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Editorial on the Research Topic

Organization of the White Matter Anatomy in the Human Brain

Between nineteenth and twentieth centuries, neurosciences experienced the first sharing of
experiences and competences between the world of brain anatomy and clinics. The improvements
in the knowledge of human white matter (WM) anatomy provided the natural background to the
structural definition of a wide spectrum of clinical syndromes. This “disconnection” experience was
the first field of strict integration between the WM anatomical and clinical skills, and constituted
the hard core for the development of the modern neurosciences over the last century (Catani and
ffytche, 2005).

While the second half of twentieth century has seen the neurophysiology taking a front role
in the definition of the physiological and physio-pathological processing of brain circuitries,
the last decade has definitively brought neuroimaging into the world of neuroscience. The
functional magnetic resonance imaging (fMRI) and diffusion-weighted MRI (DWI) tractography
have successively opened a new era for a better understanding of functional and structural anatomy
of the human brain (Le Bihan and Johansen-Berg, 2012; Smith et al., 2013).

In particular, DWI-based tractography was the first tool allowing the exploration of human
WM in vivo with an unprecedented level of details, and it shed a new light in the knowledge
of the brain anatomy that became, finally, more accessible (Jeurissen et al., 2019). Beyond the
technical aspects related to the continuous necessary improvement of this approach (Maier-Hein
et al., 2017), tractography produced a conceptual revolution leading that the wiring diagram of
brain connections regained a center scene of neuroscience research. Such a revolution was not only
in research but also in the clinical and neurosurgical domains and opened the “connectome” era
(Sporns, 2013).

The fields of neuroanatomy, neuroimaging, neurophysiology and clinical researches are
currently closer as never before. In fact, two decades of exploration of brain structure and functional
processing with an unprecedented level of sensitivity opened new challenges. Among others, the
research for a ground truth in structural anatomy is definitely the most impressive, especially
considering the basic and conceptual consequences of that in assessing a reliable knowledge
of brain processing, clinics and plasticity. This is what the vast majority of the articles in this
Research Topic highlight by describing association WM pathways (Bao et al.; David et al.; Panesar
et al.), cortico-striatal Cacciola et al. and cortico-thalamic (Maffei et al.; Roddy et al.; Sun et al.)
projection pathways.

Many techniques are now available for the exploration of structural anatomy of human
WM. At macrostructural level, besides the millimetric and widespread power of resolution of
DWI, polarized light imaging (PLI, see in this Research Topic the report of Schmitz et al.) and
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polarization sensitive optical coherence tomography (PSOCT)
are emerging techniques with an unprecedented level of
accuracy in defining at micrometer resolution the structural
anatomy of WM in humans (Caspers and Axer, 2017). Even,
microdissection of fixated specimens (i.e., modified Klingler’s
preparation, Sarubbo et al., 2015b) experienced a renewed
interest in confirming previous evidences or re-defining course
and terminations of associative, commissural and projection
pathways in human and non-human primate brain (Sarubbo
et al., 2013, 2016, 2019; Fernandez-Miranda et al., 2015; De
Benedictis et al., 2016; Hau et al., 2016, 2017; Wang et al., 2016;
Maffei et al., 2018). Limitations and strength points of each of
these techniques allowed to partially reduce the technical gap
for clarifying and distinguishing among the open questions in
the field of human WM neuroanatomy. Nevertheless, no single
technique can be considered alone as fully reliable for a whole
and wide range study of brain connections.

In this scenario, the multimodal integration of evidences
provided by different techniques is the most reliable approach
for the investigation of the human connectome. Confirming the
reliability of the different approaches and integrating structural
and functional multimodal evidences, from both in- and ex-vivo
studies, provide more reliable data as well as some technical
and conceptual refinements of each approach. This virtuous loop
already allowed:

• to propose the existence of a new association bundle in the
human brain (David et al.);

• to integrate for the first time direct electrical WM stimulation
evidences with DWI tractography (Sarubbo et al., 2015a) for
exploring the functional organization of the complex human
speech articulatory network (Zaca et al., 2018);

• to obtain tractography reconstructions anatomically-driven
by the evidences provided by microdissection (De Benedictis
et al., 2016; Hau et al., 2016, 2017);

• the first extractions of quantitative data from microdissection
techniques, or the integration of these pure anatomical data
in a common radiological space with an unprecedented level
of definition due to photogrammetric 3D-models and post-
mortem MRI acquisition (De Benedictis et al., 2018).

Each of the 9 articles presented in this Research Topic is
fully in line with fascinating current debates on the definition,
organization, terminology, and conceptualization of the anatomy
of humanWM.
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