were excluded. Only studies written in English, French, Portuguese, or
Spanish were considered. Articles focusing exclusively on conditions other than ALS were
also excluded.

2.3. Data Extraction and Synthesis

Data were obtained using customised extraction forms. The following information
was recorded for each study: study ID, author and year of publication, country, aim, and
population details (diagnostic, sample size, ALS stage), AAC modalities and technology
level, characteristics and outcomes assessed (for example: communication effectiveness,
usability, user perception). The study selection process was conducted in two stages. First,
two reviewers (FG, CD) independently screened titles and abstracts based on the predefined
eligibility criteria (with an agreement coefficient of 0.98). Studies meeting the criteria, as
well as those for which eligibility was unclear, were advanced to the next stage. In the
second stage, the full texts of the selected studies were examined in detail by the same
reviewers to confirm inclusion. Discrepancies were resolved through discussion, and when
necessary, a third reviewer (MIT) was consulted to reach a final decision. In parallel, a
complementary analysis examined single-case participant studies that described emerging
or experimental technologies relevant to ALS and related phenotypes, such as locked-in
syndrome, including studies using invasive cortical electrodes.

Data extraction was performed using a structured form developed by the authors. In-
formation was collected on study design, participant characteristics, technological modality,
communication objectives, reported outcomes, and key contributions to the advancement
of communication technologies. Given the heterogeneity of study designs, technologies
assessed, and outcomes reported, the synthesis was conducted narratively, aiming to map
the scope, characteristics, trends, and emerging directions of communication technologies
applied to individuals with ALS. No new data was created or analysed in this study. Data
sharing does not apply to this article.

3. Results
A total of 3196 papers were retrieved. After removing duplicate studies and articles

that did not meet the inclusion criteria, 548 titles and abstracts were screened, and 145 were
assessed for eligibility. After selection, 37 articles were included in the review. Most of
the excluded studies were excluded because the participants were not people with ALS or
because they did not assess/intervene at the level of functional communication through
AAC systems. A flowchart illustrating the number of records identified, included, and
excluded, along with the reasons for exclusions, is shown in Figure 1.
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Figure 1. A PRISMA flow chart of study selection.

3.1. General Characteristics of Included Studies

The selected studies were conducted in diverse settings, including specialised ALS
clinics, rehabilitation centres, and research laboratories. The studies enrolled adult patients
with varying degrees of disease progression, focusing on the implementation and testing
of technologies such as eye-tracking, brain–computer interfaces, electromyography, and
hybrid communication systems. No studies were performed on children or teenagers with
juvenile ALS. Study designs ranged from exploratory cross-sectional analyses to longitu-
dinal cohort investigations, as detailed in Table 1. Six case studies (from 2023 and 2024)
that used electrocorticographic, as an invasive brain–computer interface procedure and
intervention, are summarised in Table 2.

3.1.1. Access Modality

To better map the current landscape of AAC technologies for ALS, the included studies
were grouped according to access modality. Non-invasive approaches, such as eye-tracking
systems, were most frequently studied, especially in early- to mid-stage ALS, showing high
usability and extended daily use times (median 300 min), though ocular impairments and
gaze fatigue limited access for some participants [18,19]. During the disease course, some
studies highlight challenges related to calibration time, accuracy, and dropout in more
dependent patients, including those with locked-in syndrome (LIS). Electrooculography
(EOG)-based systems provided alternative communication channels, advantageous when
eye-tracking was no longer feasible [20,21]. Electromyographic (EMG) methods, using
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facial and limb muscle signals, were explored for both communication and device con-
trol [22,23]. EEG-based BCIs employing P300 and steady-state visual evoked potentials
(SSVEP) demonstrated variable accuracy and information transfer rates, with interest in
applications for advanced ALS and locked-in states [14,24–26]. Invasive approaches using
ECoG arrays [27,28] and BCIs (including neuroprosthesis) [29–36] enabled communication
in total locked-in syndrome, achieving functional typing rates. Still, cost, selection, training
and day-to-day applicability are highlighted as disadvantages of this method [14,30,31,37].
Hybrid and multimodal systems combining these modalities sought to improve robustness
and user experience [26,38]. Augmented reality was reported in one study [39].

