Infernational
~ Journal of

eurology




INTERNATIONAL
JOURNAL OF NEUROLOGY

CONTENTS OF VOL. 5 — NUMBER 3-4:

CHAIRMANS ADDRESS ....vus i s cusmniana 3 posomase s ¢ caans 235

JOHN FULTON. AND THE FRONTAL LOBES :c:uuiesns oiswswns 239
by Paul C. Bucy.

THE ARCHITECTURE OF THE HUMAN FRONTAL LOBES AND THE

RELATION TO ITS FUNCTIONAL DIFFERENTIATION . ......... 247
by Friedrich Sanides.
THE FROMTAL EYE FIELD OF THE MOWMNKEY ..:poevunsssanns 262

Dr. J. M. Brucher.

THE FRONTAL LOBES AND THEIR FUNCTION: FURTHER

OBSERVATIONS ON RODENTS, CARNIVORES, SUBHUMAN

PRIMATES, AND MAN o v eam i aeim-emiomee e s 282
Hans-Lukas Teuber.

EXTRAPYRAMIDAL MOTOR AREAS OF CAT'S FRONTAL LOBE:

THEIR FUNCTIONAL AND ARCHITECTONIC DIFFERENTIATION .. 301
R. Hassler.

THALAMIC AFFERENTS TO THE FRONTAL LOBE OF THE MACAQUE 317
by Wendell J. S. Krieg.

THE SUPPLEMENTARY MOTOR AREA IN MAN ............. 330
J. Talairach and J. Bancaud.

ANALYSIS OF SODIUM AMYTAL EFFECTS ON FRONTAL LOBE-

SUBCORTICAL IMTERRELATIONS ;s i ccvsnins sivasaiesissisa 348
Robert G. Heath and Gary C. Galbraith.

TROUBLES SENSITIFS ET SENSORIELS AU COURS DES

LESIOMS PREFROBTALES: .o snmen vaps smminan e 68 50 wnid sy @y 358
Dr. Robert Messimy.
L’AGRAPHIE SECONDAIRE AUX LESIONS DU LOBE FRONTAL ... 381

par H. Hécaen et R. Angelergues.
PSYCHOLOGICAL DEFICITS ASSOCIATED WITH FRONTAL

LOBE LESIOMNE. ¢ iooams wpn o os oieeis 55 455 D o S50 R &% § 9% 395
O. L. Zangwill.

SOME EARLY AND TRANSIENT CHANGES IN PSYCHOLOGICAL

FUNCTION FOLLOWING ANTERIOR CINGULECTOMY IN MAN .. 403

C. W. M. Whitty.
DIFFERENT PSYCHOLOGICAL CONSEQUENCES DUE TO SUPERIOR

FRONTAL AND ORBITO-BASAL LESIONS .......couvwieesoias 410
Cl. Faust.

PRE-FRONTAL LOBE EPILEPSY ..o s cumsins s s s s o s 422
by A. Earl Walker.

BILATERAL DEFECT OF FRONTAL AND ORBITAL LOBES ....... 430

C. Arseni, M. |. Botez, Sen Alexandru, M. D. Simionescu.
CASE OF DISTURBED MUSIC EXPRESSION AFTER SEVERE
BRAIN INIURY" . .. ccmame b s v abilimt s & 5 dongmi 5 5 # i s 3 & 442
by Kornelius Kryspin Exner and Klara Weingarten.




Chairman’s Address

Vol

H]

It is for us a privilege and an honour to welcome all of you to the
Second Symposium of the Fulton Society on Frontal Lobe.

This is a new tribute to the memory of a man who has been for many
of us a true friend., and whose stimulating personality has been a source
of inspiration in our endeavours.

Our Society gathers in its midst outstanding scientists from different parts
of the world. who have been, in different epochs, visiting investigators at the
Yale lab. All of us keep a happy souvenir of our association with John:
and his enthusiasm, friendliness and boundless energy have left in all of us
an imperishable impression.

And now in this meeting outstanding scientists from France, Germany,
England. Belgium, the United States, and Austria give this reunion an in-
ternational flavour that is in accordance with our society’s motto “Fraternity
through Science”. We are guests in a wonderful eity: Vienna. So full of re-
miniscent splendor. The gates of nostalgia are fully open when one enters
the magnificent palaces and scems to hear the echoes of old romantic Vienna.

From the ceilings, the mythological frescoes scem to gaze at fantoms of
the past in the empty rooms. The whirling dancers, the brilliant uniforms
and the glittering chandelliers, the servants in livery. ..

