First publ.in: Nature391(1998),pp. 134-135 show that the somatosensory cortical repre-

sentation of the left hand of string players,
which engages in the complex and
demanding task of fingering the strings, is
expanded'. To test the hypothesis that
fusion of cortical representations is caused
by increased simultaneous stimulation’”,
we tested the somatotopic representations
of four blind Braille readers who used three
fingers (digits 2—4) of both hands simulta-
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Changed perceptions in
Braille readers

The mature mammalian nervous system
has a striking capacity for plastic remodel-
ling in response to environmental changes,
but little is known about the perceptual and
behavioural relevance of this phenomenon.
Using magnetic source imaging we show
that the cortical somatosensory representa-
tion of the fingers is topographically disor-
dered in blind Braille readers who use three
fingers on both hands to read. In addition,
they frequently misperceive which of these
fingers is being touched. This correlation is
suggestive of a functional role for cortical
reorganization in the perceptual experience
of these individuals.

The somatosensory cortical representa-
tion of fingers expands when the amount of
sensory input arriving in that part of the
brain is increased' ™. Indeed, we have previ-
ously used magnetic source imaging to
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neously for reading, and were instructors of
the method typically engaged in this prac-
tice for several hours a day. We also tested
six Braille readers who employed one finger
for reading, and five sighted non-Braille-
reading subjects. Magnetic source imaging
was used to determine the centre of cortical
magnetic responsivity to light tactile stimu-
lation of the finger tips (left and right D1,
D2 and D5) and right and left lower lip'.
There was a substantial enlargement of
the hand representation in the three-finger
Braille readers compared with the other
two groups (three-finger readers, 14 mmy;
one-finger readers, 8 mm; sighted, 7 mmy;
F,;,=16.6, P<0.001). The three-finger
readers also differed from sighted subjects
in the topographical arrangements of the
finger representations along the postcentral
gyrus (Fig. 1). In all sighted subjects the
expected homuncular  pattern  was
observed; D1 being inferior (lateral), D2
being more medial, and D5 being the most
superior (medial). In each of the three-fin-
ger Braille readers, this pattern was changed
in one or both hemispheres. Only one of
the one-finger Braille readers’ cortical
topography of finger representations was
disordered. These are significant differences
(P < 0.005, Fisher’s exact test, 2-tailed),
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Figure 1 Distances between centres of cortical responsivity: D1, thumb; D2, index finger; D5, little finger. Dis-
tances are displayed with reference to the D1 location, which is graphed at the zero-line. The inset shows
the centre of responsivity for D1, D2 and D5 superimposed on the brain of a sighted subject. X, Hemispheres
in which the homuncular organization of the cortical representations of the fingers was disordered; M, corti-
cal representation of hands in which the location of tactile stimulation was mislocalized.
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with the three-finger readers differing
significantly from the one-finger readers
(P <0.02) and sighted controls (P < 0.008),
whereas the latter groups were not signifi-
cantly different from one another.

Each of the three-finger readers had a
strong tendency to misidentify which finger
was being touched during tactile sensory
threshold determination, although there
was no difficulty in determining that one of
the fingers had been touched. In contrast,
none of the sighted subjects and only one of
the one-finger readers reported such diffi-
culties. Again these are significant differ-
ences (for the three groups, P <0.005;
three-finger against one-finger, P <0.02;
three-finger against sighted, P <0.008;
Fisher’s exact test, 2-tailed). Sensory thresh-
old testing was also conducted in five other
sighted individuals, none of whom had dif-
ficulty in localizing tactile stimuli.

A striking feature of the data was the co-
incidence between the digital topographic
disorder in the cerebral cortex and the mis-
localization of tactile stimulation of the fin-
gers. This relationship was significant when
the data from all individuals were pooled
(Fisher’s exact test, P=0.017). For the
three-finger Braille readers, the hand oppo-
site each of the hemispheres in which there
was disorder exhibited a corresponding tac-
tile mislocalization.

‘Smearing’ of the digital cortical repre-
sentation could be adaptive for Braille read-
ers who use three fingers in that it serves to
fuse input transmitted over different fin-
gers, so that the incoming information can
be processed as a whole. Thus, use-depen-
dent cortical reorganization can be associat-
ed with functionally relevant changes in the
perceptual capacity of the individual.
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