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The term plasticity is in a precaricus position. On the one hand
it is a popular term, catchy and modern, and used with gay abandon
in neurophysiology and neuropsychology. On the other hand its
meaning is becoming so vague and its usage so often obfuscating
thiat the discussanl al a conference on plasticily and recovery of
function could be “* pleased that the word ° plasticity ~ has occurred
so rarely at the meeting " (10) and in a chapter on the definition
of neural plasticity the writer could begin his summary by stating
that, * there is a very good reason to avoid the term * plasticity * 7' (21).

Can some order be imposed on the term ¥ I hope to show in this
short note that the basis for a restricted definition of neural plasticity
has long been available and that by applying the explicit and im-
plicil criteria of the delinition one may be able to re-establish the
usefulness and scientific status of ** neural plasticity ™.

The origin of the term is the stem of the Latin word plasticus
(that can be maoulded) and basically it refers to something that is
capable of being moulded, of receiving shape, of being brought to
a definite form. An obvious scientific use of the term is in physics
and cngincering and it also has a matural application in biology in
describing the same kinds of mechanical properties except with
reference to organic rather than inorganic materials. For instance,
before the fine structure of muscle contractile elements was un-
derstood, it was popular to refer to the plasticity of * actomyosin ™
filaments hecanse, unlike the sarcolemma, they appeared to lengthen
without exerting appreciable tension when the muscle was stretched
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(see e.g. 8, p. 122; 20, p. 93). When found in this context, plasticity
is often used in conjunction with the terms elasticity, distensibility
and viscosity, with the following standard definitions (20): 1) elasticity
is the tendency of a stressed material to return to the unstressed
condition; 2) distensibility is the property of a material which permits
extension, the greater the distensibility the less the elasticity; 3) plas-
ticity is the lack of a tendency Lo return to the unstressed condition;
that is, if a plastic material is deformed, it remains in this condilion
when the deforming stress is removed; 4) wiscosity is the resistance
to change of shape, an inherent property of some materials.

The figurative use of the term plasticity also has a long and
respectable history in biology as in the following passage from the
last of Sherrington’s Silliman Lectures: * Mere experience can, how-
gver, apart from reason, mould nervous reactions in so far as they
are plastic. The " bakmmng’ [facilitation] of a reflex exhibits this
faculty in germ. In the humble spheres ol nervous activity, such
as alone fall within the scope of these lectures, simple sensori-molor
experience seems to count for more than reason in the actual process
of acquiring new motor co-ordinations” (19, p. 392). The use of the
word plastic here is already somewhat removed from its application
in the physical scicnces since it is no longer a substance but a * reac-
tion "’ which is being moulded. It is also clear that Sherrington
had in mind something more than simply ** capable of being mould-
ed” in his use of the word since otherwise the sentence would
reduce to the unilluminating tautology, * nervous reactions can be
monlded in so far as they can be moulded ', but he leaves the reader
in ignorance as to whether he is using the term to refer to an abstract
capacity or to a mechanism, to an explanation for an ohserved change
or to an underlying physical process. In any case, the next sen-
tences in the passagc show that by plastic he was referring to a
property connected intimately with, if not actually underlying, the
capacity to learn.

Tf Sherrington was unclear as to the implications of the term
plastic in reference to nervous organization, many modern wrilers
have compounded the problem by being so unwilling to define or
limit the use of the term that it may now be used to tefer to vir-
tually amy long-lasting change in the nervous system which can
somehow be attributed to the intemal or external environment
(e.g. see 13; for an attempt to categorizc the different kinds of plas-
ticity, sce 2I1).
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An exception to this tendency toenlarge the set of plastic phenowm-
ena is Konorski (#6) who ooined the expression neural plasticity
but whose formmmlation of the term has largely been ignored. Konor-
ski consideved newral plasticity to be one of the two fundamental
properties of the cemtral nervous system in higher animals (the other
important propesty beimg “ reactivity '), and it was defined as the
capacity of the system to change its reactivity as the result
of successive activatioms. Im other words, neural plasticity consists
of a process responsible for and identified with learning and memory,
and by implicatiom s an adaptive response {o the constraints of the
environment. The commection with the term in the physical sciences
is not difficolt to trace: A stress (neural activation) is repeatedly
applied to a2 material (the nervous system) and as a consequence the
material undergoes a kasting or permanent modification (presumably

at the synapse). The only sigmificant departure from the common
usage in physacs is that the stress has to be applicd more than once

to have an effect, suggesting an aspect of *“ malleability .