All this permeated the immortal spirit of musical Vienna. The murmur
ol the forest, the rhythm of the flowing Danube, the trills of the birds,
the laugh of the children, all was captured by the poetic genius of its mu-
sicians Haydn. Mozart. Strauss, Mahler. ..

Science also has a great tradition in this country that has given its geniuses
as Mendel, Boltzman, Doppler. Meitner to the world.

Neuropsychiatry owes to the Austrian school brilliant minds like Meynert.
Schilder, Wagner. Jauregg, Freud. Economo. Potzl and others.

And today this torch of enlightenment is in good hands. Our host Prof.
Hoff, whom we thank for his kind hospitality. embodies in the present, along
with outstanding specialists to whom we render homage in his person, the
magnificent reality of to-day’s neurology.

Frontal Lobe was chosen as the topic of this Symposium because studies
carried on in Dr. Fulton’s Laboratory culminated in the opening of a new
road to psychosurgery, and to the understanding of this priceless possession
of man, the site of higher intellect and the one that gives him the sceptre
among the species that populate the earth.

Only man among all the species that share the earth has the faculty of
autoperception. This is the landmark that separates the lower organisms from
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the Homo Sapiens. This wasn’t a gift, but a conquest that began in the long
night of prehistory, and it is recorded in the evolution of the brain, specially
in that portion in which the noble features of the mind reside: The Frontal
Lobe.

Making an effort to visualize its advent and lifting the nebulous curtain
of milleniums we can see emerging from the deep shadows of the remotest
past an ape-like creature, thrown upon his own resources, forced to solve the
most complex riddles to survive.

“Necessity is the mother of invention”, says the aphorism, and the Pithe-
cantropus or Java man of our evocation began the greatest conquest of ex-
pansion: that of his own brain. That was the first step toward humanity.

Increasing steadily his powers of adaptive reasoning, he widened the scope
of his experience; he began to use his right hand and, as his inferior frontal
convolution denotes. he had learned to make use of sound to communicate
in verbal speech.

He used his hands as tools, giving predominance to the right one.

Studies performed on casts from his skull denote that there was a pro-
minence of the inferior convolution of the frontal lobe, which leads to the
conclusion that he had the motor resources which allowed him to invent
verbal communication and to add to his conquests the supreme one of speech.
even if this was a rudimentary one. His frontal lobe, with all the limitations
of a recent morphological acquisition, indicates that his brain had made a
definitive progress in his psychic powers, making room for such important
human features as unidexterity, and language which helped to develop reason.
He was the first one to elevate his trunk to the dignity of the erect position.
Other areas of his brain also expanded to aid his added faculties. These came
from the need for better vision to control his hands and to direct his efforts.
for better hearing to detect the different inflections that make speech a source
of communication. And thus the Java Man advanced toward future, in his
erect position, migrating, exploring, learning, exercising this power of selec-
tion and judgement.

The dark night of irrationality was slowly receding in the chill pallor
of Dawn and the Dawn Man followed the Java Man. even if the full day
of human reasoning was far from coming. Vestiges of the beast were still
impressed in his features and in the fan-like character of his canine teeth.
This stigma is also found in the Rhodesian man, and the Heidelberg jaw
shows that ape features still persisted.

Even the Neanderthal Man bore capaciuos orbits, heavy supraorbital torus.
low receding brow, broad anterior narial openings which gave him a gorilla
appearance. In spite of his brute-like aspect his brain is not altogether in
accord with this low estimate of him. His brain was larger than that of
modern man and he had made definitive advacement in many aspects. It
was not Prometheus who gave the command of fire to man but this humble
ancestor to our race. A flint worker and skilled artisan, a hunter, dwelling
in the earth for almost 200.000 years. He had many of the higher attributes
of man, but something failed to develop in his frontal lobe. His brain was
distinctly flat even if in all its major divisions it showed expansions above
that of the Java and Dawn. One important aspect of his frontal lobe is the
prominence of the inferior frontal left convolution: in it could be recognized
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the pars orbitalis, the pars triangularis, and the pars basalis that are found
in Broca’s area of Homo Sapiens in a far more complex way than in the
Java and Dawn man.

He had demonstrated the use of psychic powers in mastering his en-
vironment, contesting successfully with the beasts, making use of speech in
communal living, burying the dead with some ceremony that speaks of some
religious feeling. But his frontal lobe failed to attain in his long permanence
on ecarth the human standards, and another race which did it came and
he was unable to cope with them, and disappeared.

