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Plasticity and cerebral reorganization: an update

More than 100 years ago, Ramon y Cajal, one of the founding fathers of modern neuroscience,
suggested in Degeneration and Regeneration of Nervous System that 'nerve paths are something fixed,
ended, and immutable [...] everything may die, nothing may be regenerated’ (y Cajal, 1991). Cajal’s view
dominated the young field of neuroscience for a long period until researchers reached one of the most
outstanding and promising conclusions regarding the adult brain: that it is, in fact, plastic. It is constantly
being reshaped by experience but can also undergo significant reorganization in the face of aging and
pathological assault. This has sparked a tremendous number of studies, and hope, to decipher and promote
brain plasticity.

The current understanding of human brain plasticity and its underlying mechanisms is based on
advanced technologies allowing to visualize the brain and manipulate neuronal activity with great
precision. As a result, various functional and structural plasticity forms have been described, going from
the molecular to the neural network level, occurring over a wide range of time scales. However, many
guestions remain unanswered. Updates are necessary to establish what has been done and learned to date
and what remains to be done. In this context, the joint 2021 meeting of the Groupe de Réflexion sur les
Evaluations Cognitives (GRECO) and Société de Neuropsychologie de Langue Francaise (SNLF), hosted
by the annual conference of the Journées de Neurologie de Langue Francaise (JNLF), organized a whole
day dedicated to “Plasticity and Cerebral Reorganization”. This meeting aimed to focus on recent key
experimental findings, different methodological approaches, and their clinical applications. The present
special issue of La Revue Neurologique is a synthesis of the work presented in this framework.

The first article reviews neuroplasticity from the perspective of intraoperative electrical mapping
combined with neuropsychological perioperative data and neuroimaging (Duffau, 2021). After a review
of data challenging classical localizationist models, mechanisms of neuroplasticity are discussed in the
functional connectome framework. Implications for neurosurgical interventions, the creation of new
atlases, and the neuro-rehabilitation of brain-damaged patients are also presented. In particular, this article
discusses the relevancy for the field of plasticity of the concept of 'meta-network’ (i.e., networks of
networks, see also Herbet & Duffau, 2020), which represents the result of interactions between and within
brain networks during complex cognitive demanding tasks. Meta-networks involve transitory, task-
induced changes between brain regions encompassing specialized functional systems (Cocchi, Zalesky,

Fornito, & Mattingley, 2013) and imply the existence of cortical nodes with highly connective properties



essential for cross-network integration (de Pasquale, Della Penna, Sporns, Romani, & Corbetta, 2016;
Herbet & Duffau, 2020).

The same network perspective is promoted in the article by Bartolomeo (2021) that uses visual
neglect as a model to study cerebral plasticity and specifically addresses the issue of adaptive and
maladaptive reorganization of neurocognitive brain networks in brain-damaged patients. Potential factors
influencing post-stroke recovery of neglect and their biomarkers are emphasized. On the one hand, the
role of the localization of the lesion in compensatory plasticity is emphasized, with a particular focus on
white matter integrity within and between hemispheres (see for details Bartolomeo, Thiebaut de Schotten,
& Doricchi, 2007; Lunven et al., 2015; Nyffeler et al., 2019; Thiebaut de Schotten et al., 2005; Toba et
al., 2018; Toba et al., 2020; Toba et al., 2017; Urbanski et al., 2011). On the other hand, critical time
windows of plasticity and corresponding mechanisms are presented and illustrated with protocols
stimulating brain plasticity through prism adaptation in patients with neglect (Lunven et al., 2019), among
other examples.

The role of new technologies is further illustrated in the article by Ben Hamed et al. (2021) that
presents a comprehensive overview of neurofeedback, a cognitive training tool with promising results in
improving brain functions, which combines behavioral training with directed control of cortical signals.
The methodological principles and behavioral benefits of neurofeedback and its role in triggering brain
plasticity (changes in both grey and white matter properties and functional connectivity) are extensively
presented. Neurofeedback has been used in healthy participants to enhance cognitive functions and in
patients (see for details Table 1 in Ben Hamed et al., 2021) to restore specific cognitive functions such as
in attention deficit hyperactivity disorders (ADHD), anxiety, depression, and post-traumatic stress
disorder. This article also has the merit to emphasize several limitations of neurofeedback, such as the
transfer of behavioral effects outside the research context, the problem of experimental controls, and
differences between responders and non-responders.

In this special issue, both plasticity following limb amputation and plasticity-related to hearing
losses are also reviewed. Raffin et al. (2021) report various forms of sensorimotor plasticity following
limb amputation and insist on two post-amputation frameworks, i.e., plasticity triggered by deprivation
(including models such as maladaptive plasticity and persistent representation) and use-dependent
plasticity. Plasticity outside the primary sensorimotor cortex is also presented, and the link between
theoretical models and new therapeutic strategies for phantom limb pain is discussed. Complementarily,

the notion of maladaptive plasticity introduced in the review article by Bartolomeo (2021) and linked to



post-stroke recovery is here developed in relation to phantom limb pain intensity (Birbaumer et al., 1997;
Flor, Denke, Schaefer, & Grusser, 2001) that could be explained by the expansion of body parts
representations adjacent to the missing limb representations in the deprived cortex. Clinical applications
targeting sensorimotor plasticity as a mean of decreasing phantom limb pain include the use of
myoelectric prosthesis (Ortiz-Catalan et al.,, 2016), mirror therapy (Ramachandran & Rogers-
Ramachandran, 1996), sensory stimulation (Flor et al., 2001), and non-invasive brain stimulation (either
transcranial magnetic stimulation or transcranial direct current stimulation) (Nardone et al., 2019) that are
also further presented in the review paper by Raffin et al. (2021).

The article by Barone et al. (2021) introduces cross-modal and intra-modal plasticity in relation to
symmetric and asymmetric hearing losses. The restoration of hearing loss using cochlear implantation and
its behavioral, anatomical, and functional consequences are developed. 'Compensatory plasticity',
referring to modified brain dynamics subtending adaptive modifications following pathology (see
Rauschecker, 1995), is nicely illustrated here. The authors provide relevant examples illustrating how
these "compensatory" mechanisms influence cortical reorganization (Lasfargues-Delannoy, Strelnikov,
Deguine, Marx, & Barone, 2021; Rouger et al., 2007). Clinical applications reported in this review
include the restoration of symmetric (bilateral) and asymmetric hearing after cochlear implantation with
effects mainly on auditory perception and audiovisual integration. It is suggested that a strong visual and
audiovisual based rehabilitation during the first months after implantation can improve the recovery of
speech intelligibility (Strelnikov et al., 2009). In contrast, the concept of maladaptive plasticity is
illustrated by the case of the invasion of the auditory cortex by visual functions during the restoration of
hearing with cochlear implants (Ambert-Dahan et al., 2017). The authors also suggest potential
improvements in estimating brain plasticity.

We intended with this special issue to cover a large number of forms of brain plasticity, in the
human mainly, in order to provide a multifaceted perspective of the current research in the field. We
sincerely hope that this special issue will stimulate new research and inspire further work showing the

extent to which the brain can change. This endeavor is critical for patients with brain pathologies.
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