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Cross-Modal Plasticity Preserves Functional Specialization in Posterior Parietal Cortex
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In congenitally blind individuals, many regions of the brain that are
typically heavily involved in visual processing are recruited for a
variety of nonvisual sensory and cognitive tasks (Rauschecker
1995; Pascual-Leone et al. 2005). This phenomenon—cross-modal
plasticity—has been widely documented, but the principles that de-
termine where and how cross-modal changes occur remain poorly
understood (Bavelier and Neville 2002). Here, we evaluate the
hypothesis that cross-modal plasticity respects the type of compu-
tations performed by a region, even as it changes the modality of
the inputs over which they are carried out (Pascual-Leone and
Hamilton 2001). We compared the flVIRI signal in sighted and con-
genitally blind participants during proprioceptively guided reaching.
We show that parietooccipital reach-related regions retain their
functional role—encoding of the spatial position of the reach target
—even as the dominant modality in this region changes from visual
to nonvisual inputs. This suggests that the computational role of a
region, independently of the processing modality, codetermines its
potential cross-modal recruitment. Our findings demonstrate that
preservation of functional properties can serve as a guiding prin-
ciple for cross-modal plasticity even in visuomotor cortical regions,
i.e. beyond the early visual cortex and other traditional visual areas.

Keywords: congenital blindness, cross-modal plasticity, proprioceptively
guided reaching
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Figure 1. Experimental setup and behavioral task. (a) The response device used in
the experiment. The device consists of a board with target locations abbnd the starting
location marked with plastic half-spheres. The response device was strapped to the
lower torso of the subject. During the experiment, participants lay on their back in
the fMRI scanner, and could not see their hand while performing the required
reaching actions at the target locations. At the beginning of each trial, participants
had the index finger of their right hand resting at the target location. The target
location bnd the Type of Motor Act to be performed were indicated by an auditory
cue. The cue consisted of a vowel pronounced by a male or a female speaker. The
gender of the speaker indicated the Type of Motor Act (Point, Grasp), bnd each vowel
corresponded to one of the 5 different reach directions. (b) A schematic layout of the
target locations on the response device. Reach directions during test trials
represented different angular deviations from the adapted direction (—90, —45, 0,
+45, 4+90°). Note thaabt the vowels used as instructions followed the Chinese
alphabetical order from the left-most to the right-most (i.e. a, o, e, i, and u) target
location. (c) Participants performed a variable number of adaptation trials (pointing,
Reach Direction 0°), which were followed by a single test trial that differed in the
Reach Direction, the Type of Motor Act, or both. Note that for data analysis, only test
trials were considered.
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Figure 2. (a) Whole-brain RFX GLM contrast for the factor Reach Direction
(thresholded at FDR < 0.001), collapsed over Type of Motor Act and Group. IPS,
intraparietal sulcus; POS, parietooccipital sulcus. (b) Whole-brain RFX GLM contrast
for the interaction “Reach Direction x Type of Motor Act x Group,” thresholded at
FDR < 0.001. 10S, inferior occipital sulcus; 10G, inferior occipital gyrus; SOG, superior
occipital gyrus.
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Figure 3. Sensitivity to reach direction as a function of anatomical location in PPC. To investigate the spatial patterns of sensitivity to reach direction (independent of the type of
motor act) in PPC, we plot the T values from the random effects model of the contrast nonadapted motor act, Reach Direction +90, +45° >nonadapted motor act, Reach
Direction 0° for each group as a function of anatomical location. (a) We divide PPC and a portion of the superior occipital cortex into 2 large regions, labeled SPL (marked in blug)
and IPS (marked in red). Each of these regions is further subdivided into 13 smaller cells along the anterior—posterior axis, indicated by the shading on the color patches in the
figure. (b) We computed the mean T value from the above random effects model of all of the surface nodes included in each cell. For each cell, we then plotted the mean T
value as a function of the cell's position along the posterior—anterior axis. The congenitally blind exhibit systematically higher T values in posterior parietal and superior occipital
areas. This effect is particularly pronounced in the left hemisphere.
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