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Background and aim: Advances in computing technology enabled researchers
and clinicians to exploit technological devices for cognitive training and
rehabilitation interventions. This expert review aims to describe the available
software and device used for cognitive training or rehabilitation interventions of
patients with neurological disorders.

Methods: A scoping review was carried out to analyze commercial devices/
software for computerized cognitive training (CCT) in terms of feasibility and
efficacy in both clinical and home settings. Several cognitive domains responding
to the different patients’ needs are covered.

Results: This review showed that cognitive training for patients with neurological
diseases is largely covered by several devices that are widely used and validated in
the hospital setting but with few translations to remote/home applications. It has
been demonstrated that technology and software-based devices are potential
and valuable tools to administer remotely cognitive rehabilitation with accessible
costs.

Conclusion: According to our results, CCT entails the possibility to continue
cognitive training also in different settings, such as home, which is a significant
breakthrough for the improvement of community care. Other possible areas of
use should be the increase in the amount of cognitive therapy in the free time
during the hospital stay.
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rehabilitation software, telerehabilitation, cognitive rehabilitation, computer-based,
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- Devices and software for cognitive rehabilitation are a feasible solution with increasing
attention also thanks to the distancing of the COVID-19 pandemic.
- With these devices, different cognitive domains can be trained in the hospital or at home.

- These devices and software can guarantee continuity of care between hospital and home

even though the same user interfaces.

- Itis necessary to overcome problems of various kinds that limit the spread of these devices:

geographical and socio-economic barriers.

1. Introduction

In recent years, the aging of population in the industrialized
countries increased the demand for care services, including
neurorehabilitation (1, 2). Then, the overload of healthcare systems
and the difficulties in organizing services have required the
implementation of new methodologies for rehabilitation (2).
COVID-19 has affected rehabilitation processes, especially in
neurological patients, harming the quality of life of both patients
and their families. To face this unexpected pandemic, new
innovative models of rehabilitation service have emerged. At the
same time, it led to the increase of non-hospital services to
guarantee the continuity of care, thanks to technological
innovations (3). Moreover, rapid advances in computing
technology have enabled researchers to carry out cognitive training
and rehabilitation interventions with the assistance of
technology (4).

Cognitive rehabilitation (CR) aims to improve residual
neuropsychological capacities through specific strategies based on
cognitive models. In particular, the innovative techniques mediated
by personal computers (PC) use multimedia and computer
resources, through hardware and software systems, to implement
cognitive functioning, including attention, memory, problem-
solving, language, and executive functions (5-8). Computerized
methods are based on repeated training of specific cognitive
domains, through the execution of tasks involving specific skills.
Most of the tools use audio-video feedback as a motivational
stimulus. Furthermore, these tools allow modifying the type,
duration, and difficulty of the tasks to adapt the intervention to the
individual abilities. The exercises are grouped according to the
cognitive domain stimulated and adapt to the patient’s abilities to
avoid frustration due to too complex or too simple tasks (5). These
devices could offer some therapeutic possibilities for the CR of
various neurological diseases (4-8). It has been shown that
innovative tools, such as PC-based treatments, could facilitate
patient management in the rehabilitation process, allowing
continuity of care at home through the telerehabilitation mode
(9-13). The tools could support restorative training on cognitive
functions thanks to the simulation of different cognitive domains,
with positive repercussions on the patient’s motivation (4-8).
Various authors have also shown that telerehabilitation can improve
various cognitive domains, with results comparable to those of
conventional face-to-face rehabilitation (3, 10). Despite the many
advantages of PC-based approaches, these devices have also some
limitations such as: (a) visual interface limiting their use; (b) access
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prerequisites (i.e., computer skills); (c) lack of acceptability due to
photosensitivity problems; (d) acceptability of devices; (e) reliability
(some systems have been validated for the clinic but not remotely,
or not validated on some types of the population); (f) availability
(some systems are too expensive for a patient to maintain or
purchase). However, there are neither clear indications nor
warnings for the use of these tools, as rigorous comparisons of
technical devices in different neurological populations have never
been performed.

In this review, we sought to provide an overall picture of the
devices on the market that can be used for CR. Furthermore, a
secondary aim is to report on the strengths and weaknesses of the
devices employed in inpatient or remote/home settings for continuing
the rehabilitation process.

2. Search strategy

This scoping review was conducted by searching peer-reviewed
articles published between 01 June 2010 and 31 December 2022
using the following databases: PubMed, Embase, Cochrane
Database, and Web of Science. The aim of the search strategy was
twofold: (1) to track progress in the use of software and device-based
technology in terms of technological content, human-machine
interaction, and cognitive domain training, and (2) to check
neurological populations in which the devices and software for
cognitive neurorehabilitation are used. To this end, a comprehensive
search was carried out using the search terms: (“Cognitive
Rehabilitation” OR “Computer-based” OR “Telerehabilitation”)
AND (“Stroke” OR “Traumatic Brain Injury” OR “Dementia” OR
Multiple Sclerosis” OR “Parkinson” OR “Rehabilitation”). After the
removal of the duplicates, all articles were evaluated based on the
titles and abstracts. The inclusion criteria were: (i) patients with
neurological disease; (ii) a computerized approach applied to
cognitive rehabilitation; (iii) English language; and (v) published in
a peer-reviewed journal. We excluded articles that described
theoretical models, methodological approaches, algorithms, basic
technical descriptions, and validation of experimental devices
providing no clear translation to clinical practice. Furthermore,
we excluded: (i) animal studies; (ii) conference proceedings, or
reviews; (iii) studies focusing only on other innovative approaches
(such as virtual reality, exergaming, or serious games), (iv) cognitive
(i.e., the
developmental stage or the elderly), (v) study concerning the

remediation relating to physiological condition

mobile-app device, which is too far from the traditional CR program.
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FIGURE 1
Schematic representation of the clinical use of the different cognitive devices and software. The figure illustrates the different devices and cognitive
functions trained in the different pathologies and in which setting they were used (home or in hospital). The figure reflects the fields of application as
evident from the literature selected in this review.

The list of articles was then refined based on relevance and
summarized according to the inclusion/exclusion criteria.
Furthermore, to ensure a greater homogeneity in the results, after the
removal of duplicates, the articles were evaluated on the basis of the
titles and abstracts by two independent researchers (DDB and MGM).
These researchers read the full text of articles suitable for the study and
performed the data collection to reduce the risk of bias (i.e., language
bias; publication bias; time-lag bias). In case of disagreement on the
inclusion and exclusion criteria, the final decision was made by two
senior investigators (RSC and GM).

Data extraction was performed on 190 articles. Data were
considered for the following information: year and type of
publication (e.g., clinical studies, pilot study), characteristics of the
participants involved in the study, and purpose of the study
(Figure 1). After a thorough review of the complete manuscripts, 34
studies articles met the exclusion/exclusion criteria (Table 1).
We reported as a primary outcome the one identified by the
researchers, for each study, as between-group (in RCT design) or
within-subjects difference (for studies with only one group) on the
first-level test, and secondary outcome as differences within groups
(for RCT) or on second-level tests (for single-group studies). For
every study, we selected only significant results adjusted for
multiple comparisons.
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3. Results

Although our research in PubMed, Embase, Cochrane
Database, and Web of Science has found many technological
devices used in CR, only the 10 most cited devices were selected.
The information obtained from the selection of studies was
organized in two tables. Table 1 reports the list of devices and their
main characteristics, as well as the studies and clinical populations
on which they were tested. Table 2, indeed, shows what type of
study was carried out, how the device was used, and what the results
are in terms of treatment efficacy. Most of the selected devices (6
out 11) are supplied in software mode. Then, they can be used by
purchasing a stand-alone license, which has a limited duration to
the subscription chosen on the manufacturer’s website. Of these,
only CogMED (14-19) provides a special license for its usage and
a specific training for the online tutor. Three devices (Lumosity,
Brain HQ, Brain Gymmer) are either available as PC software or can
be installed as an app on tablet/phone devices. Finally, only one
represents a telerehabilitation platform (NeuroPersonalTrainer)
that allows patients to carry out Hospital and home rehabilitation.
In most studies included in Table 2, these devices were tested to
evaluate their effectiveness compared to conventional rehabilitation.
This review reveals that cognitive training for patients with
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TABLE 1 List of devices and their main characteristics, main studies, and clinical populations on which they have been tested.