3.1.2. Access Regarding ALS Stage and Phenotype

The distribution of technologies aligned closely with ALS disease stage and phenotype.
Early-stage ALS patients primarily utilised switches, devices, eye-tracking, EMG, and other
low- to high-tech AAC systems to support communication and daily activities [15,18,40–42].
As the disease progressed, particularly in advanced ALS and ventilated patients, EEG-
based BCIs and invasive ECoG interfaces became more prominent due to the decline of
conventional motor control [14,24,27,28]. Studies that included participants with locked-
in syndrome (LIS) or total LIS (TLIS) emphasised the critical role of high-tech BCIs and
tailored communication systems in maintaining interaction capabilities.

3.1.3. Outcome Categories and Metric Standardisation

Reported outcome metrics varied substantially, reflecting the diverse modalities
and study designs. Commonly reported measures included accuracy (% correct selec-
tions) [19,22,30,32,33,43,44], spelling rate (characters per minute) [45], words per minute
(WPM) [28], selections per minute [43], and information transfer rate (ITR, bits per minute).
Caregiver burden and real-world usage time were also evaluated [33]. One study [46] eval-
uated the use of AAC in clinical settings, including its potential effects on decision-making.
ITR measure of communication efficiency is commonly used in BCI studies and depends
on accuracy, number of choices, and selection time and is not directly comparable across
different paradigms [14,18–20,26,27]. EEG P300-based BCI systems often employ SWLDA
(stepwise linear discriminant analysis) to classify target vs. non-target stimuli, optimising
signal selection and improving spelling accuracy [24,25,47]. One study [20] used dynamic
time warping (DTW) (a measure of similarity between two time-dependent sequences) and
dynamic path wrapping (DPW) (a programming method similar to DTW, for path align-
ment of comparison in time-series data), which are algorithms used to align and preprocess
time-varying signals such as eye movement or muscle activity before classification. A sup-
port vector machine (SVM) can then be applied as a classifier to interpret these processed
signals into user commands. Finally, several studies have assessed how individuals interact
with their environment through the use of AAC systems [18,19,23,26,39].

Because these metrics are task- and modality-specific, direct quantitative comparisons
across access technologies are challenging to make and should be interpreted with caution.
Instead, performance outcomes are contextualised within each access modality and disease
stage, thereby better representing their practical utility.
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Table 1. Summary of state-of-the-art research studies on assistive technologies for PALS, including
author, publication year, AAC modality, participant count and results.

Author Year Participants AAC Modality Application Results

Horis, J.
et al. [45] 2006 5 PALS EOG and VEB Selection

Threshold-based, 78-Letters: 87.2%,
8.7 letters/min vs. 12-Letters: 94.1%,
8.9 letters/min

Nijboer, F.
et al. [25] 2008 6 PALS EEG (P300) Communication &

Selection
SWLDA, 78% accuracy–online,
ITR 9.7 bits/min

Mugler, EM.
et al. [47] 2010 10 Healthy

3 PALS EEG (P300) Internet/ Browser
access

SWLDA, 73% accuracy–online,
ITR 8.67 bits/min

Bloch, S. [15] 2011 4 AAC
Records Text-to-Speech Analysis of AAC

conversation

Difficulties can arise from topic shifts,
from understanding the intended action
of an AAC word in progress, and from
recognising the possible endpoint of an
utterance in a natural conversation
between a person using an AAC system
and an oral speaker.

Morris AM.
et al. [46] 2013

3 PALS
2 PLS

7 CP or other

Multimodal:
Low to

High-Tech

AAC interaction
and use in the
clinical context

Highlight the key barriers and challenges
users face when communicating with a
healthcare provider: planning and
preparing for the appointment, time
barriers, inappropriate assumptions,
medical decision-making, perception,
and implementing the plan of care.