The definitsom will bave to be updated to take into account
certain developments which Konorski may not have anticipated in
the late 1940’s. For example, given the fact of almost continuous
activity thromghowt mmch of the central nervous system most of
the time, the * activatsom ” which produces a change in reactivity
will aimost certaimly tem omt to consist of an interaction of par-
ticular temporal amd spatial factors rather than simply the trans-
mission of impulses fram one neuron to the next. Second, along
with successive activations, one would have to acknowledge thal
short-lasting decreases i the input to a cell, which one might call
successive absemces of activation and which would be due to inhibition
or the lack of farlitation at an earlier stage of the neiural circnit,
can themselves camy information and may therefore play a rcle in
changing the reactivity of the nervous system (e.g. see 15). Finally,
in using the expression suecessive activations, Konorski undoubtedly
had in mind Pavlovian conditioning, but the same neural modifica-
tions which occar with several pairings of stimuli and responses
could also be respomsible for the learning which is al or near
asymptotic level after a single trial, a situation which has been
useful in the shady of consolidation of learning.

When the terma newral plasticity is used in this limited way
(which was probably also Sherrington’s intention), some of the am-
biguity in present-day wsage can be resolved. Let us see some of
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the consequences of adopting Konorski’s definition in judging whether
an observed change should be attributed to neural plasticity or not.
There are two main classes of experimental conditions in which
plasticity is supposed to play a role: 1) studies during development
and maturation (adjustment to unusual rearing conditions or early
injury to the central nervous system}; and 2) studies during adulthood
(adjustment to a change in the environment or to central nervous
system damage late in life),

The first class of experimental conditions must be further divided
since it is unlikely that the underlying neural mechanisms are the
same in the cases of adjustment to the environment and in recovery
irom damage to the central nervous system. Concerning adjustments
to the environment, one of the most interesting and celebrated
examples ol an apparcnt change in reactivity implying neural plas-
ticity has been the biasing of receptive field characteristics of cells
in the visual cortex of kittens which have been exposed to an
unusual environment during early life {4, 12). Considered in the
light of Konorski’s use of the term, these effects would not be attrib-
uted to neural plasticity unless it could be demonstrated that they
were primarily due to an active redefinition of the adequate stimulus
for the cell and not just the selective maintenance of responses of
cells which would in any casc have been sensitive to the stimuli
present during the restricted visual experience {the selectional hypo-
thesis, see 12z, p. 525). Konorski’s limited use of the term neural
plasticity would not encompass a change in reactivity by virtue of
synaptic or neuronal degeneration due to the lack of appropriate
stimulation any more than one would speak of an adaptive response
in the case of a plant dying for lack of water. Of course, if it can
be shown that the receptive field characteristics of cells which would
normally nof have responded to the stimulation present during the
rearing period were able to modify their oricntation sensitivity by
up to goo and thus acquire a new adequate stimulus, then one could
argue that neural plasticily helped to bring about the final neural
organization (see 18).

The effects of central nervous system damage in infancy are
difficult to classify because it is still not known to what extent the
infant nervous system has undifferentiated (*' uncommitted ™) cor-
tical and sub-cortical areas, and it is correspendingly difficult to
devise a means for distinguishing betwcen dynamic adjustments to
damage and a sparing ol function due to the presence of functional
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aitesmatives which disappear or become suppressed in adulthood.
Astraightforward judgement can be made in some cases. For instance,
e of mervous elements into z deafferented area of nervous
‘thwsoe appears to follow rules which are independent of neural activa-
tiom and thus would fall cutside the scope of plastic phenomena (LT).