The Cromagnons arrived and the breath of spirituality was really blown
into their nostrils. They were not only masters of their environment, but
were also creators. The long cxp('rim('ntal process was coming to its end.
Man was approaching his final form. The simian features were erased from
his face and body. He was not only beautified but he developed esthetic
feelings that found expression in the decoration of his dwellings, in creating
ornates, in making statuettes. Thus he painted the roof and mural of his
cave, carved ivory, horn and stones, and the artistic vein of his creative mind
[ound outlet also in the dance and music even though their musical instru-
ments were very crude.

Life provided him experience not only to survive but to enjoy living,
understanding and transforming his environment. And with the enjoyment
of artistic beauty, poetry entered into the scope of human mind before being
captured into words,

It was a real feat of Man and Nature, in close relationship acting and
reacting one upon the other. His brain had lost the marks of inferiority of
the lower races, and resembled in the finesse of its structural details the
final advancement of the human brain.

The parietal. temporal and occipital lobes increased their propor-
tions, surpassing all previous features of earlier man. But the real secret of
his superiority lay in his frontal portion, in which are conjugated all the
highly skilled characteristics of the different areas to assume the forms of
behaviour. A long journey from darkness to light was performed thanks to
the brain’s most important feature: its plasticity. And the hope of modern
man in achieving higher gains for humanity lays in the same foundation.
The human mind is always in the making. As Dewey affirms “not perfection
as a final goal, but the ever enduring process of perfecting, maturing, refining,
is the aim of living”. ..

And thus the brain still marches on, in the pursuit of new horizons,
on the earth, in the seca, in the sky, and is still far away from the com-
prehension of its own nature.

The third eye of Siva the hindu Deity is placed on the frontal region.
While one eye looks into the future and the other into the past. this third
eye will look to some trascendental reality of immanent truth.

Doubtless man’s frontal lobe has done so in its capacity of abstract
thinking, in its creative effort to look forward, to foresee, to correct, to
complete, and to solve the gift of the third eye of Siva.

Once more explorers of science confront from different angles nature’s
highest creation: the human brain.
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They came not only from different lands but also from different realms
of the neurological sciences. The neuroanatomist, neurophysiologist. neuro-
logist. neurosurgeon. psychologist and psychiatrist bring here the fruits of
their endeavours. They are merchants of light. They do not trade but ex-
change.

Their methods are also unlike. One faces the brain with the microscope,
following the lace-like structure of colored neurons. And in this selvatic or-
canization he tries to catch the singing bird of the mind. lost somewhere
in the forest of neurons. Others work on the living matter, stimulating, cutting,
recording the flashing functions witnessed by computers that control the brain.

Others operate on it and elicit thinking and behaviour with stimulating
clectrodes, like neurologists who use a hammer to elicit reflexes.

There are others who with pin-point exactness criss-cross the brain with
needles that extract accurate references about the point of insertion. Injections
of drugs plus recording, plus the psychological studies of the patient bring
valuable information about the chemical influences on the brain and the
resulting changes in man’s personality. And thus analyzed. cut, frozen. in
action. drugged. stimulated. recorded. computer controlled. remain the mys-
teries of the mysteries. Sherrington’s enchanted loom on which mind, the
greatest of nature’s adventures, plavs its undecipherable patterns.

VICTOR SORIANO.
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John Fulton and the Frontal Lobes’

by PAUL C. BUCY

Professor of Surgery, Northwestern University Medical School, and
Head of the Section on Neurological Surgery. Chief of the Section
on Neurological Surgery, Chicago Wesley Memorial Hospital.

John F. Fulton must be credited with
having stimulated the resurgence of interest
in the frontal lobe. He, working with Car-
lyle Jacobsen, demonstrated that destruction
of the frontal lobes anterior to the pre-
central motor cortex —the so-called pre-
frontal area— produced a characteristic alte-
ration in the animal’s behavior. Among the
changes observed were an increase in motor
activity, a loss of recent memory and the
development of an indifference to the
animal’s difficulties in the performance of
certain tests and to errors in their perfor-
mance. This last observation, reported at
the International Neurological Congress in
London, led directly to the development
of prefrontal lobotomy in man. In the years
since this occurred prefrontal lobotomy,
which once was a commonly used thera-
peutic neurosurgical procedure in some
patients with psychiatric and neurotic be-
havior, has been less frequently used. There
are many reasons why this is true, including
the extensive developments in psychophar-
macology which have taken place. Yet the
fact remains that Fulton and his collabo-
rators established the fact that destruction
of the anterior parts of the frontal lobes
does result in certain specific and distinct
alterations in behavior. These facts have
been substantiated and clarified by many
other observers since. They provide a sound
basis for the further study of the relation-
ship of the frontal lobes and other parts
of the brain to behavior in man and other
animals.