McCane, M.
et al. [14] 2014 25 PALS EEG (P300) Communication &

Selection

SWLDA–accuracy [12–92%]. PALS in LIS
stat are eligible to use a visual
P300-based BCI for communication. In
case of a visual impairment, auditory
P300-based BCIs might be effective.

Spataro, R.
et al. [18] 2014 30 PALS

Eye-Track
Computer

System
Utilisation

Median daily utilisation: 300 min (IQR)
for communication, internet browsing,
social media, email and work.
Oculomotor impairment (dysfunction,
gaze fatigue, etc.) reached up to 23.3%,
limited function and access.

Caron J.
et al. [40] 2015 9 PALS

High-tech
Speech-

Generating
Device

Attitudes,
Perspectives and

Impressions

Providing multiple communication
options, including social media,
preserves contact and access to
communication partners and expands
support networks as ALS progresses.

Jarosiewicz B. et al.
[27] 2015 2 PALS

2 LIS ECoG
Computer

Access
and Control

Board layout selection (ABCDEF vs.
QWERTY) enhanced usability.
Retrospective auto-calibration produced
comparable accuracy to the standard
decoder (12 vs. 11.4 correct characters per
min). Good typing speeds persisted
through extended self-typing
trials (1–2+ h).
[96-channel microarrays over the hand
and arm knob area of the dominant
motor cortex]

Lancioni GE.
et al. [48] 2015

42 Health
and Care
Providers

4 PALS

Microswitches
Technology-Aided

Programme:
Leisure activities

Microswitches (light-pressure sensors)
are a valid resource for PALS when
properly trained, anatomic selection,
adjustment, and positioning are used. An
optic microswitch can be used with a
small lip/face response.
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Table 1. Cont.

Author Year Participants AAC Modality Application Results

McCane, M.
et al. [24] 2015 14 Healthy

14 PALS EEG (P300)

Access Speed and
Accuracy of

ERP-based BCI
Systems

P300 speller accuracy and speed did not
differ between visually capable PALS vs.
controls, but ERP morphology (P300,
N200, LN) did. Adding additional ERP
components and alternative
configurations may improve system
performance for ALS.

Pasqualotto E. et al.
[38] 2015 11 PALS

1 PMND

EEG (P300,
visual)

and Eye-Track

Usability
and Cognitive

Workload

Eye-track outperformed visual P300 EEG
in both ITR and usability (System
Usability Scale), while cognitive
workload was significantly higher for the
BCI. Future visual BCI designs should
incorporate eye–tracking–based control,
or a multimodal approach.

Rahnama M. et al.
[19] 2015 4 Healthy

1 PALS Eye-Track Access and
Control

A calibration-free eye-tracking system
might be feasible for PALS. The mean
error rate was 5.68%, which is acceptable.
Accuracy was lower than that of some
commercial systems but might
compensate for ocular access issues.

Wang, Y.
et al. [22] 2015 3 Healthy

1 PALS EMG Rehabilitation

Accuracy: facial expressions 98% vs.
finger movements 93.9% vs. hand and
arm movements 100%
Threshold-based

Geronimo A.
et al. [37] 2016 15 Healthy

25 PALS EEG (P300) Access and
Selection

Cognitive deficits lower the task-relevant
EEG signal-to-noise ratio and reduce BCI
accuracy; behavioural dysfunction
further impairs P300 performance. Age
influences paradigm suitability, with
older PALS performing better on P300
speller outcomes than on motor-imagery
tasks. Triage should include cognitive
and behavioural screening.