Device

Device description

License

Type of feedback

Adaptive
training
approach

Studies

Neurologic
population

Cognitive
domains

levels/types of training based on individual needs.

adjusted to matched

demographics

Hsu (2016) (26)

CogMED QM training, Pearson The CogMed is a computer-based solutions software | Professionals use only. Coach online Available Akerlund et al. (2013) ABI Working Memory
Company, Stockholm, Sweden, for cognitive training of attention problems caused Available on (14)
2011 (www.cogmed.com) by poor working memory (WM). subscription Johansson & Tornmalm | ABI Working Memory,
Type: Software Use of Cogmed requiringes a computer and/or tablet (2012) (15) Activity of Daily
with speakers, stable broadband internet connection Living (ADL)
of 0.5 Mbit/s or higher, Adobe Flash plugin version ) )
Lundgyist et al. (2010) ABI Spatial and Verbal
10.0 or later, and minimal hard drive space to store .
(16) Working Memory
results. It is programmed for Mac, PC, and Android
devices, but. It is most commonly run online Svaerke et al. (2022) ABI Working Memory
through the Cogmed website where users are an
provided a unique ID and password. Blair et al. (2021) (18) MS Spatial and Verbal
Working Memory
Nyberg et al. (2018) (19) | Stroke Working Memory
Lumosity™ Brain Games Lumos LumosityTM is a commercially available CCT Full version available on | Real-time feedback on Available Withiel et al. (2019) (20) | Stroke Everyday Memory
Labs. Lumosity: Reclaim Your software providing brain games designed to improve = payment. Free- version errors; Lumosity Wentink et al. (2016) Stroke Working Memory;
Brain™. San Francisco, CA: Dakim, | cognitive processing speed, flexibility, attention, mode (with a smaller performance index at the 21 Attention, Fluency,
Inc.; 2010 (www.lumosity.com) memory, and problem-solving skills. Game number of exercises end of each exercises Quality of Life
Type: Web platform/software aj complexity increases and decreases systematicall chosen randomly)
P P PP plexity 4 Y ¥ Stuifbergen et al. (2018) = MS Memory, Attention,
based on an individual’s performance data. Multiple
(22) Problem Solving
forms of each game level are available to prevent task Skl
ills
learning with continued practice.
Zickefoose et al. (2013) TBI Attention
(23)
BrainHQ program, Posit Science BrainHQ is a software designed for brain stimulation | Full version available on Graphic and numeric Available Yeh et al. (2019) (24) Stroke Attention, Executive
Corporation, San Francisco CA, of: Attention, Brain Speed, Memory, People Skills, payment. Free- version feedback regarding Functions
2015 (www.brainhq.com) Intelligence, and Navigation. It is an adaptive mode (with a smaller patients’ performance Charvet et al. (2017) MS Attention
Type: Web platform/software app software, easy to use, and can be implemented on number of exercises within and across sessions (25) Information
home computers, tablets, and laptops. Based on chosen randomly) per game and category of processing, Learning
scientific research results, it allows choosing different cognitive function, |
O’Neil-Pirozzi & Henry | TBI Attention, Memory,

Executive Functions

(Continued)
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TABLE 1 (Continued)

Device description

License

Type of feedback

Adaptive
training
approach

Studies

Neurologic
population

Cognitive
domains

NeuroPersonalTrainer”®, GNPT® GNPT* allows the provision of individualized and Professionals use only. The program will then Available Gil-Pages et al. (2018) Stroke Multiple domains.
Guttmann Institute, Badalona, personalized treatments, improving the traditional No free trial available calculate a cognitive profile 27)
Spain, 2011. on-site rehabilitation processes. using these results, taking
Type: Tele-rehabilitation platform It is based on a testing and training approach, so into account the patient’s
after a first baseline the software select specific age and educational level.
training and store patients’ scores by organizing
them in a therapeutic index on which next exercises
will be adjusted.
ERICA, Giunti Psycometrics, Italy, Erica is software for customized cognitive Professionals use only. Not available De Luca et al. (2019) Parkinson’s Multiple domains
2013 (www.giuntipsy.it) rehabilitation involving 5 specific cognitive domains: | Three years license based automatically, (28) Disease (PD)
Type: Software attention process, memory abilities, spatial on subscription. therapist may De Luca et al. (2017) Stroke Multiple domains
cognition, verbal and nonverbal executive functions. adjust the (29)
The training is characterized by modularity, preferred . .
Barbarulo et al. (2018) MS Executive Functions.
flexibility, and uniformity of the administered exercises based 30)
program. on patients’
performance
CogniPlus, Schuhfried GmbH, CogniPlus software has various modules for the Professionals use only. Feedback is provided by Available Hagovskad et al. (2017) older adults with | Multiple domains
Vienna, Austria, 2008 (www. training of specific cognitive abilities. The content of | No free trial available. testing patient’s ability. (31) MCI
schuhfried.com) CogniPlus is closely linked to the Vienna Test This software combines a Zimmermann et al. Parkinson’s Executive Functions,
Type: Software System. This software combines treatment and testing and training (2014) (32) Disease (PD) Focused Attention.
evaluation exploiting the role of the therapeutic approach
assessment CogniPlus is an intelligent interactive
system that adapts to patients’ abilities by offering
exercises based on performance.
Attention Process Training (APT), APT is software for cognitive rehabilitation of Full version available on | Feedback is provided as Not reported Pantoni et al. (2017) MCI Attention, working
Lash & Associates Publishing/ attention abilities, based on structured exercises for payment. scores on each exercise at (33) memory
Training Inc., Youngsville, North training specific cognitive domains of attention. A The software is licensed the end of session. Walton et al. (2018) (34) | Parkinson’s Attention, ADL
Carolina, 2010 (https:// graphical interface allows the clinician to select for a period of one year. Disease (PD)
lapublishing.com). exercises and associated parameters in order to
Type: Software create customized exercise easily modifiable as the
patient progresses.
(Continued)
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TABLE 1 (Continued)

