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Curious cortical change 
Mike Galford 

A REPORT in Science by Pons et a/. 1, 
describing a massive reorganization in 
the somatosensory cortex of monkeys 
with long-term loss of all sensory nerves 
of the forelimbs, brings into question 
one of the basic concepts of neuro
science. That concept is the largely 
stable nature of the adult brain. Pons 
and colleagues demonstrate an increase 
in the extent of plasticity from a general
ly accepted and explicable 1-2 mm to an 
inexplicable 10-14 mm. 

Using electrophysiological recording, 
the authors mapped the expansion of the 
representation of nerve impulses from 
the lower face into cortex that would, 
but for severance of the forelimb sensory 
nerves at the dorsal roots (segments C2 
to T4), have represented the arm and 
hand. Although changes of this magni
tude have previously been described in 
developing animals, they have been 
attributed to, and depend upon, disrup-

tion of the normal processes of neural 
growth and development. The cessation 
of these processes defines the adult 
state. 

Before the appearance of the paper by 
Pons et al., the study of plasticity of 
cortical representations in adult mam
mals operated largely under a consensus. 
Different groups working on various spe
cies and representations agreed that the 
limit on plasticity seemed to correspond 
to the extent of thalamocortical axon 
arborizations - 1 to 2 mm across the 
cortical surface (for review see ref. 2). 
Thus, peripheral denervations that were 
represented by areas exceeding this 
limit, such as so laser lesions of the 
retina or amputation of two fingers, left 
some unresponsive cortex. Smaller de
nervations in somatosensory, visual or 
auditory modalities produced, in cortex 
studied some weeks later, an expansion 
of adjacent representations into the 

Supernova debris gets ahead of itself 

SoLVING a minor mystery of radio astronomy, on page 785 of this issue, D. A. Frail 
and S. R. Kulkarni suggest that the curious fan-shaped radio source G5.4-1.2 is 
the product of a supernova remnant that has overtaken itself. As can be seen from 
the radio map above, the object bears a striking resemblance to the result of a 
bullet passing through a sheet of material. The bullet in this case is the pulsar 
PSR1757-24, which is in the knot of emission at the right-hand end of the nebula. 
The sheet is a wall of gas and dust swept up from the interstellar medium by ejecta 
from a supernova explosion on an old, massive star. The pulsar, Frail and Kulkarni 
argue, was created in the same explosion and received such an enormous kick that 
it has now overtaken the expanding gas shell. From the current geometry of the 
shell and pulsar, it is possible to work out where both originated (far beyond the 
left of the image). Pulsars also bear a useful clock from which their age can be 
deduced - the rate at which their pulsations slow down. From this, Frail and 
Kulkarni show the pulsar to be only 16,000 years old, in which case it must have 
been born in a highly asymmetric supernova explosion that accelerated it up to a 
speed of over 2,000 km s-1, far faster than any other known pulsar. If so, it should 
be possible to see the pulsar's advance over the next few years. This would also 
explain why so few supernova remnants are now associated with a pulsar; the Crab 
nebula and pulsar, only 900 years old, make a notable exception. In the meantime, 
the entanglement of the young and vigorous pulsar's magnetic field and radiation 
with the nebula, expanding at only a slightly slower rate, gives radio astronomers 
another fine view. D 
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denervated area. The basis for these 
expansions appears to be the normal 
spread of input from the thalamus3 , and 
such inputs can be readily demonstrated 
by disruption of intracortical inhibition 
with pharmacologically active agents4

. 

Disinhibition resulting from a small de
nervation is almost immediate5, has a 
transitory bilateral component6 and is 
followed by a period of one or two 
weeks in which large receptive fields 
shrink through a process probably in
volving some form of synaptic plasticity7 . 

The resulting reorganized area of cortex, 
although remarkable, was not evidence 
enough to challenge the dogma that the 
adult central nervous system is basically 
static, for no neuronal growth was re
quired to explain the phenomenon. 

The new finding which upsets this 
consensus story comes from a partially 
unplanned experiment. The animals 
used were originally the research sub
jects of Edward Taub at the Institute for 
Behavioral Research in the United 
States. In 1981, they were seized by 
animal rights activists, resulting in a 
change of experimental plan and a 12-
year period between deafferentation 
(severance of the nerves) of one or both 
arms and the electrophysiological map
ping of somatosensory cortex. The role 
that the long period of denervation play
ed in the generation of the massive 
plasticity cannot be assessed because no 
comparable study has been undertaken 
following shorter periods of deafferenta
tion. It is also unlikely that any such 
study will be undertaken. The special
ized animal care would be prohibitively 
expensive for most laboratories and the 
risk of a confrontation with activists 
would be high. Further experiments to 
resolve the time-dependence of the pro
cess may have to rely on the study of 
injured animals (assuming that long-term 
amputees are also found to show massive 
reorganization in cortex). This is an 
important issue, because the formulation 
of a model to study significant long-term 
plasticity is one of the main aims of this 
area of research. 

No mechanism has been put forward 
to account for the phenomenon. Pons et 
al. suggest that subcortical relays may be 
involved; but although plasticity has 
been demonstrated at lower levels of the 
pathway8

, the scale of the changes can
not be accounted for, particularly since 
the expanded representation of the face 
is innervated through the trigeminal 
nerve whereas the deafferentated arm is 
innervated through the spinal cord. 
Work on the digit representation in the 
cortex of raccoons suggests, however, 
that connections between the many 
somatosensory fields in the cortex may 
provide an explanation. In concert with 
the development of dexterity, the rac
coon has evolved a greatly enlarged 
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