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The neurorehabilitation of cerebrovascular diseases is a challenging scientific topic
that has rapidly grown in recent decades. For years, neuromotor physiotherapy aimed at
improving functional recovery and cognitive/psychological therapy aimed at enhancing
cognitive and behavioural functionality have been applied as distinct interventions aimed
at addressing different functions. However, the direct impacts of cognitive and behavioural
complications on the quality of life of patients, as well as the indirect influence of cognitive
deficits on motor skills, deserve more attention from the scientific community [1,2].

A noteworthy effort is required in the field of neurorehabilitation in which therapy
segmentation has been extensive due to cultural, historical, and organizational reasons.
Currently, the advent of new technologies highlights the limitation of this division, which
separates motor and cognitive recovery planning [3,4].

The sharp distinction between mind and body was already criticized in the late 1990s
in some famous books, including those by Damasio (Descartes’ Error) [5], Clark (Being There—
Putting Brain, Body and World Together Again) [6], and Berthoz (Le Sens du Mouvement) [7].
Nevertheless, neurorehabilitation seems to have been slow in incorporating these ideas
into its protocols.

The aim of this Special Issue is to provide an overview of the role of cognition in
neurorehabilitation after a cerebrovascular event, especially executive functions, personal
unilateral neglect, and motor imagery, with particular attention paid to the possible role of
new, emerging technologies.

In this Special Issue, Tarantino et al. [8] show how the combination of training focused
on executive functions with an ordinary rehabilitation program potentiates beneficial
effects in promoting independence in the activities of daily living. This independence
may also benefit from the reduction in unilateral spatial neglect obtained through prism
adaptation therapy [9]. An intervention that involves perception and action, such as
Action Observation Therapy, can contribute to increasing motor recovery in subacute
stroke patients with moderate-to-severe upper limb impairment in the early phase after
stroke [10]. Bobrova and colleagues [11] report that the motor imagery of the hand, upon
which some rehabilitation protocols are based, may depend on personality traits. All of
these findings confirm the importance of cognitive recovery, which has been found to
be related to serotonin levels, in patients with stroke [12]. In this scenario, it becomes
also essential to assess the participation of patients with stroke in their own rehabilitation,
and the article by Iosa and colleagues may contribute to the diffusion of the Pittsburgh
Rehabilitation Participation Scale [13]. Another aspect that can be evaluated is oral health;
in fact, poor oral health status was found to be associated with inpatient rehabilitation
outcomes by Gerreth et al. [14].

Brain Sci. 2023, 13, 1617. https://doi.org/10.3390/brainsci13121617 https://www.mdpi.com/journal/brainsci

https://doi.org/10.3390/brainsci13121617
https://doi.org/10.3390/brainsci13121617
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/brainsci
https://www.mdpi.com
https://orcid.org/0000-0003-2434-3887
https://orcid.org/0000-0003-3602-4197
https://doi.org/10.3390/brainsci13121617
https://www.mdpi.com/journal/brainsci
https://www.mdpi.com/article/10.3390/brainsci13121617?type=check_update&version=1


Brain Sci. 2023, 13, 1617 2 of 3

Regarding the perception–action link, more studies are needed to investigate the
potential effects of Vibrotactile-Based Rehabilitation on balance and gait recovery in patients
with neurological diseases, as stated by De Angelis and colleagues in their systematic
review [15]. Similarly, the review by Amoros-Aguilar et al. recommends conducting
more rigorous studies to explore the potential benefits of combining aerobic exercise and
cognitive training in the rehabilitation of patients with stroke [16].

A counterproof regarding the importance of cognitive functions in motor recovery is
provided by the study conducted by Aprile and colleagues [17]. They demonstrate that
deficits in spatial attention and executive functions reduce improvements in independence
in the activities of daily living. Additionally, language, number processing, and spatial
attention deficits hindered gains in the recovery of upper extremity functions in patients
with stroke treated with upper-limb robotic rehabilitation. For lower-limb rehabilitation,
the use of Overground Robot-Assisted Gait Training achieved the same level of efficacy as
conventional rehabilitation [18]. Regarding new, emerging technologies, a special mention
is deserved for artificial intelligence, which is discussed by Iosa and colleagues in a paper
showing how a neural network can assist in identifying prognostic factors for stroke
rehabilitation [19].