Chang, WD.
et al. [20] 2017 18 Healthy

3 PALS EOG Communication
DTW/DPW/SVM
Accuracy: Healthy [91–95%] vs. PALS
[81–85%]

Poletti B.
et al. [49] 2017 21 PALS Eye-Track

Assessment
of Cognitive

Abilities

Eye tracker–based cognitive testing
outperformed the Frontal Assessment
Battery8 and matched MoCA/WM in
diagnostic accuracy while maintaining
consistent usability. It enables a
comprehensive assessment of
ALS-specific cognitive domains and
overcomes the limitations of standard
paper-based tools in later stages of ALS.

Guy, V.
et al. [43] 2018 20 PALS EEG (P300) Communication &

Selection

PALS completed all spelling tasks and
were efficient, with 65% selecting more
than 95% of the correct symbols. The
number of correct symbols
selected/minute: [3.6 (without
prediction) vs. 5.04 (with)].

Kin DY.
et al. [21] 2018 10 Healthy

2 PALS (LIS) EOG Communication

Accuracy was 94% for healthy subjects
and PALS with 6s decision windows. In a
binary (yes/no) task, PALS scored 94% in
a 26–30 question.
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Table 1. Cont.

Author Year Participants AAC Modality Application Results

Milekovic T. et al.
[28] 2018 1 PALS

1 LIS ECoG
Restore

Communication in
LIS state

Participants performed functional tasks
(typing messages, using text-to-speech,
and sending emails) at spelling rates of
3.07–6.88 correct characters per minute.
[6-channel intracortical multielectrode
array implanted in the dominant
precentral gyrus arm area].

Nuyujukian P. et al.
[50] 2018 2 PALS

1 SPI (C4) ECoG

Multielectrode
arrays (hand ar ea:
Dominant motor

cortex)

A point-and-click Bluetooth mouse
enabled participants to browse, email,
chat, play music apps, and send texts;
two users used the BCI to chat with each
other live.

Dash, D.
et al. [32] 2020 7 Healthy

3 PALS MEG Decoding

Performance for PALS is lower than for
healthy subjects but still significantly
above chance level. PALS scored 94% on
a 26–30 binary (yes/no) question task.

Geronimo A.
et al. [33] 2020 15 PMND

15 Caregivers EEG (P300)
TeleBCI to

operate a virtual
keyboard

Setup and spelling times improved
between sessions; 7 PMND reached
proficiency and used the advanced
notepad speller to communicate. High
performers increased P300 spelling
accuracy by 2.6% per session. PMND
reported the EEG demanded more time,
space, and stamina than expected.

Peters B.
et al. [26] 2020 2 PALS EEG (SSVEP) &

Eye-Tracking

Multimodal/
Combinatory

controls

SSVEP BCI outperformed eye-tracking
for shuffle-spell typing in advanced (LIS)
PALS. Fatigue and performance drop-off
can occur.

Rocha, LAA.
et al. [51] 2020 10 Healthy

4 PALS EMG & EOG Communication &
Selection

Selection times: healthy–300 ms (EMG),
550 ms (EOG), 450 ms (acceleration),
175 ms (ON/OFF sensors) vs.
PALS–600 ms/280 ms (after 30 days)

Tonin A.
et al. [44] 2020 4 PALS (LIS) EOG (auditory) Communication

and Interaction

A binary-based auditory speller enabled
sentence-level communication in PALS
with minimal eye movement
(±200 µV to ± 40 µV). One PALS
maintained use for over a year, while the
capability for eye-tracking movement
declined.

Bona S.
et al. [39] 2021 12 PALS

Augmented
Reality with
Integrated
Eye-track

Environment
Control

PALS showed improved system
engagement and self-management, with
gains in competence, adaptability, and
self-esteem—indicating a positive
psychosocial impact of the assistive
device. Ocular symptoms in some
patients may affect performance.

Manero AC.
et al. [23] 2022 4 PALS EMG Mobility Device

Control

Wheelchair Skills Test with progressive
improvement and time to
complete/drive: 75% improvement in
mobility/ conduction. Threshold-based
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Table 1. Cont.

Author Year Participants AAC Modality Application Results

Peters B.
et al. [42] 2023 222 PALS

Low-tech
(unaided

communication)
vs.

