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Editorial on the Research Topic

The legacy of Dr. Roger W. Sperry: current advances in brain
lateralization and interhemispheric transfer

Roger W. Sperry’s Nobel Prize for Physiology or Medicine in 1981 (shared with David
Hubel and Torsten Wiesel) was awarded for elucidating functional specialization in the
left and right cerebral hemispheres of commissurotomy cases studied at Caltech, Pasadena
(Sperry, 1968, 1974). For the first time, scientific light with far reaching implications was
shed on the nature of hemispheric specialization, consciousness, and inter-hemispheric
communication in the human brain. This followed Sperry (1961, 1964) early long
quest to unravel corpus callosum functions, the major inter-hemispheric communication
route. Commissurotomy, known in lay terms as “split-brain,” alleviated pharmacologically
intractable severe epilepsy (Bogen and Vogel, 1962; Bogen, 1985). The findings in Sperry’s
lab inspired myriad neuroscientific research into consciousness (Sperry et al., 1979; Koch
et al., 2016; Mashour and Hudetz, 2018), functional compensation following hemispheric
brain injury (Riés et al., 2016), right hemisphere language (Zaidel, 1976; Corballis, 2014),
plasticity of language development (Martin et al., 2022), neuroanatomy and morphology
of callosal fibers (Aboitiz et al., 2003; Mooshagian, 2008; Fame et al., 2011), nature of
hemispheric specialization in the healthy brain (Esteves et al., 2020; Hartwigsen et al.,
2021), handedness (Sha et al., 2021), and much more.

Importantly, the discoveries by Sperry’s group were based on right-handed
cases who underwent a single-stage (same day), complete surgical section of
the forebrain commissures, which include the corpus callosum, anterior, and
hippocampal commissures, enabling investigations into language, perception,
cognition, and consciousness in each disconnected hemisphere (Sperry, 1974; Sperry
et al, 1979). In all of these cases, the main language centers were lateralized to
the left hemisphere. In contrast, patients who underwent partial commissurotomy
where the splenium portion of the corpus callosum was left intact, also studied by
Sperry, showed absence of the hemispheric disconnection syndrome (Bogen, 1993).
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Research centers in other countries applied callosal disruption
surgery to treat drug-resistant epilepsy. Since the 1980’s, increased
number of epilepsy patients underwent partial or total callosotomy
(sectioning only the corpus callosum) in Ancona, Italy, where
neurosurgeon Isacco Papo performed the surgery at the Ancona
Hospital. Studying these patients presented a unique opportunity
in the past 40 years to continue investigations into the role of the
corpus callosum in interhemispheric communication. Research on
patients with various degrees of callosotomy have clarified results
mainly relating to simple sensory or motor functions, specifically
which callosal routes facilitate transfer different kinds of sensory
and motor information between the two hemispheres. These
findings with the Ancona group of patients has been described and
summarized (Fabri et al., 2017; Fabri and Polonara, 2023).

Topics in the foregoing are addressed in the articles published
in this Research Topic honoring Roger W. Sperry.

Sperry’s scientific contributions and remarkable research
thrust are reviewed in detail in the Berlucchi and Marzi article.
They describe the series of critical, original questions coupled
with creative methodology that have led Sperry on a path
where he investigated neuronal connectivity, chemoaffinity,
consciousness, corpus callosum functionality, and hemispheric
specialization in complete commissurotomy patients. From
investigations in animals to human studies, in each one of these
research fields he contributed critical discoveries that advanced
science immeasurably. The Berlucchi and Marzi paper provides
background and insights to the uniqueness of his thinking and his
research approach.

Basic brain and neuropsychological research informs clinical
applications. Christensen et al.’s study applied interhemispheric
transfer time (IHTT) to asses extent of brain damage following
head concussion in children and adolescents. This clinical study
sheds light on the consequences of such condition to callosal
functionality. It benefitted from Roger Sperry’s extensive work on
the functions of the corpus callosum in both animals and the
human commissurotomy patients.

