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Causal evidence for the multiple-demand brain network: it takes three to tango

We are grateful to Cornelius Weiller and Michel Rijntjes for raising crucial issues in cognitive neurology [START_REF] Weiller | Should concepts of brain functions be based on psychology or anatomy? An echo from Kurt Goldstein[END_REF] , which allowed us to better focus on some conclusions from our study [START_REF] Kaufmann | Joint impact on attention, alertness and inhibition of lesions at a frontal white matter crossroad[END_REF] . We fully agree with Weiller and Rijntjes that brain anatomy should be used as a "tool for developing concepts about the functions of the brain". However, a preliminary step, and a necessary one, is the observation of behavior. Only this step can allow researchers to establish (provisional) anatomo-functional relations, which can then be constrained and refined by further assessment of anatomy and behavior. Obviously, no conclusion about the relationship between anatomy and behavior can be made without either of the two. The anatomo-clinical method is at the basis of the time-honored tradition of inferring mental functions from the patterns of behavior of neurological patients, despite lesion-induced brain reorganization.

Weiller and Rijntjes also state that to develop our hypotheses on how brain anatomy affects function, we ought to rely on the standard brain and typical connectome. Indeed, our study built upon the work by John Duncan and others on the multiple-demand network in the neurotypical brain [START_REF] Woolgar | Fluid intelligence is supported by the multiple-demand system not the language system[END_REF] . By studying neurological patients, we contributed causal evidence to this model. Our results 2 suggest that different cognitive operations depend on the activity of a higher-order network, resulting from the interaction of lower-order collaborators. Importantly, our analysis took advantage of a probabilistic functional atlas obtained from >600 neurotypical brains.

As an additional step, we now provide a connectogram showing the fibers running through the two lesion clusters we observed (Fig. 1). The large majority of these fibers connect the following structures: (1) superior to inferior frontal gyrus (2) inferior frontal gyrus to insula (3) inferior parietal to the superior, middle and inferior frontal gyri. Only few connections, if any, terminated in the occipital lobe or in the temporal lobe. Thus, our new analysis provides further support for the main conclusion of our paper, namely that the crucial circuits involved in the two lesion clusters were those that are linked through three main white matter tracts: the second and third branches of the superior longitudinal fasciculus (SLF II and III), and the frontal aslant tract.

Weiller and Rijntjes 1 propose to consider a broad distinction between a dorsal and a ventral system, as delimited by the Sylvian fissure. A problematic note for this proposal is the existence of intermediate pathways, such as SLF III, which are not reducible to a simple ventral/dorsal dichotomy and suggest instead the existence of multiple parallel anatomofunctional systems in [START_REF] Rizzolatti | Two different streams form the dorsal visual system: anatomy and functions[END_REF] . It is widely agreed upon that separate cognitive functions emerge from the integrated functioning of distant brain areas, supported by long-range white matter tracts 5 . As a concrete example, our results 2 stress that some of the putative "functions" of the right temporal-parietal junction can be better understood as emerging from its integrated functioning in interaction with the ventrolateral prefrontal cortex, thanks to the preferential connection provided by the SLF III.

A C C E P T E D M A N U S C R I P T the ventral/dorsal dimension
Identifying anatomofunctional circuits on the basis of their long-range anatomical connections [START_REF] Bartolomeo | Hemispheric lateralization of attention processes in the human brain[END_REF] seems thus a promising approach to mutually constrain anatomical and functional models of cognitive operations, both for neurotypical persons, with their individual differences [START_REF] De Schotten | The emergent properties of the connected brain[END_REF] , and for neurological patients [START_REF] Bartolomeo | Left unilateral neglect as a disconnection syndrome[END_REF] . Specific patterns of white matter disconnection can also predict patients' cognitive evolution towards recovery or chronicity [START_REF] Lunven | White matter lesional predictors of chronic visual neglect: a longitudinal study[END_REF] , as well as their response to intervention e.g.9 . By extending these notions, our study 2 shows that lesions of critical white matter crossroads can produce specific associations of deficits, as predicted by the disconnection framework [START_REF] Bartolomeo | Left unilateral neglect as a disconnection syndrome[END_REF] .

Rather than placing the focus on Goldstein, whose conclusions were drawn from questionable evidence [START_REF] Goldenberg | s Case Schn.: A Classic Case in Neuropsychology?[END_REF] , we believe that Jules Dejerine and his wife Augusta Dejerine-Klumpke should be our historical heroes and role models. The Dejerines made a colossal endeavor to identify, delineate and characterize every long-range white matter tract of the human brain, and to relate specific patterns of damage to post-stroke cognitive deficits. It is now our responsibility to build on these foundations and continue to advance our knowledge of the anatomo-functional circuits in the neurotypical and lesioned brain.
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