High-tech (aid
AAC)

Assessment of
utility and
usability

Higher score in CPIB in the high-tech
group (mean increase: 4.75). PALS with
anarthria (ALSFRS-R speech rating = 0)
reported better participation under the
all-methods condition than those who
used residual speech in combination with
non-speech methods.

Bettencourt. R.
et al. [30] 2024 5 Healthy

1 PALS (LIS) EEG (P300) Communication &
Selection

10-month follow-up, 90% online accuracy
in one session vs. subsequent sessions
average accuracy [56.4 ± 15.2%]

Cave, R. [52] 2024 6 PALS ASR Communication &
Interactions

12-month follow-up. PALS reported
lower-than-expected ASR accuracy when
used in conversation and felt ASR
captioning was only helpful in specific
contexts. Future improvements might
increase day-to-day usability.

Legend: AAC—augmentative and alternative communication, ALSFRS-R—Revised ALS Functional Rat-
ing Scale, ASR—automated speech recognition, BCI—brain computer interface, CP—cerebral palsy,
DPW—dynamic path wrapping, CPIB—General Short Form of the Communicative Participation
Item Bank, DTW—dynamic time warping, ECoG—electrocorticographic, EEG—electroencephalography,
EMG—electromyography, EOG—electrooculogram, ERP—Event-Related Potentials, IQR—interquartile range,
ITR—information transfer rate, MEG—Magnetoencephalography, PALS—People with amyotrophic lateral sclero-
sis, PLS—primary lateral sclerosis, PMND—People with motoneuron disease, SSVEP—steady state visual evoked
potential, SWLDA—stepwise linear discriminant analysis, SVM—support vector machine.

Table 2. Research single-case studies on intracortical implants (invasive brain–computer interface),
for PALS.

Author Year Participants AAC Modality Local Results

Luo S.
et al. [53] 2023 1 PALS ECoG

Two 8 × 8 implants
(motor and

somatosensory areas)

Commands were reliably detected
as the PALS navigated a
communication board and
controlled devices (room lights,
streaming TV). Stable decoders
with few (re)calibrations are
required for home use. [arrays over
the upper extremity and speech
functions]

Willet FR.
et al. [35] 2023 1 PALS ECoG

Two 8 × 8 Microarrays
(area 6v), two 8 × 8

(area 44)

ALS reached 62 words per minute,
markedly higher than other
systems in use. Accuracy was
lower, 9.1% word error rate on a
50-word vocabulary vs. 23.8% for
125,000-words. [3.2 mm arrays]

Angrick M.
et al. [29] 2024 1 PALS ECoG

Two 8× 8
Electrode Arrays

(Sensorimotor Areas)

An RNN-based pipeline identified,
decoded, and synthesised speech
from ciBCI signals recorded from
motor, premotor, and
somatosensory areas, achieving
80% word intelligibility by human
listeners. Training used an initial
learning rate of 0.001. [arrays over
face, tongue, and upper limb
regions representations]
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Table 2. Cont.

Author Year Participants AAC Modality Local Results

Candrea DN.
et al. [31] 2024 1 PALS ECoG

Two 8 × 8 Subdural
Grids (Sensoriomotor

Cortex)

Median spelling rate of
10.2 characters per minute. Low
subjective workload was assessed
by NAS-TLX scores (mental
demand, physical, temporal and
performance). [36.6 mm × 33.1 mm,
over representations for speech and
upper extremity movements in the
left hemisphere]

Card, N.
et al. [34] 2024 1 PALS ECoG

4 Microelectrode
Arrays (left ventral
precentral gyrus)

Decode and attempt to speak with
an accuracy of 99.6% (50 words
vocabulary) vs. after training, 97.5%
(125,000 words, rate of
approximately 32 words per min,
with the use of text-to-speech
software and pre-recorded voice)
[3.2 × 3.2 mm in size and electrode
depth 1.5 mm]

Wyse-Sookoo
et al. [36] 2024 1 PALS ECoG

Two 64-channel
grids (ventral

sensorimotor cortex)

After an initial increase in signal
strength during the first 5 months,
high gamma responses remained
stable for at least 12 months
[36.66 mm × 33.1 mm,
8 × 8 configuration].