In light of the interesting papers published in this Special Issue, the future of neurore-
habilitation appears to be linked to a multidisciplinary approach that transcends subfield
divisions subfields and very specific techniques aimed at specific single functions, focusing
instead on the patient as a whole person and putting the brain and body together again.

Author Contributions: Conceptualization, M.I., S.P. and G.M.; writing—original draft preparation,
M.I.; writing—review and editing. All authors have read and agreed to the published version of the
manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Lee, J.; Kim, Y.H. Does a Cognitive Network Contribute to Motor Recovery after Ischemic Stroke? Neurorehabilit. Neural Repair.

2023, 37, 458–465. [CrossRef]
2. Mancuso, M.; Iosa, M.; Abbruzzese, L.; Matano, A.; Coccia, M.; Baudo, S.; Benedetti, A.; Gambarelli, C.; Spaccavento, S.; Ambiveri,

G.; et al. The impact of cognitive function deficits and their recovery on functional outcome in subjects affected by ischemic
subacute stroke: Results from the Italian multicenter longitudinal study CogniReMo. Eur. J. Phys. Rehabil. Med. 2023, 59, 284–293.
[CrossRef] [PubMed]

3. De Bartolo, D.; Spitoni, G.F.; Iosa, M.; Morone, G.; Ciancarelli, I.; Paolucci, S.; Antonucci, G. From movement to thought and back:
A review on the role of cognitive factors influencing technological neurorehabilitation. Funct. Neurol. 2019, 34, 131–144. [PubMed]

4. Morone, G.; Spitoni, G.F.; De Bartolo, D.; Ghanbari Ghooshchy, S.; Di Iulio, F.; Paolucci, S.; Zoccolotti, P.; Iosa, M. Rehabilitative
devices for a top-down approach. Expert Rev. Med. Devices 2019, 16, 187–195. [CrossRef] [PubMed]

5. Damasio, A.R. Descartes’ Error: Emotion, Reason and the Human Brain; G. P. Putnam’s Sons: New York, NY, USA, 1994.
6. Clark, A. Being There: Putting Brain, Body, and World Together Again; MIT Press: Cambridge, MA, USA, 1997.
7. Berthoz, A. Le Sens du Mouvement; Editions Odile Jacob: Paris, France, 1997.
8. Tarantino, V.; Burgio, F.; Toffano, R.; Rigon, E.; Meneghello, F.; Weis, L.; Vallesi, A. Efficacy of a Training on Executive Functions in

Potentiating Rehabilitation Effects in Stroke Patients. Brain Sci. 2021, 11, 1002. [CrossRef] [PubMed]
9. Mizuno, K.; Tsujimoto, K.; Tsuji, T. Effect of Prism Adaptation Therapy on the Activities of Daily Living and Awareness for

Spatial Neglect: A Secondary Analysis of the Randomized, Controlled Trial. Brain Sci. 2021, 11, 347. [CrossRef] [PubMed]
10. Mancuso, M.; Tondo, S.D.; Costantini, E.; Damora, A.; Sale, P.; Abbruzzese, L. Action Observation Therapy for Upper Limb

Recovery in Patients with Stroke: A Randomized Controlled Pilot Study. Brain Sci. 2021, 11, 290. [CrossRef] [PubMed]
11. Bobrova, E.V.; Reshetnikova, V.V.; Vershinina, E.A.; Grishin, A.A.; Bobrov, P.D.; Frolov, A.A.; Gerasimenko, Y.P. Success of Hand

Movement Imagination Depends on Personality Traits, Brain Asymmetry, and Degree of Handedness. Brain Sci. 2021, 11, 853.
[CrossRef] [PubMed]

12. Siotto, M.; Germanotta, M.; Santoro, M.; Cipollini, V.; Guardati, G.; Papadopoulou, D.; Bray, E.; Mastrorosa, A.; Aprile, I. Serotonin
Levels and Cognitive Recovery in Patients with Subacute Stroke after Rehabilitation Treatment. Brain Sci. 2021, 11, 642. [CrossRef]
[PubMed]