Vol. 5., — Number 3-4. — 1965

During this same period Fulton and his
co-workers conducted extensive research as
to the structure, connections and functions
of the precentral region or posterior part
of the frontal lobe. Years before Sherring-
ton, Horsley, Holmes and Page May and
others had conducted investigations on the
precentral region both in man and animals.
That this area in primates (and the corres-
ponding sigmoid gyrus in carnivors) is
that part of the cerebral cortex most con-
cerned with the activity of the skeletal
musculature, had been firmly established.
But our knowledge of the organization
and nature of the control exerted by the
precentral area was most elementary and
inadequate. In addition many erroneous
concepts had become firmly established in
neurological thinking. Among these were
the ideas that there were two independent
neurological systems concerned with mus-
cular activity — the pyramidal and the
extrapyramidal. It was believed that the
pyramidal tract arose exclusively from the
gigantic Betz cells of the precentral gyrus
and was the sole pathway by which the
precentral cortex exercised control over the
skeletal musculature, that only the pre-
central cortex and the pyramidal tract were
responsible for voluntary muscular activity

* Aided by Grant N NB-02745 from the
National Institute of Neurological Diseases
and Blindness of the U.S. Public Health
Service and by Project N° 17-115 from the
Illinois State Psychiatric Training and Re-
search Authority.
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in man and that destruction of the pyra-
midal tract or the precentral motor cortex
resulted in the development of a “pyra-
midal” syndrome characterized by spastic
paralysis of the contralateral extremities,
increase in the tendon reflexes, absence of
the abdominal reflexes, and the appearance
of the sign of Babinski. The extrapyramidal
system was regarded as an independent
neural mechanism unrelated to and not
connected with the precentral cortex. It
was supposed to have as its controlling
cerebral center the basal ganglia — the
globus pallidus, putamen and caudate
nucleus. How this extrapyramidal system
functioned, what it did in the normal
intact animal, how it was connected with
the anterior horn cells of the spinal cord
and in turn with the skeletal musculature
was a mystery. An even greater mystery
was how two completely independent
neural mechanisms unconnected and un-
related could control the skeletal muscu-
lature simultaneously without producing
complete chaos. It was generally believed
that although the extrapyramidal system
playea little part in normal muscular
activity, lesions of it resulted in muscular
rigidity (a state regarded as entirely se-
parate from spasticity), a paucity of the
more spontaneous muscular movements and
the development of abnormal involuntary
movements. How these clinical conditions
were brought about was completely un-
known. Another erroneous concept com-
mon at that time was that vegetative vis-
ceral and vasomotor phenomena were con-
trolled exclusively by subcortical mecha-
nisms in the diencephalon and brain stem
and were completely beyond the control
of the cerebral cortex.

It 1s difficult today to realize that a
short time ago this state of irrational ig-
norance existed and even more difficult to
understand why much of this nonsense is
still reflected in various publications even
at the present time. It was into the period
when these ideas were accepted with little
question that John Fulton directed his keen
intellect toward some of these problems.
That John Fulton did not solve all of them

240 ~

is not surprising but he did open the in-
vestigative door which has led to a much
sounder understanding of the relations of
the frontal lobes to normal and pathological
activity., He did bring neurological sur-
geons, neurologists and neurophysiologists
closer together. He caused neurologists and
neurosurgeons to realize the importance of
a fuller knowledge of neurophysiology to
proper understanding of their clinical pro-
blems and to the optimum practice of their
specialties. He brought the clinician into his
laboratories. He taught them investigative
techniques. He engendered in them a
critical and skeptical attitude toward the
reported results of research. He taught
them to ask, in the words of that great
physiologist, A. J. Carlson, “what is the
evidence?”. He accomplished much for the
physiologist also. He related them to the
clinic. He pointed out that they could not
be fully effective if they concentrated their
attention solely upon the laboratory and
the experimental animal. He reminded
them that man is an animal too; that the
basic purpose of most neurophysiological
research is the understanding of man and
his diseases; but that experimental obser-
vation true for laboratory animals must be
confirmed for man before they can be
accepted as true for man.