Legend: AAC—augmentative and alternative communication, EEG—electroencephalography, ciBCI—chronically
implanted BCI, ECoG—electrocorticographic, PALS—Person with amyotrophic lateral.

4. Discussion
Human communication primarily relies on speech, a capability that is severely com-

promised in PALS, presenting a significant barrier to their social interactions. In this
context, AAC stands out as an essential technological breakthrough. Ranging from simple,
low-tech solutions to advanced, high-tech tools, AAC empowers individuals to engage
meaningfully and participate more fully in society and daily living activities [7,13]. The
success of AAC is rooted in a comprehensive, personalised assessment that addresses
each person’s unique challenges and potential within their specific life circumstances and
personal characteristics [7,10,12,13]. The analysed literature shows strong consensus on the
importance of utilising AAC, particularly highlighting the roles of BCIs as a potential tech-
nology [30,35,37,43] and of eye trackers [18,20,41,45,49] as a more versatile and accessible
tool throughout the course of ALS. The studies included in this review demonstrated that
AAC technologies, ranging from low-tech to invasive BCIs, provide critical communication
support across different stages of ALS, with the choice of modality often determined by
motor function and disease progression. Performance metrics indicate that non-invasive
systems are generally effective from early to advanced-stage ALS [18,49,51,54,55], while
brain computer interfaces may be necessary to maintain communication in LIS/TLIS pa-
tients [27,30,31,33,37,43]. In this matter, Consistent with earlier reviews, we observed that
EEG-based BCIs yield variable accuracy and workload, highlighting the need for indi-
vidualised device selection [14,21,24,25]. Invasive EEG seems promising [29,31,34,52], but
further investigation is needed. This review may also highlight a lack of studies addressing
more accessible, day-to-day technologies, ranging from indirect to direct communication
strategies, different switches, and adaptations required throughout the ALS journey, in-
cluding software and apps, laser and gaze/ocular access, AI, virtual reality, avatars, agents,
voice-bank donation or archiving, and others that reflect practical experience. Many of
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these resources are routinely used as essential tools in clinical rehabilitation and palliative
care, forming part of the options that can further support communication for PALS.

Studies have shown that early implementation of AAC systems can significantly en-
hance PALS’ participation in daily activities and improve interactions with communication
partners [28,39,42]. Strategies and interventions that effectively utilise technological re-
sources can strengthen the remaining communicative abilities of these individuals, promote
social inclusion, and contribute to the development of a more inclusive society [11,40,55].
For individualised AAC care plans to be implemented effectively, they must be supported
by continuous training and be easy to use and affordable. These factors are essential
because many healthcare professionals are not fully confident in applying AAC solutions.
A lack of training and usability can compromise communication, lead to unmet expecta-
tions, and increase frustration and misunderstandings among people with ALS and their
communication partners, including healthcare providers [12,46,56].