Device description

License

Type of feedback

Adaptive
training
approach

Studies

Neurologic
population

Cognitive
domains

CoTras, RPIO Co,, Ltd., CoTras is a training program involving visual Professionals use only. Feedback is provided at Available Park and Park (2015) Stroke Visual Perception
Geumcheon-gu, Seoul, 2010 (www. | perception, attention, memory, orientation, and No free trial available. the end of session with (35)
rpio.co.kr). others (categorization, sequencing). A joystick and a graphs and statistic report
Type: Software with specific large button on the CoTras panel make the training about patient’s
hardware for human-computer easy for patients who are unfamiliar with computer performance.
interaction use.
BrainGymmer, Dezzel Media, The BrainGymmer is an online brain training program Full version available on | Feedback is provided at Not reported Van de Ven et al. (2017) | Stroke Executive Functions
Netherlands, 2010 (www. that offers brain games, brain tests, and brain teasers. | payment. Free- version the end of session based on (36)
braingymmer.com) It has been developed and clinically tested by mode (with a smaller the Brain Fitness Index
Type: Web platform clinicians and academics. Individual performanceis | number of exercises (accuracy and reaction
further compared to people of the same age chosen randomly). speed of the performance)
RehaCom®, HASOMED GmbH, RehaCom is a cognitive rehabilitation program Professionals use only. Progress can be saved, but  Available Nousia et al. (2022) (37) | MCI Multiple Domains
Magdeburg, Germany, 1997. consists of 20 modules with several subsections that | No free trial available. no direct feedback is Naeeni Davarani et al. Multiple Attention, executive
www.rehacom.com are selected and used by the therapist according to provided at the end of (2022) (38) Sclerosis (MS) functions, working
Type: Software with specific tool for | the needs of the participant. The RehaCom hardware exercises. memory
human-computer interaction. has a special keyboard with large buttons, which o R
Amiri et al. (2021) (39) Stroke Working Memory,
limits the interference of motor and coordination .
Processing Speed
impairment and expertise in computer use. Online
monitoring is also available for the therapist to assess Messinis et al. (2020) MS Multiple Domains
the function of the participant. “0
Messinis et al. (2017) MS Multiple Domains
(41)
Campbell et al. (2016) MS Attention,
(42) Processing Speed
Bonavita et al. (2015) MS Attention
(43)
Darestani et al. (2020) MS Verbal performance
(44)
Veisi-Pirkoohi et al. Stroke ADL, attention
(2020) (45)
Fernandez et al. (2017) ABI Attention, memory
(46)
Cerasa et al. (2014) (47) PD Attention,
Information
Processing

(Continued)
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TABLE 1 (Continued)

GRADIOR (INTRAS Foundation,
Spain)
Type: Software

Device description

GRADIOR is multimedia software for cognitive
stimulation, neuropsychological assessment, and
rehabilitation. It consists of personalized exercises
that train various cognitive domains, such as
attention, memory, orientation, calculation,

perception, reasoning, and language.

License

Professionals use only.

Type of feedback

The evaluation profile
generated by the program
offers a description of

cognitive performance

Adaptive
training
approach

Not Reported

Studies

Neurologic
population

Cognitive
domains

Diaz Baquero et al. MCI and mild Executive

(2022) (8) Dementia functioning,
attention,
phonological verbal
fluency, cognitive
flexibility

Diaz Baquero et al. MCI and mild Executive

(2022) (48) Dementia functioning,
attention,
phonological verbal
fluency, cognitive
flexibility

Géngora Alonso et al. Severe and Psychosocial skills

(2020) (49) prolonged

mental illness

Vanova et al. (2018) (50)

MCI dementia

Cognition, mood,
quality of life,
activities of daily
living, quality of
patient-carer

relationship

ABI, Acquired Brain Injury; EG, Experimental group; CG, Control group; MCI, Mild Cognitive Impairments; MS, Multiple Sclerosis; PD, Parkinson’s Disease; TBI, Traumatic Brain Injury.
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neurological diseases is covered by several efficient devices that are
widely used and validated in the hospital setting, but with few
translations in remote applications.

3.1. CogMED

CogMed (QM Training, Pearson Company, Stockholm, Sweden,
2011) is a computer-based software system for training of attention
and working memory (WM). CogMed can be accessed via computer
and tablet with speakers, and it is mainly used online through the
Cogmed website. It has been shown that this device could have
positive effects on the rehabilitation of WM. Akerlund et al. carried
out a randomized study of 47 patients with acquired brain injury
(ABI) in the subacute phase. The authors demonstrated that the
device not only improved WM but also cognition and psychological
health (14), as well as activity of daily living, as reported also by
Johansson & Tornmalm (15). According to these results, Lundqvist
et al. (16) performed a cross-over design controlled experimental
study using CogMed software on 21 subjects with ABI. They observed
significant improvement in WM tasks, occupational performance,
performance satisfaction, and overall health rating (16). Svaerke et al.
found similar results in a randomized study of 72 patients (17).
Moreover, these findings could be generalized to the life context, as
suggested by Johansson et al. (15). Improvements have been observed
also in other neurological populations, including multiple sclerosis
(MS) (18). A study on older adults with Mild Cognitive Impairment
(MCI) showed an improvement in cognitive skills, especially in
information processing speed and WM, after specific home
interventions (51).

On the other hand, Nyberg et al. (19) conducted a study in 26
stroke patients trained with CogMed for 6 weeks. The authors found
changes in performance related to the trained computerized task, but
no microstructural changes in white matter between rest and training
condition (p=0.99).

3.2. Lumosity™

Lumosity™ (Brain Games Lumos Labs. Lumosity: Recover Your
Brain™. San Francisco, Calif.: Dakim, Inc.; 2010) is a CR software that
provides access to games to improve cognitive processing speed,
flexibility, attention, memory, and problem-solving skills. However,
the results of its effectiveness are conflicting.

Withiel et al. found a good usability of the device, especially for its
playful aspects, but without improvements in daily memory, in 20
stroke survivors (20). These results were confirmed by Wentink et al.
that carried out an experimental study on chronic stroke patients. The
authors showed no effect of training on cognitive functioning, QoL,
or self-efficacy regarding the control condition, except for minimal
effects on WM and speed (21).

Conversely, Stuifbergen et al. performed a study on 183 MS
patients, noting that the device is feasible with promising effects in
improving cognitive functioning (22). Furthermore, Zickefoose et al.
evaluated whether the treatment of severe traumatic brain injury
(TBI) survivors could be generalized to comparable, untrained tasks.
They found that participants made significant improvements but with
limited generalization (23). Finally, evidence is inconsistent regarding
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the effectiveness of this device on subjective or objective memory or
other cognitive components.

3.3. BrainHQ

BrainHQ (Posit Science Corporation, San Francisco CA, 2015) is
an online cognitive training system for cognitive exercises. Each user
can be monitored throughout the entire training, which is
automatically modified according to the skill level reached. BrainHQ
has multiple exercises for training different cognitive skills, including
attention, speed, memory, sociability, orientation, and intelligence.
The program appears to have good feasibility and effective
results in CR.

Yeh et al. performed a randomized controlled trial to evaluate the
efficacy of a combination of aerobic exercise and cognitive training
using BrainHQ on stroke survivors. The authors noticed that,
compared to the control group, the experimental group significantly
improved global cognitive functioning and memory scores after
training (24). These results were confirmed by Charvet et al. (25) in
patients with MS, demonstrating how home computer-based cognitive
training can improve cognitive functioning. Furthermore, they
observed that this telerehabilitation approach enabled good patient
compliance and rapid recruitment (25). Finally, an interesting pilot
study by O’Neil-Pirozzi et al. explored the feasibility and effects of
participating in a computerized cognitive fitness exercise program on
ABI adults with positive results (26).

3.4. Neuro PersonalTrainer®

Neuro PersonalTrainer®-MH (GNPT®, Guttmann Institute,
Badalona, Spain, 2011) is a module for neurocognitive rehabilitation
provided by a computerized tele-rehabilitation platform. It allows one
to carry out cognitive training in an intensive and personalized mode
(27). Gil-Pages et al. in their cross-over, randomized, controlled,
double-blind clinical study observed that chronic stroke patients with
cognitive impairment may benefit from cognitive training using this
innovative tool (27). On the contrary, Aparicio-Lopez et al., in a
randomized clinical trial of 28 stroke patients, found no statistically
significant differences when comparing patients using the
Neuropersonal-Trainer to those receiving traditional pc-based
rehabilitation (52).