Fulton was one of the first to point out
that the muscular paralysis resulting from
the destruction of the precentral cortex is
not necessarily associated with spasticity
and that muscular paralysis and muscular
spasticity result from destruction of dif-
ferent neural mechanisms. The details of
these mechanisms, as far as we now know
them, have been worked out largely by
others — some of them Fulton’s collabo-
rators and students — but it was Fulton
who gave the initial impetus to our modern
understanding of neuromuscular control.
Von Bechterew, years before, had pointed
out the relationship of the cerebral cortex
to visceral and vasomotor activity but his
observations had largely been ignored and
forgotten. It was Fulton and his associates
who again pointed out this relationship
and stimulated the research which has

Vol. 5. — Number 3-4. 1965,
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followed regarding the relationship of the
cerebral cortex to blood pressure, cardiac
activity, vasomotor phenomena, gastro-in-
testinal activity, etc., etc.

Neurologists have been heard to say
that the work of Fulton was of little im-
portance because none of it has remained.
This, of course, is not true. Fulton, more
than any other American, is responsible for
the development of modern neurophysio-
logy. It was he who laid the ground work
upon which more recent research has been
built. He has introduced new concepts
which have revolutionized neurological
thinking. He trained and stimulated many
of the investigators who subsequently have
further illuminated these problems.

The understanding of the neural control
of the skeletal musculature has developed
directly out of the ideas and the research
of John Fulton. It has not stopped with
his investigations, neither is it complete
at this time. Great changes in our think-
ing and understanding have taken place.
Terminology has changed. That we no
longer speak of motor and pre-motor cor-
tices, that the idea of an area 4 and an
area 6 serving two different motor func-
tions has been discarded do not mean that
Fulton was wrong, but merely that he had
an incomplete and imperfect concept. At
that time all of the evidence now available
was not available to him. As in any
developing field ideas change, some are
discarded. We are building now upon the
work and ideas of Fulton and it is to be
anticipated that some, perhaps much, of
what we now believe will subsequently be
altered or discarded as more is learned.

At present our understanding of the
neural mechanism which controls move-
ment may be summarized as follows:

It is now recognized that the neural
mechanism is a single complex system all
parts of which are related to all others.
Fundamental control of this neural me-
chanism resides in the precentral motor
cortex in primates. However, for a thorough
understanding of the mechanism in primates
it must be recognized that the development
of this cerebral cortical control has been an
Vol. 5.

— Number 3-4. — 1065.

evolutionary one, and that as a result when
tor any reason the cortical portion of the
mechanism fails the more primitive sub-
cortical portions are capable of taking
over, although in an inadequate fashion.
In birds there is no cerebral cortex and
control of their well coodinated, skillful
movements is exercised by a neural gan-
glionic system comparable to the subcor-
tical mechanism of the primate brain. In
the carnivors, cat and dog, a cerebral cortex
has developed and it contains a “motor
area”, comparable in some respects to the
precentral motor cortex of primates. How-
ever, in the cat and dog this “motor area”
is of far less importance than in primates.
It responds to electrical stimulation by
the production of movements in the skeletal
musculature, as in primates, but its des-
truction does not produce anywhere near
the impairment of function that is seen
when the precentral motor cortex is des-
troyed in man or monkey. In fact the des-
truction of the “motor area”, the sigmoid
gyrus, in the cat (or even of the entire ce-
rebral cortex) does not paralyze the animal,
although it does abolish certain reflex
activities, A cat deprived of its cerebral
cortex can still sit, stand, walk and run
much like a normal animal. In primates,
on the other hand, destruction of the ce-
rebral cortex, or even of the precentral
motor cortex alone results in a severe im-
pairment of motor performance. Even here
a continuation of the evolutionary process
is obvious. As Travis and Woolsey have
shown, if the cerebral cortex is destroyed
piecemeal over a considerable period of
time and if the animal is given intensive
care including almost continuous daily phy-
sical therapy a limited amount of awkward,
stereotyped, but useful movement can be
produced by the subcortical portion of the
motor system alone. In man the precentral
motor cortex has assumed a greater domi-
nance and importance. Unfortunately, des-
truction of the precentral motor cortex in
man results in a much more severe, though
not complete, paralysis even though in-
tensive care is given to the patient. In man
such a destruction results in a practically
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complete paralysis of the distal parts of
the contralateral extremities, the hand and
fingers, foot and toes. This renders the
upper extremity useless but most people
with such an involvement are able to walk
on the zffected leg. For obvious reasons
no one has ever observed the results of
a complete cerebral decortication in man
as has been done in monkeys.