High-tech AAC systems allow for complex, caregiver-independent communication
with minimal or no head or limb movement, such as eye-tracking computer systems [41] or
a click-to-activate activation surface (like buttons, switches, microswitches, etc., with tactile
and auditory feedback and 10 to 75 g of force to activate) [48]. Eye-tracking technology
is widely used because it allows PALS to operate speech-generating devices through eye
movements [9,18], often one of the last muscle functions to decline [1,3,57]. However,
its effectiveness can be reduced by factors such as fatigue, ocular sensitivity changes, or
eyelid ptosis, in addition to visual impairments and environmental conditions, making it
unreliable in specific contexts [12,39,54,57]. Furthermore, it requires appropriate positioning
of the individual relative to the device, and communication is generally slower compared to
spontaneous speech. Training is not implicit at first contact but represents an essential part
of the adaptation process. In view of these challenges, there is growing interest in novel
AAC methods. EMG is reemerging as a promising tool because it measures muscle electrical
activity and records it noninvasively using surface EMG (sEMG), which is relevant for PALS,
as many retain control over upper facial muscles, such as those involved in eye and eyebrow
movements or periorbital contractions [22]. EMG has garnered attention for its potential in
rehabilitation and for environmental and functional activities, such as operating a power
wheelchair [23]. However, its application in AAC systems remains underexplored, though
some studies and commercial solutions show promise [22,51]. Hybrid or personalised
approaches that can adapt to various daily scenarios may serve as effective communication
strategies [10,39,40,42]. Furthermore, EMG, combined with generative artificial intelligence,
facilitated rapid, low-effort interactions through calibration [22,51]. However, most of
these innovations have been primarily tested on healthy individuals, indicating a need
for further research in relevant contexts for PALS. EOG has been explored as an AAC
method that allows users to communicate through eye movements or blinks, such as
selecting letters or navigating a virtual keyboard [45]. EOG-based systems can achieve
high accuracy, often exceeding 80%, with typing speeds ranging from 6.4 to 11 letters per
minute, sometimes outperforming EEG-based systems [20,21,44]. Advantages of EOG
include minimal sensitivity to changes in lighting, portability, low cost, and reduced
complexity [45]. Additionally, EOG can detect eye motion even when the eyes are closed.
However, it is usually less effective than camera-based eye tracking due to lower spatial
accuracy [44,54]. As a result, it is better suited for analysing relative eye movements (such
as left or right gaze) rather than determining the exact point a person is looking at.

More severe states, such as LIS (partial to total), can particularly benefit from AAC
technologies, including BCI and eye tracking, as these can significantly improve their
QoL [18,28,30,44,58]. EEG, especially P300-evoked potentials, is the most common non-
invasive BCI solution in this field [24,25,30,33,38,43,47]. Invasive chronic implants are
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a possible solution to this state [5,29,31,34,35,53,59], but further studies are needed, and
careful ethical considerations are required [59]. Other factors should also be accounted
for, such as durability, accuracy, safety, privacy, potential burden imposed on caregivers,
and usability in home and day-to-day scenarios. As well, the increasing accessibility and
continuous advancements in technologies, such as virtual reality (VR) goggles [27,60],
portable eye trackers, and head-mounted displays, have led to an uptick in their use and
may promote the exploration of novel communication solutions. While VR offers promising
applications in this context, careful attention must be paid to affordability and to interface
design tailored specifically for this population. A user-centred design approach is critical
for developing functional, widely accepted communication technologies that account for
factors such as positioning, fatigue, ventilation requirements, and musculoskeletal defor-
mities resulting from amyotrophy. Furthermore, the design of high-technology systems
for individuals with LIS must integrate technological and environmental considerations
across home, healthcare, and other settings, as these elements profoundly influence patient
well-being and the effectiveness of communication interfaces [61]. Thus, a comprehensive
understanding of how these technologies facilitate emotional expression and interaction
with caregivers and support networks is essential [61,62].

Regarding speech production, in words per minute (WPM), eye gaze fixation typi-
cally ranges from 10 to 20 WPM [63]. This is significantly lower than natural speech at
approximately 150 WPM and standard keyboard typing at around 40 WPM [63]. Factors
such as calibration, positioning, lighting, fatigue, and ocular health can further compromise
WPM and accuracy [18,19,38]. The primary biosignal-based access methods include EEG,
EOG, and EMG [20–22,24,30,45]. These methods may provide long-term solutions when
traditional systems that depend on eye-gaze or on adaptive switches become ineffective.
Among these, the P300 event-related potential, characterised by a positive deflection in EEG
around 300 ms post-stimulus, is the most commonly used [24,25,33,43,44]. Research indi-
cates that while many users achieve high accuracy with the P300 speller, others experience
variable accuracy and fatigue, resulting in communication rates of only 1.5 to 4.1 selections
per minute [14,24,43]. Furthermore, mastering BCI technology is more complex than using
non-BCI AAC systems, as it requires users to learn to control their brain activity [54,64],
properly apply electrodes, and maintain user comfort, focus, and awareness. Healthcare
professionals also need specialised training.