3.5. ERICA

ERICA (Giunti Psychometrics, Italy, 2013) is a tool composed of
a series of computerized exercises for cognitive rehabilitation. These
exercises are dedicated to the rehabilitation of specific skills, such
as attention, spatial cognition, memory, verbal executive functions,
and non-verbal executive functions, and can be used in patients
with neuropsychological deficits resulting from brain injury,
developmental disorders, degenerative pathologies, and psychiatric
pathologies. The studies using this device mainly involve subjects
suffering from Parkinson’s disease (PD), and multiple sclerosis
(MS). DeLuca et al. (28) performed a randomized clinical study on
70 PD patients, noting significant improvement after CR in both
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groups. However, the group receiving the Erica training achieved
greater outcomes, especially in attention, orientation, and
visuospatial domains (28). The same research group observed
similar significant improvements in people with MS (29). The
positive effects of Erica on the emotional, motor, and cognitive
aspects in MS patients were also highlighted by Barburulo et al. in
a study of 63 MS patients (30).

3.6. CogniPlus

CogniPlus (Schuhfried GmbH, Vienna, Austria, 2008) is a tool
related to the Vienna Test System, which integrates the diagnosis,
treatment, and assessment of various cognitive functions, such as
attention, executive functions, memory, spatial processing, and
visuomotor abilities. Cogniplus has been shown to be effective in
CR. Hagovska et al. (31) performed a study to compare the
effectiveness of two types of cognitive training in 60 older adults with
MCI. The results showed that although both traditional and
experimental groups had an improvement, the Cogniplus group
reported better scores in quality of life and better attention (31).

Cogniplus is also effective in combination treatments. Westerhof-
Evers et al. (53) conducted a study to evaluate the effects of treatment
using Cogniplus combined with T-scEmo (a tool that affects emotions)
on social cognition and emotion regulation in 61 TBI patients. The
authors noticed that this combined approach may be effective in
rehabilitating impairments in social cognition (53). Another study by
Hagovska et al. (54) on 80 elderly participants with MCI showed that
Cogniplus can improve balance control, cognitive functions, gait
speed, and activities of daily living, when combined to motor
interventions (54).

In contrast to these studies, Zimmerman et al. (32) performed a
study on patients with Parkinsons disease (PD) using cognitive
training with Cogniplus and motor training with a movement game
in different groups. They found that specific computer training for
cognition is not superior to a motion-controlled computer game in
improving cognitive performance (32).

3.7. Attention process training

APT (Lash & Associates Publishing/Training Inc, Youngsville,
North Carolina, 2010) is a clinical program used for attention process
training in adolescents, adults, and older adults with ABIL It was
developed by Sohlberg & Mateer, and it is based on scientific evidence,
as it has demonstrated its effectiveness in the rehabilitation of patients
with cognitive disorders (55).

Pantoni et al. (33) carried out a single-blind randomized clinical
trial to evaluate the effects of CR in 46 patients with MCI, using the
Attention Process Training (APT) program. The authors found that
APT potentially enhances focused attention and WM and appears to
increase activity in brain circuits involved in cognition (33). APT
training also seems to be effective in other patient populations. Walton
etal. (34) carried out a randomized study of 65 PD patients to evaluate
whether targeted training could improve freezing and executive
dysfunction. The results highlighted that APT training can be an
effective method to improve processing speed and reduce daytime
sleepiness (34).
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3.8. Colras

The CoTras program (RPIO Co., Ltd., Geumcheon-gu, Seoul, 2010)
is a computer-based cognitive rehabilitation device. It consists of real-
life training content which is defined according to the environment in
Korea. It has several exercises that adapt to the patient’s cognitive
abilities, including difficulty, time, and speed of exercise execution.
Park and Park (35) carried out a study to investigate the effects of
CoTras on cognition in thirty acute stroke patients. The results showed
that the tool can stimulate the recovery of global cognitive function,
with regard to and visual perception (35).

3.9. BrainGymmer

BrainGymmer (Dezzel Media, The Netherlands, 2010) consists of
computer-based cognitive training exercises via a website. The training
tasks consist of games designed to be challenging and customized to
the characteristics of the user.

Van de Ven et al. (36) carried out a double-blind, randomized
controlled trial to investigate whether the computer-based training
improves executive functioning after stroke. The results showed that
patients submitted to Braingymmer training had the same
improvement in executive and general cognitive functioning as
control groups. This improvement was likely due to non-specific
training effects. Therefore, the Braingymmer program does not seem
to make significantly different improvements compared to
conventional methods. Nevertheless, other studies on larger samples
should be implemented to ascertain the effectiveness of this tool.

3.10. RehaCom®

RehaCom (HASOMED GmbH, Magdeburg, Germany, 1997) is a
software for computer-assisted cognitive rehabilitation useful in the
management of different cognitive disorders. The system supports
recovery and replacement processes, potentiating cognitive strategies
and offering targeted therapeutic solutions for rehabilitation.

Various studies have shown positive results of intervention using
Rehacom, even in telerehabilitation modality, to improve or stabilize
cognitive decline. Nousia et al. (37) carried out a study on 46 Greek
patients with MCI. The authors demonstrated the efficacy of Rehacom
on delayed and semantic memory, word recognition, and attentional
shifting. The results have been confirmed by other authors. Naeeni
Davarani et al. (38) investigated the effect of RehaCom on attention,
response control, processing speed, working memory, visuospatial
skills, and verbal/nonverbal executive functions in 60 MS patients.
They observed that RehaCom treatment improved all cognitive
functions, and this effect was maintained over time (i.e., at three-
month follow-up) (38). Moreover, Amir et al. (39) carried out a study
of 50 stroke survivors. They showed a significant improvement in
working memory and processing speed in the experimental group
compared to the control group after a 5-week training with the
software (39). These results were confirmed by Messinis et al. (40),
who carried out a randomized controlled study to examine the efficacy
of at-home intervention using RehaCom software in 36 patients with
secondary progressive MS. The authors found that the tool can
be effective in improving cognitive functioning and mood with
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TABLE 2 Performance results reported in the selected studies of this review.

Device

CogMED QM training,
Pearson Company,
Stockholm, 2011 Sweden,

(www.cogmed.com).

Studies

Akerlund et al.
(2013) (14)

Sample
characteristic

38 Acquired Brain
Injury (18 CG)

RCT

Training protocols

Both groups underwent integrated rehabilitation.
The experimental group also implemented the

computerized training program Cogmed

Treatment duration
location supervision
5-week training program (30-45 min,
5days).