13. Iosa, M.; Galeoto, G.; De Bartolo, D.; Russo, V.; Ruotolo, I.; Spitoni, G.F.; Ciancarelli, I.; Tramontano, M.; Antonucci, G.; Paolucci,
S.; et al. Italian Version of the Pittsburgh Rehabilitation Participation Scale: Psychometric Analysis of Validity and Reliability.
Brain Sci. 2021, 11, 626. [CrossRef] [PubMed]

https://doi.org/10.1177/15459683231177604
https://doi.org/10.23736/S1973-9087.23.07716-X
https://www.ncbi.nlm.nih.gov/pubmed/37184413
https://www.ncbi.nlm.nih.gov/pubmed/32453994
https://doi.org/10.1080/17434440.2019.1574567
https://www.ncbi.nlm.nih.gov/pubmed/30677307
https://doi.org/10.3390/brainsci11081002
https://www.ncbi.nlm.nih.gov/pubmed/34439621
https://doi.org/10.3390/brainsci11030347
https://www.ncbi.nlm.nih.gov/pubmed/33803412
https://doi.org/10.3390/brainsci11030290
https://www.ncbi.nlm.nih.gov/pubmed/33652680
https://doi.org/10.3390/brainsci11070853
https://www.ncbi.nlm.nih.gov/pubmed/34202413
https://doi.org/10.3390/brainsci11050642
https://www.ncbi.nlm.nih.gov/pubmed/34063444
https://doi.org/10.3390/brainsci11050626
https://www.ncbi.nlm.nih.gov/pubmed/34068212


Brain Sci. 2023, 13, 1617 3 of 3

14. Gerreth, P.; Gerreth, K.; Maciejczyk, M.; Zalewska, A.; Hojan, K. Is an Oral Health Status a Predictor of Functional Improvement
in Ischemic Stroke Patients Undergoing Comprehensive Rehabilitation Treatment? Brain Sci. 2021, 11, 338. [CrossRef] [PubMed]

15. De Angelis, S.; Princi, A.A.; Dal Farra, F.; Morone, G.; Caltagirone, C.; Tramontano, M. Vibrotactile-Based Rehabilitation on
Balance and Gait in Patients with Neurological Diseases: A Systematic Review and Metanalysis. Brain Sci. 2021, 11, 518.
[CrossRef] [PubMed]

16. Amorós-Aguilar, L.; Rodríguez-Quiroga, E.; Sánchez-Santolaya, S.; Coll-Andreu, M. Effects of Combined Interventions with
Aerobic Physical Exercise and Cognitive Training on Cognitive Function in Stroke Patients: A Systematic Review. Brain Sci. 2021,
11, 473. [CrossRef] [PubMed]

17. Aprile, I.; Guardati, G.; Cipollini, V.; Papadopoulou, D.; Monteleone, S.; Redolfi, A.; Garattini, R.; Sacella, G.; Noro, F.; Galeri, S.;
et al. Influence of Cognitive Impairment on the Recovery of Subjects with Subacute Stroke Undergoing Upper Limb Robotic
Rehabilitation. Brain Sci. 2021, 11, 587. [CrossRef] [PubMed]

18. Molteni, F.; Guanziroli, E.; Goffredo, M.; Calabrò, R.S.; Pournajaf, S.; Gaffuri, M.; Gasperini, G.; Filoni, S.; Baratta, S.; Galafate, D.;
et al. Gait Recovery with an Overground Powered Exoskeleton: A Randomized Controlled Trial on Subacute Stroke Subjects.
Brain Sci. 2021, 11, 104. [CrossRef]

19. Iosa, M.; Morone, G.; Antonucci, G.; Paolucci, S. Prognostic Factors in Neurorehabilitation of Stroke: A Comparison among
Regression, Neural Network, and Cluster Analyses. Brain Sci. 2021, 11, 1147. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/brainsci11030338
https://www.ncbi.nlm.nih.gov/pubmed/33799980
https://doi.org/10.3390/brainsci11040518
https://www.ncbi.nlm.nih.gov/pubmed/33921655
https://doi.org/10.3390/brainsci11040473
https://www.ncbi.nlm.nih.gov/pubmed/33917909
https://doi.org/10.3390/brainsci11050587
https://www.ncbi.nlm.nih.gov/pubmed/33946452
https://doi.org/10.3390/brainsci11010104
https://doi.org/10.3390/brainsci11091147
https://www.ncbi.nlm.nih.gov/pubmed/34573168

	References

