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Summary and conclusions
SI contributes signifi cantly higher amounts of corticopontine projections than 
MI. 

Whisker-related projections from SI and MI are largely segregated but 
occupied partly adjacent territories of the pontine nuclei.  

Projections from corresponding representations in SI and SII are to a larger 
degree co-located, with considerable spatial overlap of the terminal fi elds 
of labeling. 

Comparison of corticopontine and corticostriatal projections in the same 
experimental animals reveal that this SI-SII overlap is signifi cantly larger in 
the pontine nuclei than in the neostriatum. 

This larger opportunity for within modality integration in the pontine nuclei 
may facilitate transfer of information about selected behavioral states to the 
cerebellum.
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Accumulated data

Dot map and density maps showing the spatial distribution of whisker 
related pontine projection from MI (blue dots), SI (red dots) and SII 
(green dots). Data from all cases have been accumulated in the same 
standard pontine coordinate system. The distribution of high-density 
regions is different for MI versus SI and SII projections. Together, the 
high density regions form complementary parts of a ring-like volume.

Comparison corticopontine, corticostriatal and corticothalmic projections in 
the same animals (data from [5] and [8]. Corticopontine and corticostriatal 
overlap was normalized using corticothalmic overlap as benchmark. 
Asterisks indicate instances in which corticostriatal or corticopontine 
overlap were signifi cantly different from corticothalamic overlap for a given 
bin size (paired t-tests, * p < 0,05, ** p< 0.01). We fi nd a higher degree of 
SI-SII overlap, and a lower degree of SI-MI overlap, in the pontine nuclei 
as compared to the neostriatum. 

Regional comparison

Average overlap:

Introduction
The basal ganglia and the cerebellum are 
both part of large projection systems that 
originate in the cerebral cortex and return to 
the cortex via the thalamus. The presence 
of distinct topographic organization at 
multiple levels in these circuits has 
been interpreted to represent anatomically 
segregated pathways or ‘parallel circuits’. 
While segregation is prominent in these 
pathways, there is also evidence 
suggestive of integration within and across 
functional modalities. To resolve whether 
overlap occurs within and /or across 
modalities in the pontine nuclei (the fi rst 
link in the cerebro-cerebellar pathways), 
a dual tracing approach was used to 
map the spatial relationship between 
corticopontine projections originating in the 
primary somatosensory cortex (SI), the 
secondary somatosensory cortex (SII), and 
the primary motor cortex (MI). The ensuing 
results were compared with previously 
published data on corticostriatal projections 
in the same experimental animals.

3-D computerized dot maps

SI-MI example case: Image of midpontine transverse sections showing segregated 
FR and BDA labelled fi bres, and 3-D dot maps showing overall distribution of SI and 
MI corticopontine projections. The projection clusters are typically segregated, but 
frequently also adjacently located.

SI-MI:

SI-SII:

SI-SII example case: Image of midpontine transverse sections showing a region in 
which FR and BDA labelled fi bres are completely overlapping, and 3-D dot maps 
showing overall distribution of SI and MI corticopontine projections. The SI and SII 
projections are spatially closer and considerably more overlapping than SI and MI 
projections. 

Methods
Dual anterograde tracing and computerized 3-D reconstruction approach:

Individual whisker barrel representations were mapped 
electrophysiologically, and small amounts of the anterograde 
tracers BDA and FR where pressure injected into homologous 
whisker representations of either SI and SII or  SI and MI. 

The ensuing labeling in the  pontine nuclei was digitised 
semiquantitatively as a dot map (for method, see [6] 
with an image-combining computer microscope. Program 
Micro3D and other Java based software produced in our 
laboratory (www.nesys.uio.no) was used for computerized 3-D 
reconstruction, visualization, and analyses of the labeling 
patterns. 

Our standard coordinate system for the pontine nuclei was 
applied to each reonstruction as indicated in [7], and 
subsequently scaled to an average size to facilitated across-
experiment comparison. 

Map of mystacial vibrissae 
representations in MI, SI, and SII. 

Example of representative BDA and 
FR injection sites in SI and SII

Semiquantitative recording of labelled fi bre 
distribution as dots

3-D reconstruction of the pontine nuclei 
(blue), brain stem surface (gray) and 
peduncles (green) shown together with 
the standeard pontine coordinate system.

3-D shape and relationship of BDA (blue) and FR (red) labelled corticopontine 
projections, demonstrated by surface modelling (top) and overlap analysis with 35 
mm3 bins (middle and bottom). Bins containing 2 or more FR and BDA data points 
are considered to represent overlap (yellow bins). To see the stereo images the viewer 
must cross the eye axis and let the images merge. The dual injections in SI and SII 
produce more overlap than the dual injections in SI and MI. Average overlap in SI-SII 
cases (n = 8) was 11,24 (+/- 1.77) %, and in SI-MI cases (n=6) 0,87 (+/- 0,57) %

Overlap analysis

Overlap of corticopontine 
projections was by estimated 
by subdividing each section in 
to bins (in this example 35 
µm3), and counting the number 
of dots representing FR and 
BDA labelling in each bin. Bins 
containing 2 or more FR and 
BDA data points are considered 
to represent overlap (yellow bins). 
Total overlap is calculated as the 
sum of yellow bins divided by the 
sum of red, blue and yellow bins.  

SI-MI: SI-SII:

0,81 % overlap 10,73 % overlap

Method:

Cortico-subcortical circuitry
Simplifi ed diagram of cerebro-cerebellar 
(red) and basal ganglia (blue)circuits. 
Corticopontine and corticostriatal 
pathways represent the fi rst links in their 
respective pathways. 

Basal ganglia ‘parallel circuits’ 
Anatomical segregation of axonal 
projections has been demonstrated at 
multiple levels in basal ganglia circuitry 
[1]

There is, however, also evidence 
indicating within and across 
modality integration in the 
neostriatum

SI - corticostriatal projections partly 
overlap 
[2, 3]

MI, SI, and SII, corticostriatal 
projections partly overlap [4, 5]

Less is known about the anatomical 
substrate for integration in the 
cerebro-cerebellar system: 
We have therefore investigated the 
anatomic substrate for within and / 
or across modality integration in the  
pontine nuclei. 
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Comparison of cortico-subcortical re-entrant circuits 
through the cerebellum and basal ganglia in the rat: 
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