In Hospital Supervision of a therapist

Outcome measures &
efficacy

BNIS (p, =0.044), Digit Span (p;, =0.045),
Digit Span reverse (p, =0.003)

Johansson &

18 chronic stage patients

Cross-over study

Customize training program

7-8weeks (20-25 sessions)

QM index (p,, =0.000), Cognitive Failures

Tornmalm (2012) | with ABI: traumatic with no CG 30-45 min in Hospital Questionnaire (p,, =0.018), Canadian
(15) brain injury (5), brain Group of 5-6 participants, under Occupational Performance Measure
tumor (6), stroke (7) supervision of a therapist (p,,=0.008)
(severe impairment)
Lundgvist et al. 21 chronic stage patients = Cross-over study | Remember the position of stimuli in a four-by-four 5weeks (25 sessions) PASAT (p,, <0.001), Listening Span
(2010) (16) with ABI: stroke (1), with no CG grid, reproduce stimuli order, remember sequences of | 45-60min (p., <0.001), Block Span forward
trauma (11), infection letters and digits forwards and/or backward. In Hospital (p,, =0.002), backward (p,, =0.001)
(5), tumor (2), Under a coach supervision
subarachnoidal
hemorrhage (2) (mild to
moderate neurologic
disorder).
Svaerke et al. 72 patients with ABI RCT Treatment was diversified into four different groups: 12-week intervention. Both CBCR programs improved working
(2022) (17) two groups trained with the “Cogmed” and “Brain + In Hospital memory when administered with support
Health” programs, respectively, and one group Supervision of a therapist from a health professional. The programs
completed active control training. All three groups have improved several subcomponents of
received ongoing support from a health professional. working memory.
The last group trained under the ‘Brain+ Health’
program but received no support
Blair et al. (2021) 22 chronic stage patients = Single blind RCT | Remember the position of stimuli in a four-by-four 5weeks (25 sessions) DKEEFS (p,, =0.02) Colour-Word

(18)

with MS (moderate
impairment)

(CG:11)

grid, reproduce stimuli order, remember sequences of
letters and digits forwards and/or backward. CG
patients received a TAU.

30-45min
At home

Coaching online

Interference test (p,, =0.016), Digit span
(b =0.00).

Nyberg et al.
(2018) (19)

22 chronic stage patients
with Stroke (mild

impairment)

Cross-over study

with no CG

“Grid” (visuospatial working memory); “Numbers”
(verbal and visuospatial working memory); “Cube”
(visuospatial working memory) and “Hidden

numbers” (verbal working memory)

5weeks (25 sessions)
40 min training
In Hospital

Individual feedback once a week

Performance improvement for WAIS
subtest Grid, Numbers, Cube, Hidden
numbers (p <0.001), no FA changes.

(Continued)
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TABLE 2 (Continued)

Device

Lumosity™ Brain Games
Lumos Labs.

Lumosity: Reclaim Your
Brain™. San Francisco, CA:
Dakim, Inc.; 2010.

(www.lumosity.com)

Studies

Sample
characteristic

Training protocols

Treatment duration
location supervision

Outcome measures &
efficacy

Withiel et al. 65 chronic stage patients | 3-group, single- Recall semantic information (names, conversations, 6 weeks (30 sessions) Goal Attainment Scores (p, =0.00), Verbal
(2019) (20) with Stroke (mild blind RCT birthday dates); prospective memory tasks. (two 120 min training WM (p;, <0.05) and Prospective memory
impairment). control groups, MSG group followed a TAU for At Home (py <0.01) for MSG group
memory skills (24), the WC group (19) did not any Weekly update with a therapist
add-on rehab activity)
Wentink et al. 107 stroke patients RCT The intervention consisted of a brain training 8-week (24 sessions) TMT-B, Time B, (p, =0.04) and flexibility
(2016) (21) (GC57) program (Lumosity Inc.”). The control group received =~ At home (TMT-A/TMT-B), Difference time A and
general information about the brain week Not specified time B, (p, <0 0.01)
Stuifbergen et al. 183 chronic stage RCT CCT followed the MAPSS-MS approach (Memory, 8 weeks (24 sessions) CVLT delayed (p, =0.012), PASAT 3"
(2018) (22) patients with MS (mild- Attention, Problem-Solving Skills in MS). CG 45 min training (p» =0.006), CESD (p, =0.006).
to-moderate patients, performed a generic computerized training At Home
impairment). Not specified
(CG90)
Zickefoose et al. 4 chronic stage patients | Repeated Five attention-oriented Lumosity games: 4weeks (16 sessions) Pre-post analysis of performance level

(2013) (23)

with TBI (severe

treatment design

Birdwatching, Monster Garden, Playing Koi, Rotation

30 min training

measured in Lumosity (p,, <0.001).

Francisco CA, 2015.

(www.brainhq.com)

(mild impairment)
(GC 15)

of tasks involving color and shape identification,
calculation, visuospatial object recognition. CG
received a modified program of aerobic motor

activity

impairment) (A-B-A-C-A). Matrix, and Top Chimp. In Hospital with the therapist.
BrainHQ program, Posit Yeh et al. (2019) 30 subacute stage Single-blind, Sequential training (motor aerobic exercises followed 12-18 weeks (36 sessions) MoCA (p, =0.030), Spatial Span
Science Corporation, San (24) patients with Stroke multisite RCT by CCT). Computerized cognitive exercises consisted = 30 min training (py=0.012), SMWT (p, =0.025).

In Hospital

Under the supervision of a therapist.

Charvet et al.

135 chronic stage

Double-blind,

Speed, Attention, Working Memory, and Executive

12 weeks (60 sessions).

Compliance rates (p, =0.0056), PASAT 2”

(2017) (25) patients with MS (mild with active- Functions (visual and auditory domains). CG patients =~ 60 min training (p» <0.05), DKEFS (p, <0.05).
impairment) placebo RCT followed a nonspecific training with Hoyle Puzzle and = At Home
(CG: 61) Board Games Remote control of compliance and
online supervision through
WorkTime Software.
O’Neil-Pirozzi & 14 chronic stage patients = Mixed methods Customize exercises program. CG patients receiveda | 20 weeks (98 sessions) Hopkins Verbal Learning Test-Revised
Henry Hsu with TBI (moderate-to- | design pilot general computerized training TAU 60min training (py =0.0068),
(2016) (26) severe impairment) study In Hospital TMT A-B (p, =0.0761)

(CG:7)

Under the supervision of a therapist
(with active feedback).

NeuroPersonalTrainer”™,
GNPT”, Guttmann Institute,
Badalona, Spain, 2011.

Gil-Pages et al.
(2018) (27)

40 chronic stage patients
with Stroke (mild

impairment)

Double-blind,
crossover RCT

with two arms.

Customize exercises program adjusted on NPE.

6 weeks (30 sessions)

60 min training

At Home

Under remote control of a therapist,

(ongoing study)

Study protocol.

(Continued)
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TABLE 2 (Continued)