Nevertheless, alongside the use of high-tech communication resources, it is essential
to provide low-tech strategies (Figure 2). These complementary resources enable a practical
and more immediate communication in situations where the use of electronic devices is
unfeasible or unavailable at a given time, with problems related to equipment itself (e.g.,
technological failure, batteries, breakdowns, etc.), clinical progression of the PALS, that can
compromise high-tech usability (calibration, synchronisation, activation, errors, etc.) or that
can significant reduce PALS tolerability and time of use of the AAC systems [11,19,28,53].

This review has several limitations that should be considered when interpreting the
findings. Regarding BCIs, many of the included studies rely on low-sample designs or
case studies, particularly in invasive EEG, and there is substantial heterogeneity in task
design and behavioural paradigms. Despite methodological strengths in most studies,
limitations such as inconsistent outcome measures were noted. Variations in tasks—such as
motor imagery and speech decoding—affect decoding accuracy, cognitive load, and system
reliability, underscoring the need for standardised protocols and performance metrics. The
studies also present a wide range of AAC solutions that may not be representative of the
systems used daily by PALS in different functional states. This limits generalisability, as
the samples do not reflect individuals with varying levels of disease severity, literacy, or
degrees of social and digital participation and engagement. Participant attrition, while
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common in degenerative conditions, introduces potential bias, and self-reported data can
lead to recall bias, affecting the verification of usage frequency criteria. Finally, the AAC
solutions described in the analysed studies may not accurately reflect what is actually
available and used in everyday life. This is because studies often overlook practical,
commonly used solutions, such as environmental controllers (via Bluetooth or infrared),
speech generators, direct-access software, apps, pointers/lasers, adapted mice, and various
eye-trackers. Many of these technologies are already widely accepted by rehabilitation
teams and the PALS community, which results in few formal studies or reports on their
daily use, even though they are frequently prescribed. Additionally, while commercial AAC
solutions may be available or under development, they are often not classified as health or
rehabilitation products but are instead categorised for commercial use and licensing. To
improve comparability and applicability, future research should employ broader sampling
methods, standardised reporting protocols, and longitudinal designs, with particular
attention to the different functional phenotypes of ALS and its diverse trajectories.

 

Figure 2. Assessing the Communication Needs of People with ALS.

5. Conclusions
Recent research reveals a growing focus on assistive communication technologies,

especially BCIs and eye-tracking systems, since 2006. However, there are significant gaps in
their real-world application for PALS. To enhance participatory inclusion and engagement,
it is crucial to personalise care, adapt communication methods, and integrate technology,
including direct and indirect access to high-tech AAC, low-tech devices, software, apps, and
new technologies, to explore the best options for each PALS fully. Additionally, research
must consider the impact of these technologies on caregivers and healthcare providers, as
well as on training, burden, and access. While assistive technologies are vital for fostering
communicative autonomy, dignity and adapted QoL, further investigation is needed to
bridge implementation gaps and create more accessible, on-time, and effective interventions
for users and caregivers alike.
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AAC Augmentative Alternative Communication
ALS Amyotrophic lateral sclerosis
BCI Brain Computer Interface
DPQ Dynamic path wrapping
DTW Dynamic time warping
EEG Electroencephalography
ECoG Electrocorticographic
EMG Electromyography
EOG Electrooculogram
PALS People with amyotrophic lateral sclerosis
QoL Quality of Life
SWLDA Stepwise linear discriminant analysis
SVM Support Vector Machine
TLIS/LIS Total locked-in syndrome/locked-in syndrome
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