The neural motor system is an intricate
one which includes the cerebral cortex, the
basal ganglia (globus pallidus, putamen
and caudate nucleus) the diencephalon, the
brain stem, the cerebellum and the spinal
cord. No one of these parts functions alone
or independently. At the present time our
understanding of the many intricacies of
this extremely complex system is still very
rudimentary. I have been concerned, pri-
marily, with the cerebral portion of this
mechanism in primates and will attempt
to outline our present understanding of it.
This does not imply that the brain stem,
the cerebellum and the spinal cord are any
less important as all are essential parts of
this mechanism.

The concept that the precentral motor
cortex is divisible into two parts, a “motor
area’” (area 4) and a “premotor area” (area
6) is obviously false. But, the basic concept
which was behind this idea of Fulton’s
that the precentral motor cortex controls
both the pyramidal and extrapyramidal
portions of the motor system is sound. It
is now obvious that both the pyramidal
and extrapyramidal portions are represented
co - extensively in the precentral motor
cortex .The pyramidal is not represented
exclusively in area 4 and the extrapyramidal
in area 6. In fact it is doubtful if any
useful purpose is served in subdividing the
precentral motor cortex into different areas
even though such subdivision finds support
in the microscopic appearance of the pre-
central motor cortex. It is now well es-
tablished that the pyramidal tract arises
from both areas 4 and 6 (as well as from
the parietal cortex), and that both areas
4 and 6 give rise to descending fibers
which pass to and control extrapyramidal
subcortical structures in the basal ganglia,
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brain stem and cerebellum. In the intact
animal these various components of the
neural motor mechanism function together
and simultaneously in a well coordinated
fashion but, as will be pointed out below,
when the pyramidal system is destroyed
the remainder is capable of taking over
and functioning in a useful but not perfect
manner.

There can be no question now but that
the precentral motor cortex is intimately
concerned with the activities of the extra-
pyramidal system and that the latter is not
an independent neural mechanism. Al-
though it does function alone in birds and
can function admirably when deprived of
the cerebral cortex in cats it has lost the
ability to function adequately in primates
when deprived of the cerebral cortex. On
the other hand, this old independence of
the extrapyramidal system serves it well in
primates, and enables it to function effec-
tively when the pyramidal tract is des-
troyed in these higher forms.

Neurology suffers seriously under the
handicap of various erroneous misconcep-
tions which have grown up within its
body of knowledge. These have arisen
from inadequate and incomplete informa-
tion, from the transfer of information
obtained from lower animal forms (cat,
dog, rabbit and at times monkey) which
is not true for man and at times from
“delusions by the obvious”, as I have
pointed out elsewhere. Observation and
experimentation upon man are difficult.
Prolonged observation under ideal experi-
mental conditions, anatomical control, and
repetition of observation so essential to
accurate conclusions are often difficult or
impossible to obtain in man, but this does
not make them any less essential for ac-
curate interpretation in man. One of the
most serious misconceptions which has
developed is that concerning the pyramidal
tract. Until recently, and unfortunately
still in some quarters, it has been believed
that the pyramidal tract arises solely from
the precentral gyrus and predominantly or
exclusively from the gigantic cells of Betz
to be found in that gyrus; that the py-
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ramidal tract is the only descending fiber
system from the precentral motor cortex
which is concerned with the activity of the
skeletal musculature; that the pyramidal
tract is concerned only with motor activity;
and that destruction of the pyramidal tract
results in a group of manifestations which
have come to be known as the “pyramidal
syndrome” (spastic paralysis, increase in
the tendon reflexes, abolition of the ab-
dominal reflexes and the sign of Babinski).
These concepts, still to be found in many
textbooks, in the minds of many neurolo-
gists, and still taught to many medical
students, are wrong.

The pyramidal tract arises both from the
precentral motor cortex (both areas 4 and
6) and from the parietal cortex as well.
In fact there is good evidence that only
60 9% arise from the precentral region and
40 9% from the parietal cortex. The Betz
cells give rise to only a very small per-
centage of the pyramidal -fibers, probably
no more than 3 or 4 9%. The pyramidal
tract is only a part of the descending fiber
system from the precentral motor cortex
which is concerned with the production of
movement. The fibers to various subcortical
centers are also so concerned.