Sample

characteristic

Training protocols

Treatment duration
location supervision

Outcome measures &
efficacy

ERICA De Luca et al. 60 chronic stage patients = RCT Customize exercises program. CG patients receiveda = 8 weeks (24 sessions) ACE-R (p, =0.026§), WEIGL Test
Giunti Psychometrics, Italy, (2019) (28) with PD (mild-to- TAU 60min training (p» =0.026§), Hamilton Rating Scale
2013. moderate) In Hospital. (p»=0.0318).
(www.giuntipsy.it) (CG:30) Under the supervision of a therapist.
De Luca et al. 35 subacute stage RCT Customize exercises program. CG patients received a 8 weeks (24 sessions) MMSE (p,, <0.01), Attentive Matrices
(2017) (29) patients with Stroke general computerized training TAU 45 min training (pw <0.021), Letter Verbal Fluency
(moderate impairment) In Hospital (p. <0.06), Categorial Verbal Fluency
(CG:15) Under the supervision of a therapist. (p., <0.03).
Barbarulo et al. 63 chronic stage patients = RCT Dual-task exercises, plus additional 24 weeks (48 sessions) Spatial Span (p,, <0.003), Forward/
(2018) (30) with MS (mild-to- exercises tailored to the single patient’s 60 min training Backward verbal span (p,, <0.032,
moderate impairment). neuropsychological In Hospital Pw<0.027), Phonological Fluency
(CG:32) impairments. CG patients received only motor TAU Not specified (p, <0.001), SRT-D (p,, <0.001§), WLG
(p, =0.002§), Tinetti scale (p, <0.001)
CogniPlus, Hagovska et al. 60 MCI patients: RCT Group A (n =30) underwent CogniPlus, a computer- = 8 weeks (24 sessions) QOL (p,, <0.001), attention (increased load
Schuhfried GmbH, Vienna, (2017) (31) (CG 30) based, cognitive training. Group B (n =30) Not specified score), (p,, <0.05), errors (p,, <0.001). No
Austria, 2008. underwent classical group-based cognitive training group difference.
(www.schuhfried.com) Zimmermann 39 chronic stage patients | RCT Tasks involved four modules: FOCUS, for focused 4weeks (12 sessions) Attentional Performance Test (p,, =0.024§),
etal. (2014) (32) with PD (moderate attention; NBACK, for working memory; PLAND, for = In Hospital TMT B/A (p,, =0.4318), Executive function
impairment) (CG:20) planning and action skills and HIBIT, for response Under the supervision of a therapist (p, =0.462§), WAIS Block Design Test
inhibition. (p, =0.0558), e California Verbal Learning
CG patients underwent a cognitive stimulation with Test (p, =0.093§).
Nintendo Wii
Attention Process Training Pantoni et al. 43 MCI patients RCT CG received the standard care and EG performed the | 40h (2-h weekly sessions for Rey Auditory-Verbal Learning Test
(APT), Lash & Associates (2017) (33) (CG22) attention training 20 weeks) immediate recall (change score 6 versus

Publishing/Training Inc.,

Youngsville, North Carolina,

2010.
(https://lapublishing.com).

Not specified

12months: 1.8+4.9 and—1.4+3.8,
p =0.021; baseline versus 12 months:

3.8+6.1and 0.2+4.4, p =0.032)

Walton et al.

38 chronic stage patients

Double-blind

Customize exercises program based on NPE. CG

7 weeks (14 sessions)

Baseline and Follow-Up Geometric Means

(2018) (34) with PD (mild-to- active RCT patients received an aspecific cognitive training In Hospital for the FoG in on-phase (p, =0.002).
moderate impairment) Group of ten participants, under
(CG:18) supervision of a therapist.
CoTras, RPIO Co., Ltd., Park and Park 30 subacute stage RCT Tasks involving object recognition, object constancy, 4 weeks (20 sessions) Lowenstein Occupational Therapy

Geumcheon-gu, Seoul,
2010.

(www.rpio.co.kr).

(2015) (35)

patients with Stroke
(moderate impairment)

(CG:15)

figure-ground organization, visual discrimination,
and visual organization. CG patients received a paper

and pencil training for perception rehabilitation

30 min training

In Hospital

Under the supervision of a therapist.

Cognitive Assessment (p, <0.05§), Motor-
free Visual Perception Test-3 (p, <0.05§)

(Continued)
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TABLE 2 (Continued)

BrainGymmer, Dezzel
Media, The Netherlands,
2010.

Studies

Van de Ven et al.
(2017) (36)

Sample
characteristic

97 subacute-to-chronic
stage patients with

Stroke (moderate

Double-blind
RCT

Training protocols

Cognitive flexibility tasks (updating, set-shifting,
inhibition). CG groups: AC 35 patients followed a
mock training, WLC 24 patients received TAU

Treatment duration
location supervision

12 weeks (58 sessions)

At Home

Under the supervision of a therapist.

Outcome measures &
efficacy

TMT-B (p, <0.001§), LNS (p, <0.01§), ToL
(p,, <0.018).

(www.braingymmer.com) impairment)
(CG59)
RehaCom’, HASOMED Nousia et al. 46 MCI patients RCT Multidomain cognitive training intervention 30 60-min individual sessions over Delay memory, Semantic Fluency, TMT-A
GmbH, Magdeburg, (2021) (37) (GC21) program. CG received TAU a period of 15weeks (i.e., two (py <0.001), Boston Naming Test
Germany, 1997. sessions per week) (py=0.030), Clock Drawing Test
(www.rehacom.com) At home (p» =0.017), Digit Span Backward
Type: Software with specific Not specified (p»=0.045) TMT-B (p, =0.010)
tool for human-computer
interaction.
Naeeni Davarani 60 MS patients RCT The cognitive trained was focused on: attention, 5weeks (two 60-min sessions per Visuospatial and motor skills (p, <0.01);
et al. (2022) (38) (CG 30) response control, processing speed, working memory, = week) Verbal executive functions (p, <0.01);
visuospatial skills, and executive functions; CG group Non-verbal executive functions (p, <0.01);
received no any intervention, Processing speed (SDMT) (p, <0.001);
‘Working memory (p, <0.001)
Amiri et al. 50 chronic stage patients | RCT Customize exercises program. CG patients engaged 5weeks (10 sessions) N-back (p, <0.05), PASAT (p, <0.001),
(2021) (39) with Stroke (mild-to- in routine physiotherapy rehabilitation sessions 30min training SDMT (p, <0.001).
moderate impairment) without any extra cognitive stimulation In Hospital
(CG: 25) Group of 10 participants, under
supervision of a therapist.
Messinis et al. 36 MS Randomized, Treatment with the RehaCom modules consisted of 45min per (3 sessions per week) for Verbal learning (p, <0.0005), visuospatial
(2020) (40) (CG17) multi-site, sham 24 domain and task specific. The CG completed 8-week memory (p, <0.0005) and information
controlled trial nonspecific computer based activities At home processing speed (p;, <0.0005)
Not specified
Messinis et al. 58 MS patients RCT Multidomain computerized treatment, CG received 10 week (2 days a week for RTLTS (p,, =0.000), SRTDR (p,, =0.001),
(2017) (41) (CG 26) TAU. approximately 60 min) BVMT-R (p, =0.001), TMT-A (p,, =0.000),
At home TMT-B (p, =0.000), SNST (p,, =0.000).
Not specified

(Continued)
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TABLE 2 (Continued)

Device

Studies Sample Training protocols Treatment duration Outcome measures &
characteristic location supervision efficacy
Campbell et al. 38 patients with MS RCT Treatment sessions consisted of training in three 45min, 3 times weekly for 6 weeks SDMT (p,, =0.005)
(2016) (42) (CG19) specific modules involving working memory, At home
visuospatial memory, and divided attention. CG Not specified
watched a series of natural history.
Bonavita et al. 32 chronic stage patients = RCT The training program included: “attention and 8weeks (16 sessions) SDMT (p, =0.01), PASAT 3"(p, =0.00),
(2015) (43) with MS (mild concentration,” “plan a day,” “divided attention,” 50 min training PASAT 2 (p, =0.03), SRT-D (p, =0.02),
impairment) “reaction behavior,” and “logical thinking” sessions. In Hospital 10/36 SPART-D (p, =0.04), MRI fractal
(CG:14) CG patients received a TAU and an aspecific Under the supervision of a therapist. anisotropy (p,, =0.05).
cognitive stimulation
Darestani et al. 60 patients with MS RCT Multidomain treatment, CG received no treatment 10 sessions for 5weeks (2 60 min CVLT-II (p <0.001) and COWAT
(2020) (44) (CG 30) sessions per week) (p <0.001)
At home
Not specified
Veisi-Pirkoohi 50 stroke patients RCT Multidomain treatment, CG received no treatment 10 sessions (45-min for each) in ADL, attention and response control
et al. (2020) (45) (CG 25) 5weeks (py<0.001)
At home
Not specified
Fernandez et al. 80 ABI patients RCT Specific training for attention. CG received TAU 5 session (50 min. For each) per TMT-A, Digit Span and logical memory
(2017) (46) (GC 30) 8week (py <0.001)
Not specified
Cerasa et al. 20 chronic stage patients = RCT Customize exercises program. CG patients performed = 6weeks (12 sessions) SDMT (p, =0.04), Digit Span Forward

(2014) (47)

with PD (mild
impairment)

(CG:10)

a simple visuomotor coordination tapping task by

using an in-house software

60 min training
In Hospital
Group of participants, under

supervision of a therapist.