Salillas et al. addressed the issue of math functions in the left
and right hemispheres. The findings with the commissurotomy
patients made by Sperry’s group at Caltech (Sperry, 1974)
revealed that simple mathematical calculation specialization in
the disconnected left hemisphere was consistent with unilateral
lesion studies showing acalculia symptoms in patients with left
hemisphere injury, that is, that the left hemisphere is superior to the
right in arithmetical calculation. But Sperry’s findings also showed
for the first time some calculation ability, albeit limited, in the
disconnected right hemisphere as well. In their important article,
Salillas et al. go further, they provide comprehensive review of brain
lateralization of math functions in neurological patients as well as in
healthy adults and children, substantially extending and clarifying
the hemispheric role in arithmetic. Their work revealed a greater
contribution by the right hemisphere and the suggestion that
normally both hemispheres participate in arithmetical calculation,
particularly through parietal lobe regions.

The study by Mazzi et al. was carried out in adult healthy
volunteers and investigated the whole pattern of intra- and inter-
hemispheric cortico-cortical connectivity changes induced by low
frequency repetitive transcranial stimulation (rTMS) applied over
the right posterior parietal cortex (rPPC). The results revealed a
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significant increase in coherence in delta, theta, alpha and beta
frequency bands between rPPC and the contralateral homologous
sites, indicating an excitatory connectivity. An increase in the same
frequency bands was also found between rPPC and right frontal
sites, reflecting the activation of the fronto-parietal network within
the right hemisphere. The authors conclude that subthreshold
rTMS applied to the right posterior parietal cortex modulated
functional connectivity and coherence in the brain. Moreover,
the results further confirm previous evidence indicating that
the increase of coherence values is related to intra- and inter-
hemispheric inhibitory effects of rTMS. This observation challenges
the notion of reciprocal inhibition between the hemispheres
and suggests a role for maladaptive plasticity in spatial neglect.
Implications for devising evidence-based rehabilitation protocols
following stroke are also pointed out.

Marcantoni et al. investigated interhemispheric functional
connectivity (FC) in the Ancona group of callosotomized
patients by using functional magnetic resonance imaging (fMRI).
Functional connectivity is defined in terms of temporal correlations
between physiological signals from cortical areas anatomically
separated, and it mainly depends upon structural connectivity.
Interhemispheric FC appears mostly supported by the corpus
callosum (CC), although the available evidence are not conclusive.
The study by Marcantoni et al. was carried out in a few patients who
have undergone partial or total surgical resection of the CC. The
results show that the interhemispheric FC is generally preserved
between primary sensory cortical areas, but often reduced or
lacking between the associative areas. The authors suggest that
residual FC observed in the absence of the CC might be supported
through subcortical extra-callosal pathways.

Pinto et al. compared deliberate vs. automatic processing in
visual integration across the left and right hemispheres, starting
from recent evidence that the Ancona split-brain patients can
detect and localize stimuli anywhere in the visual field, both
verbally and with either hand. The authors explored this cross-
hemifield interaction in detail with a single complete callosotomy
patient, albeit undergoing multi-stage surgery (not all callosal
fibers sectioned the same day). The results suggest to the authors
that when the patient was forced to adopt a conscious and
deliberate approach, processing seemed to be unified across the
left and right visual fields, and thus across the hemispheres.
The authors offer a two-route explanation: in healthy subjects,
the visual information from the two hemifields is normally
integrated in an automatic, unconscious fashion via the intact
splenium. In this split-brain patient, in whom the splenium
was severed, some information transfer remained. Therefore,
a second route, perhaps less visual and more symbolic, may
become functional when the patient is forced to use a deliberate,
consciously controlled approach. This two-route model raises
issues that could help clarify some of the controversial issues in
split-brain research.

Studies carried out with the Ancona group of split-brain
patients have provided much important information, including the
observation that they have developed compensatory strategies to
solve conflicting situations in everyday life. Such strategies could
potentially lead to a misinterpretation of split-brain performance
results. On the whole, this research field has provided a
great opportunity to study lateralized and bilaterally represented
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brain functions as well as extra-callosal pathways facilitating
hemispheric cooperation.

Multiple issues addressing hemispheric specialization and
functional laterality remain to be studied further, particularly with
regards to higher cognitive functions such as thinking and problem
solving, conceptualizing, learning, imagining, emotions, memory,
attention, and consciousness.
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