Snecessful adaplations to an unusual environment in the adult
animal are mostly found in Lhe sphere of adjustment to distorted
sensory input or long-term perceplual negative aftercfiects (see 7 for
a possible electrophysinlogical analogue in the cat). Adjustments
to a distorted sensori-motor loop would fit without difficulty within
Konorski's concept of neural plasticity, both because they suggest
an instance of adaptive learning in which errors (or perceptual mis-
matches, 14) are reduced through experience, and because they lend
themselves to an interpretation in terms of a functional remapping
of nenral connections. Some neural changes, perhaps plastic 1n
origin, have been seen in the organization of reccptive flelds of visual
cortex cells in adult cats (e.g. 7 mentioned above), and I mention
here a special case involving the effects of monocular paralytic stra-
bismus because the initial results may have to be reinterpreted in
the light of some new studies, Paralytic strabismus in the adult
cat has been found to reduce the number of binoecularly excitable
cells in the visual cortex (5) and this effect was interpreted as a plastic
change serving to reduce or eliminate double vision (6). A second
change, seen in different animals, was a apparcnt shift in the posi-
tion of receptive fields of binocularly driven cells such that single
vision might be expected at a certain distance from the animal’s
head despite the divergent axis of the paralized eye (2, 6). The first
effect, an exaggeration of monocular representation, has now been
seen to occur very quickly following the eye immobilization (g} and
to occur even if the animal docs not experience double vision (17).
Therefore the role of neural plasticity in bringing about the neural
organization is called into question. The sccond effect, a shift in the
position of receptive fields, appears to take much longer to develop
and it is still possible that it depends on a plastic process.

Cases of recovery of function following central nervous system
damage in adult subjects must be judged on their individual merits.
There has been a tendency to use plasticity as a blanket term to refer
to reorganization of the mervous system after injury regardless of
the mechanism responsible (1, 3; but see also 22). 1t seems probable
that once the temporary effects of such factors as diaschisis and
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edema have been eliminated, the behavioral improvement in most
cases will be seen as the substitution and refinement of different but
adequate response strategies rather than the establishment of a new
sensori-motor connectivity, and that in such cases neural plasticity
will be seen to play a complementary rather than leading role in the
recovery.

In this short note there has not been space to make more than
a cursory examination of a few behavioral and neural modifications
which are suppesed to involve neural plasticity. It should be possible,
however, by applying the criteria of Konorski's definition, to judge
whether an observed change may or may not be attributed to neural
plasticity. Certainly, one should refrain from using the term in-
discriminately to refer to virtually any change in neural organi-
zation, and the definition provided by Konorski some 30 years ago
can be used to create a distinct and usefnl category of phenomena
and will, perhaps, restore the term to a position ot scientific respecta-
bility in neurophysiology and neuropsychology.

REFERENCES

1. Bacu-v-Rita, P. Plasticity of the nervous system. I’p. 313-319. In
Zurce, K. J., Creurzrerpy, O. and GavusraiTd, G, C. (Eds.), Ceredrul
localization.  Berlin, Heidelberg, New York, Springer-Verlag, 1975.

2. BrrLuccHl, G, and Bucurer, H. A. Ancmalous retinal correspondence
in cats. Brain Kes., 49 505-500.

3. Betug, A Plastizitdt und Zentrenlehre, Handb. novm. path. Physiol.,
I4: II75-I1220, IQ31.

4. Braxemorg, C. and Coorrr, G. F. Development of the hrain depends
on the visual environment. Natwre, 228 477-478, 1970,

5. Bucwrrr, H. A, BrrrLuccHI, G. and MascuTTi, . G.  Mcdifications
in visual perception and learning following immobilization of one eye
in cats. Brain Res., 37 355-350, 1g72.