(ps=0.01)

(Continued)
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TABLE 2 (Continued)

GRADIOR (INTRAS

Foundation, Spain)

Studies

Sample
characteristic

Diaz Baquero 43 MCI and mild RCT
et al. (2022) (8) dementia patients
Diaz Baquero Eighty-nine patients RCT
etal. (2022) (48) with MCI and Dementia
(CG=32)
Gongora Alonso 83 subjects with severe Usability
et al. (2020) (49) and prolonged mental
illness
Vanova et al. 400 people with MCI RCT

(2018) (50)

and mild dementia

Training protocols

computer-based cognitive rehabilitation program and
allows CCT on cognitive functions, each of these
cognitive modalities includes various sub-modalities
to customize the exercises according to the user’s

cognitive profile

Treatment duration
location supervision
GRADIOR consisted of attending
2-3 weekly sessions for 4 months

with a duration of 30 min

Outcome measures &
efficacy

Digit Symbol of WAIS-III (p =0.02),
Arithmetic of WAIS-III (p =0.02) and
lexical verbal fluency (LVF)-R (p =0.03)

Mini-Mental State Exam (MMSE), Trail
Making Test (TMT)-A (p =0.03; =0.019)

Gradior has 81.2% acceptance and 83.7%

general assessment

three to four times per week for

30 min per session.

ADASCog Alzheimer’s Disease Assessment
Scale - Cognitive Subscale, ADL activities
of daily living, CAMCog Cambridge
Cognition Examination, EQ5d-5L
EuroQoL 5 dimensions, 5 levels, GDS
Geriatric Depression Scale, MMSE Mini
Mental State Examination, QCPR Quality
of Patient-carer Relationship, SUS System
Usability Scale, TMT Trail-making test

Significance is reported as p,, (for within groups) and p,, (for between groups) value of primary and secondary outcomes measures, with § for significance found in primary outcomes measure also for the control group. For every study, we selected only significant results
adjusted for multiple comparisons. MS, multiple sclerosis; PD, Parkinson’s Disease; ABI, acquired brain injury; TBI, Traumatic Brain Injury; RCT, randomized controlled trial; CG, control group; DKEFS, Delis-Kaplan Executive Function System; MRI, magnetic
resonance imaging; IQ, Intelligence quotient; WAIS, Wechsler Adult Intelligence Scale; TAU, treatment as usual; WM, working memory; CCT, cognitive computerized training; CVLT, California Verbal Learning test; CESD, Center for Epidemiologic Studies Depression
Scale; COWAT, Controlled Oral Word Association Test; MoCA, Montreal Cognitive Assessment; 6 MWT, six-minute walking test; TMT A-B, Trial Making Test part A-B; MMSE, Mini-Mental State Examination; ACE-R, Addenbrooke Cognitive Examination Revised;
SDMT, Symbol Digit Modalities Test; SPART-D, Spatial Recall Test-Delayed; LNS, Letter Number Sequencing; ToL, Tower of London; FoG, freezing of gait.
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positive results on fatigue and health-related quality of life (40). These
findings were confirmed by a multicenter study carried out by the
same authors (41) on 58 MS patients. In fact, the authors showed
significant improvements in episodic memory, information processing
speed/attention, and executive functions with a positive perception of
patients in using the training software RehaCom (41). Moreover,
Campbell et al. (42) explored the efficacy of home-based computer-
aided cognitive rehabilitation in 38 patients with MS using
neuropsychological assessment and advanced structural and
functional MRI. The treatment group had greater activation in the
bilateral prefrontal cortex and right temporoparietal regions. In
addition, improved cognitive performance was noted in patients
treated with Rehacom (42). Finally, Bonavita et al. (43) performed a
study on 18 relapsing-remitting MS patients treated with Rehacom
software. They demonstrated that training with the software can
induce an adaptive cortical reorganization as well as better cognitive
performance (43).

Darestani et al. (44) conducted research to investigate the effect of
RehaCom treatment on verbal performance in 60 MS patients. The
results showed that treatment with the software can improve speech
fluency, verbal learning, and memory in MS patients (44).

Veisi-Pirkoohi et al. (45) found that RehaCom rehabilitation
software was effective on ADL, attention, and response control in 50
chronic stroke patients due to middle and anterior cerebral arteries
occlusion (45). Yoo et al. (7), in their study on 46 patients with stroke,
found that computer-assisted cognitive rehabilitation with the
RehaCom program improved cognitive function. This raises the idea
that the tool may be helpful for stroke patients who have cognitive
impairment (7). Fernandez et al. (46) investigated the effectiveness of
the software on patients with ABI. The authors showed a good efficacy
of the training procedure in focused attention, digit span, and logical
and working memory (46). In another study performed on 50
hospitalized patients (56), the same authors found an improvement in
the trained functions in all patients. However, adverse effects,
including mental fatigue, headaches, and eye irritation, have been
found to negatively affect the usability of the tool (56).

Finally, an interesting randomized controlled trial (47) was carried
out on 8 patients with PD. The authors found that the patients
improved attention and processing speed with changes in neural
plasticity, as investigated by fMRI (47).

3.11. GRADIOR

GRADIOR (INTRAS Foundation, Spain) is a multimedia software
for cognitive stimulation, neuropsychological assessment, and
rehabilitation. It consists of personalized exercises that train various
cognitive domains, such as attention, memory, orientation, calculation,
perception, reasoning, and language. This software creates a
multimedia environment with high flexibility and demanding
challenges that boost the cognitive components. The use of the
software requires the presence of a qualified therapist to support the
user during the assessment and training. Few studies have evaluated
its usability and effectiveness in the rehabilitation field. Diaz Baquero
et al. performed an RCT study on 43 patients with MCI and mild
dementia, highlighting good adherence to treatment, good
acceptability, and potential efficacy of the device (8). Another RCT
performed by the same authors on 89 people with MCI and dementia
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demonstrated the benefit of this training on several cognitive domains
(48). These promising results were confirmed by Gongora Alonso
et al., who observed good acceptability of the tool in patients with
severe and prolonged mental illness (49). Finally, Vanova et al.
performed an RCT of 400 people with MCI and mild dementia treated
with Gradior. They found significant improvements in most patients,
with long-term maintenance of the results (50).

