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The Evolution of Prefrontal Inputs to
the Cortico-pontine System: Diffusion
Imaging Evidence from Macaque
Monkeys and Humans

The cortico-ponto-cerebellar system is one of the largest projec-
tion systems in the primate brain, but in the human brain the nature
of the information processing in this system remains elusive.
Determining the areas of the cerebral cortex which contribute
projections to this system will allow us to better understand
information processing within it. Information from the cerebral
cortex is conveyed to the cerebellum by topographically arranged
fibres in the cerebral peduncle — an important fibre system in
which all cortical outputs spatially converge on their way to the
cerebellum via the pontine nuclei. Little is known of their anatomical
organization in the human brain. New in vivo diffusion imaging and
probabilistic tractography methods now offer a way in which input
tracts in the cerebral peduncle can be characterized in detail. Here
we use these methods to contrast their organization in humans and
macaque monkeys. We confirm the dominant contribution of the
cortical motor areas to the macaque monkey cerebral peduncle.
However, we also present novel anatomical evidence for a relatively
large prefrontal contribution to the human cortico-ponto-cerebellar
system in the cerebral peduncle. These findings suggest the selec-
tive evolution of prefrontal inputs to the human cortico-ponto-
cerebellar system.
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Introduction

It has been suggested that the cortico-ponto-cerebellar system
is comprised of a set of parallel, closed-loop pathways in which
the cerebral cortex projects to the cerebellum via the cerebral
peduncle and the pontine nuclei, and in which the cerebellum
returns projections to the cortex via the thalamus (Middleton
and Strick, 2000). Two such loops have been particularly well
characterized in the macaque monkey. In the ‘motor loop’, the
primary motor cortex (BA4) and premotor cortex (BAG) project
to the dorsal part of the dentate nucleus (the largest of the
cerebellar nuclei) (Glickstein et al, 1985; Orioli and Strick,
1989). In non-human primates, motor areas of the cerebral
cortex form the principal cortical inputs to the ponto-cerebellar
system (Glickstein et al, 1985) and this system plays an
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important for the control of movement in humans and non-
human primates (Glickstein, 1993; Brodal and Bjaalie, 1997).

In the less prominent ‘prefrontal loop’, prefrontal projections
to the macaque monkey cerebellum arise mainly from area 9/46
in tissue dorsal to the upper bank of suicus principalis
(Glickstein et al, 1985; Schmahmann and Pandya, 1995; Kelly
and Strick, 2003) and project to ventral parts of the dentate
nucleus (Middleton and Strick, 1994, 1997, 2001). Indirect
evidence suggests that this specific pathway is much larger in
the human brain. First, the cerebellum and the prefrontal cortex
both have evolved rapidly relative to other brain structures
(Zilles et al., 1988, 1989; Finlay and Darlington, 1995; Rilling and
Insel, 1998). Second, the ventral dentate (recipient of prefrontal
inputs) has expanded much more than the dorsal dentate
(recipient of cortical motor inputs) (Dow, 1942; Matano,
2001; Kelly and Strick, 2003). The ‘Mosaic’ hypothesis of brain
evolution (Barton and Harvey, 2000) suggests that selectional
pressures act on interconnected brain systems as a whole. Thus,
there should also have been a parallel expansion of the path-
ways linking the cerebellum and the prefrontal cortex.

A direct test of this hypothesis can come from evaluating the
relative contributions of prefrontal and motor loops to cortico-
pontine fibres in the cerebral peduncle in both humans and
non-human primates. Diffusion tensor magnetic resonance
imaging (DT-MRI) has made it possible to conduct in vivo
investigations of white matter projections in the brain. Fibre
trajectories have been defined from origin to termination
(Behrens et al, 2003ab) that agree well with conventional
anatomical methods (Johansen-Berg et al, 2004, 2005).

We used DT-MRI tractography to assess the relative contri-
butions of seven cerebral cortical areas to fibres in the cerebral
peduncle in nine humans and two macaque monkeys, and
compared the relative contribution of prefrontal and motor
projections in the cortico-pontine system in the same brains in
both species using the same methods.

Degeneration studies suggest a well-organized topography of
fibres in the cerebral peduncle (Beck, 1950; Marin et al., 1962;
Schultz et al, 1976). We therefore predicted that our tracto-
graphic methods would segment the cerebral peduncle into
topographically arranged fibre groups on the basis of their
