6. Bucater, H. A., BrrruccHi, G. and Mascurti, G. . Behavioural
and electrophysiological analysis of strabisinus in cals, Pp. z7-44.
In Vitar-Duraxn, F. and Jranxeron, M. (Eds.), Aspects of wnewral
plasticity,  Paris, ILN.SE.R.M., 1975.

7. CREUTZFELDT, O. D. and HEGGELUND, P. Neural plasticity in visual
cortex of adult cats after exposure to visual patterns. Science, 188§:
1025-1027, 1475.

8. Furton, |. F. (Ed.}) A Texthaok of Physiclogy. 16th Edition. T.ondon,
Saunders, 1949.

5. FrorexnTing, A and Marrri, L. Change of binccular properties of the
simple cells of the cortex in adult cats following immobilization of one
eye. Vision Res., T4: 217-218, 1074,

10. GEscawinp, N. Late changes in the nervous system: An overview.
Pp. 467-508. In Srteiw, 1. G., Rosen, J. J. and Burtexs, N. {Eds),
Plasticity and vecovery of function in the central wevnous system. london,
Academic Press, 1974.

11. HirscH, H. V. B, and ]Jacorson, M. The perfectible brain: Principles




T2.

13.

14.

16.

17.

18

19.

20,

21,

NEURAL PLASTICITY 247

of newronal development. Pp. 1o7-137. In GazzaNiga, M. S. and
Biaxemore, C. (Eds.), Handbook of Psychobiology. London, Academic
Press, 1975

Higsca, H. V. B. and SpiveLLs, D, N. Modification of the distribu-
tion of receptive field orientation in cats by scleclive visnal ¢xposure
during devdopment. Exp. Brain Res., 12: 509-527, IQ71.

Horw, G.. Rose, S. P. R. and Barssox, P T, G. Experience and
? it in the central mervous system. Science, I8IT 500-514, 1973.
To, M., SEmma, T, Yacr, N. and VaMmamoro, M. Visual influence
on rabbit horizontal vestibulo-ocular reflex presumably effected via
the cercbeltar floccutus. Brain Res., 651 170-174, 1671

. jasmm, H_ Riccr, G. K. and Doang, B. Pallerns of cortical neuronal

discharge during conditioned responses in the monkey. Fp. 277-290.
In WorsTEsmoLME, G. E. W. and O'Cornnor, C. M. {Eds.}, Neuynln-
gical basis of behariour. London, Churchill, 1658,

Konorswl, 1. Conmditigned reflexes and neuron ovganization. Cambridge,
Cambridge University Press, pp. XIV-207, 1u48.

Marre1, L. and FrorenTINI, A, Asymmetry of motility of the eyes
and change of binocular properties of cortical cclls in adult animals.
Brain Res.. ro35: 73-78, 1976

PermticREw, J. D, Orsox, C. and BarrLow, H. B, Kitten visual cortex:
Short term samalus-indnced changes in connectivity. Science, 7180 1202-
1203, I973-

Suererscrox, C. S. The inlegrative action of the mervous system. New
Haven, Yake Umiversity Press, pp. XVI-4IL, 1906.

Stacy, R. W.. Wnriaws, D. T, WorpEN, 12 E. and McMorrts, R. 0.
Esscutials of biological and medical physics. London, MeGraw Hill,
pp- XIV-586, 1955. ) . )
ViraL Domaxp, . Toward a definition of ueural plasticity : Theoretical
and practical himitations. Pp. 251-260. In VITAL-DURAND, T and
JeaxxEmop, M. (Eds.}, Aspects of Newral Plasticity. Paris, INSERM,

1973
WooLsEY, C. N. Discussion of paper, Plasticity of the nervouns sys-

tem™ P. 325 In ZTLcH, K. J. crruTzFELLY, O. and GALBRAITH,
G. C. (Eds.), Cerebral Localization. Berlin, Springer, 1973.

Avch, dal. Bik., 116: zgI-247, 198,