4. Discussion

This review aimed to identify suitable technological devices for
the CR of chronic neurological patients. Specifically, our literature
research has shown how these devices can be used with different
neurological pathologies, including stroke, MS, TBI and PD. In
detail, it emerges that the clinical population with the most trials is
stroke (N=10) (19-21, 24, 29, 35, 36, 39, 45, 52), followed by MS
(N=9) (18, 22, 25, 30, 38, 40-43), PD (N=4) (28, 32, 34, 47), and
traumatic and acquired brain injury (N =4, respectively) (14, 17, 23,
26). Only two studies investigating patients with different
neurological pathologies were recruited (15, 16), as reported in
Table 2. The misrepresentation of RCT studies with such a different
neurological population could be intrinsically linked to the
difficulty in managing patients affected, e.g., by TBI and dementia.
For dementia, there is some evidence that computer-based cognitive
rehabilitation may be of help in improving different cognitive
domains (57). In particular, the software “GRADIOR” looks
promising in the CR field (8, 48-50). Moreover, previous studies
have applied computerized approaches using photos of the patient
and his/her personal surroundings, with positive results (58, 59).
However, these studies were excluded for temporal reasons.

Moreover, most studies reported a statistically significant efficacy
of using the PC-based devices in reparative CR. However, only in
some cases they were superior to conventional treatments. Training
duration, frequency and timing is still unclear. For CogMed, 5 weeks
of intervention with each session lasting between 30 and 45 min
seems to be the best solution for different populations of patients.
However, the efficacy was mainly observed within the group, and not
with respect to the control group (14-19). Luminosity™ was mainly
used in patients with stroke, but also with MS and TBI, with an
intervention duration ranging from 4 to 12weeks (each session
lasting from 20 to 45min) and with an efficacy higher than that
observed for the control group (20-23). Brain HQ needed longer
intervention times (12-20 weeks, each session lasting 30-60 min), but
with a higher efficacy reported with respect to control intervention
for patients with stroke, MS and TBI (24-26). Three studies
investigated the use of ERICA for 8-24weeks (each session
45-60min), demonstrating significant results only within the
experimental group (28-30). CogniPlus (31, 32) and APT (33, 34)
have been used for patients with MCI or PD with high variability in
the duration of interventions. CoTras (35) and BrainGymmer (36)
were both tested in a single study on patients with stroke, the former
for a shorter period (4 vs. 12weeks) and with between group
significant differences.

RehaCom was the device more widely tested, especially in patients
with MS. The high number of studies increased the variability of the
adopted protocols, with a duration of the intervention going from 5 to
15weeks (each session ranged between 30 and 60 min). However,
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literature on this device reports solid statistically significant results
about its efficacy also when compared to conventional interventions
(7, 37-47).

Therefore, we noticed that the importance of training cognitive
functions is increasingly evident in the literature, also for facilitating
learning processes in motor recovery (4, 60). Indeed, computerized
cognitive rehabilitation has proven effective in combination with
other methods. A practical example can be the application of
acupuncture coupled to transcranial direct current stimulation with
computerized cognitive rehabilitation. This method showed good
results in cognitive performance in individuals with vascular
cognitive impairment (61) and people with stroke (62). A recent
study by Shaker et al. (62) demonstrated significant improvement
in scores of attention and concentration domains, figural memory,
logical reasoning, and reaction times performance. People with
cognitive disabilities are treated intensively in the subacute stage of
the disease, while unfortunately, they have little access to treatment
in the chronic stage. This problem is due to the burden of the Local
Health Care Institutions. The underestimation as well as the
reduced possibility of effective cognitive training after subacute
rehabilitation regards both subjects with central nervous system
pathology and those affected by other conditions, such as for
example non-CNS cancer (63). This is why new solutions, including
telemedicine and home devices/software for cognitive rehabilitation,
may be helpful to guarantee the continuity of care. In fact, they
should be used when geographical and socio-economic barriers
prevent the patient from reaching primary clinics. This will allow
each patient to receive monitoring and rehabilitation, through
remote devices (3, 64-66).

Moreover, the patient’s perception of the device usability is a key
point of rehabilitation. In fact, recent studies have pointed out that the
adaptability of technology also includes adapting to patients’ emotions
or perceptions. An interesting study by Norman et al. (65) pointed out
that perception of a device influences the use of that device itself (37).
Nonetheless, this aspect deserves further investigation, as some tools
could have high costs and reduce the possibility of customizing the
design of the tools. Although in the last period very flexible low-cost
proposals have been advanced, also based on smartphones and apps
to download for free. We have not explored this field as they are out
of the scope of this review. Possible problems concerning the diffusion
and use of such devices at home could concern: (i) the absence of a
caregiver to supervise the training, especially for patients with greater
impairment and with a greater need for therapy; (ii) the lack of
experience with technological interfaces and PCs by both patient and
caregiver; (iii) the lack of structural technical requirements such as not
having a PC or an internet connection. Similar issues have recently
been raised by Mantovani et al. (67) concerning the use of Virtual
Reality as a home therapy for CR.

In general, it seems that the use of technological devices for CR is
promising, but with inconsistencies due to the variations in study
design. However, we must bracket the proposal with a caveat.
Although these technological devices have features that make them
highly adaptive to the patient’s performance. For more severe and
subacute subjects they cannot replace conventional CR, in which
neuropsychologists and speech therapists play a fundamental role. In
fact, their optimal use always remains integrated with conventional
CR, or they are part of a rehabilitation process following discharge, to
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support the patient remotely. However, the protocols of the various
studies are very different both in the frequency and the duration of the
sessions. This makes it difficult to judge the effectiveness of the tool,
so new randomized trials with large samples should be conducted to
confirm this aspect. Moreover, it is important that clinicians are
familiar with the different devices, in order to facilitate the selection
of the appropriate device for the treatment to be performed. Finally,
another problem is related to the difficulty of standardizing tests for
patients with different neurological pathologies. This implies the need
to validate tests for different patients, favoring the continuous
updating of devices and tests. Indeed, young subjects, such as those
with MS, are more familiar with computerized devices and may
require different tests than patients with MCI. Often young patients
stop testing because they get bored, or quickly reach the various levels
of the tests. On the other hand, patients with dementia and severe
cognitive decline may have serious difficulties in using the devices.
This could be the main reason why we did not find studies in patients
with dementia.

Our review had the ambitious aim of offering an overview of
the devices currently in use in clinical practice for the computerized
CR of neurological patients. We have collected many studies with
the aim of describing the devices and highlighting their strengths
and weaknesses. A wide variability among the revised papers was
noted in terms of primary as well as secondary outcome measures,
even when aiming at measuring the same cognitive domain. This is
accompanied by a wide variability also in the duration of treatments,
including both session duration and length of rehabilitative period
in which a specific device was used (as shown in Table 2). There is
the need to standardize assessment and rehabilitative protocols by
identifying the key parameter for each device. The inter-rater
reliability in the coding and interpretation of these parameters,
which in this review cannot be performed given the wide variability
among the studies. Thus, this work has limitations. Unlike
validation studies, it is not possible to operationalize and define the
key parameters being analyzed in the identified literature and then
demonstrate inter-rater reliability in the coding or interpretation of
each of the defined parameters. The scientific literature on this topic
is very varied: different devices are used, for different types of
patients, administering a different amount of therapies/duration.
Further meta-analysis reviews are needed to fulfill this purpose. In
the near future, various factors can consolidate and improve the
possibility of carrying out cognitive therapy using software and
platforms at home. They include: (i) better accessibility (in terms of
lower costs and greater geographical coverage), (ii) higher attention
to the chronic and territorial phase of neurorehabilitation and (iii)
a growing sensitivity to the possibility of ensuring a better quality
of life for brain injury survivors.

With this in mind and considering the aforementioned
limitations, PC based approaches could be valuable complementary
tools to improve cognitive function and partly guarantee the
continuity of care in neurological patients.
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