We have a fairly good knowledge of
the course and activity of the descending
fibers and the mechanism concerned with
the reflex activity of these muscles but
even that is not complete. We know of
the fibers from the precentral motor cortex
to the reticular formation of the brain
stem and of the control of that formation
over the reflex activities of the spinal cord
and of the skeletal musculature. We know
that when this system is interrupted either
in the cortex or the internal capsule or
the brain stem or the spinal cord, spasticity
-and -reflex hyperactivity result, and that
the pyramidal tract has little or nothing
to do with this reflex activity. But even
this information is incomplete. One of the
great gaps in our knowledge concerning
reflex activity has to do with the abdominal
reflexes. We know only that in many pa-
tients when some impairment of the des-
cending motor neural system (especially in
Vol, 5, —

Number. 3-4, — 1965

the spinal cord) occurs, and particularly
when some paresis of the muscles, spasticity
and hyperactive reflexes are present, the
abdominal reflexes are often absent — but
not always. It is now well established that
many patients who have spastic paralysis
do not lose their abdominal reflexes and
that impairment of muscular function by
cerebral cortical lesions seldom affects the
abdominal reflexes. But we do not know
the neural mechanism responsible for the
control of the abdominal reflexes, nor the
specific lesion or lesions which will abolish
them.

We now know that the pyramidal tract
1s not the sole descending pathway con-
cerned with motor activity, even though
there is definite evidence that it is an im-
portant one. It is now well established
that in both man and monkey the pyra-
midal tract can be destroyed without pro-
ducing a complete paralysis or spasticity or
increased tendon reflexes. Destruction of
the pyramidal tract does give rise to the
sign of Babinski. Even though the pyra-
midal tract is destroyed strong, well coor-
dinated, useful movements are still possible
in all parts of the extremities. Spasticity
and increased tendon reflexes do not ap-
pear. And thus the so-called “pyramidal
syndrome” is a myth which must be dis-
carded from all neurological thinking. It
is obvious that the extensive and useful
muscular activity which remains, both in
man and in monkey, after the pyramidal
tract has been destroyed must be produced
by some extrapyramidal mechanism. This
mechanism must be a multisynaptic one
which is interrupted at one or more points
in its course of descent from the cerebral
cortex to the spinal cord. We know that
it must pass downward through the teg-
mentum of the midbrain, at least in part,
as it continues to function ever after the
cerebral peduncles have been destroyed.
However, as it appears that motor functions
are less perfect after the entire cerebral
peduncle has been sectioned than after the
pyramidal tract alone has been destroyed,
it is not unlikely that some of these extra-
pyramidal fibers concerned with motor ac-
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tivity are to be found among the nonpy-
ramidal fibers of the cerebral peduncle
which pass to the brain stem and the ce-
rebellum. At this time we do not know
whether we are dealing with one pathway
or with several, what the course of this
extrapyramidal pathway is, nor in what
subcortical center or centers the synapses
occur,

As was pointed out above the pyramidal
tract arises both from the precentral and
postcentral cortices. Are both concerned
with motor activity, as Woolsey believes,
or is this a function of the precentral motor
cortex alone? Certainly the postcentral
cortex may have motor functions, but there
is good rezson to believe that the pyra-
midal tract descending from the postcentral
and the precentral cortices has other func-
tions. Kuypers has demonstrated thar fibers
descending from these areas terminate on
sensory nuclei, such as the nucleus of the
spinal root of the 5th cranial nerve and
the nuclei gracilis and cuneatus in the
brain stem. He has also shown that pyra-
midal fibers, particularly, but no exclusi-
vely, those from the parietal cortex, end
upon the cells of the posterior horns of
the spinal cord. The function of these
fibers is still unkown but it is reasonable
to assume that they subserve other than
direct motor functions; that is, they do not
produce movement directly. As they are
descending they do not subserve sensory
function directly either. As they terminate
on sensory nuclei it is reasonable to assume
that they are concerned with the regula-
tion of sensory thresholds. They may con-
trol what sensory input reaches conscien-
ciousness and is effective and what is not.
They may also exert an important regu-
latory influence on the input from the
muscle spindles into the spinal cord, and
thus, indirectly, be an important factor in
the regulation of motor activity. It must
be stressed, however, that for the present
such ideas are little more than speculative.

Clinical observations on patients suffer-
ing from spontaneous lesions of their
neural motor mechanism as well as obser-
vations on both man and monkey in which
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the pyramidal tract has been sectioned raise
the very important question as to how the
improvement in the control of the skeletal
musculature is brought about which usually
occurs following such lesions. With human
disease the situation is commonly such that
many factors may play a role. However,
when the pyramidal tract has been sec-
tioned, particularly bilaterally, the picture
is clearer,

In man destruction of the pyramidal
tract by surgical section of the cerebral
peduncle results immediately in a complete
paralysis of the contralateral extremities.
Recovery of muscular control begins in the
next few days and continues for many
months before maximum recovery is
achieved. In monkeys a similar situation
occurs, although recovery begins some-
what earlier.

Recovery might conceivably be due to
development of new pathways or to the
reorganization of descending motor path-
ways remaining after the pyramidal tract
has been destroyed. Although the gradual
development of new pathways would ex-
plain nicely the gradual recovery which
takes place, it seems most unlikely that
this is the correct expianation. There is
no evidence that new pathways do develop
under these circumstances and it is most
unlikely that they would do so in the
adult primate central nervous system. It
seems far more likely that the gradual
improvement is dependent on a reorgani-
zation of existing mechanisms.

In all probability the anterior horn cells
of the spinal cord respond appropriately to
stimulation via a multiplicity of synapses
acting simultaneously or nearly so, rather
than to a stimulus arising over a single
nerve fiber or a single nervous pathway.
Certainly the anterior horn cell has affe-
rents from a variety of sources making
such an explanation not only reasonable
but possible anatomically. If this hypothesis
is accepted then it is reasonable that when
such an important source of afferent im-
pulses as the pyramidal tract is destroyed
the anterior horn cells are unable to func-
tion in the production of voluntary move-
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ment and a complete paralysis results, tem-
porarily. To refer to such a state as “spinal
shock” or as “diaschisis” serves no useful
purpose. To do so supplies only a meaning-
less term without providing any under-
standing or worth while explanation.
Instead it is essential that the physiclogical
and anatomical facts responsible for this
phenomenon be known and understood.
With unilateral cerebral lesions either
of the cerebral peduncles, the internal cap-
sule or the cerebral cortex there is good
reason to believe that afferent innervation
from the ipsilateral cerebral hemisphere
plays some role in the restoration of func-
tion in the involved extremities. This may
be via either pyramidal or extra-pyramidal
fibers. However, very useful recovery
occurs, at least in monkeys, following
bilateral complete destruction of the py-
ramidal tracts, demonstrating that in the
absence of these important structures other
descending neural mechanisms or extra-py-
ramidal fibers are capable of producing
strong, useful, coordinated movements of
the extremities. We have also seen monkeys
with useful movements who had the py-
ramidal tract completely destroyed on one
side by section of the cerebral peduncle
and both the pyramidal tract and the extra-
pyramidal descending motor fibers from
the cerebrum destroyed on the other side
by a complete cerebral hemispherectomy.
Although this experimental approach has
not yet been fully investigated, the limited
observations which have been made leave
little doubt but that the extra-pyramidal
fibers from one cerebral hemisphere and
those from the brain stem are capable of
producing useful movements in all four
extremities in these subhuman primates.
Thus although ipsilateral fibers are un-
doubtedly important they are not essential
to the production of useful skeletal mus-
cular activity. Furthermore, in man the
degree of motor control which persists
following the unilateral destruction of the
pyramidal tract is far greater than that
which follows a severe destructive lesion
in the internal capsule. This evidence fur-
ther indicates that the most important
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factor in recovery after section of the py-
ramidal tract is the activity of the extra-
pyramidal system contralateral to the in-
volved extremities.

That the extra-pyramidal system is ca-
pable of such independent activity should
not be too surprising. As was pointed out
earlier lower animal forms perform extre-
mely well with only an extra-pyramidal
system. As we ascend the animal scale the
cerebral cortex gradually becomes more and
more dominant and the descending neural
pathway peculiar to it, the pyramidal tract,
more and more important. But even in man
this dominance and importance are not
complete. In man the cerebral cortex is
apparently essential to the performance of
useful movements but is capable of exer-
cising this control over the extrapyramidal
tibers which originate there and descend
first to subcortical nuclei and then to the
spinal cord.

The anterior horn cells of the spinal
cord which initially are unable to function
in the absence of the pyramidal impulses
gradually readjust and become able to do
so when stimulated by extra-pyramidal
impulses alone. The pathways over which
these impulses reach the anterior horn
cells from the cerebral cortex are as yet
very imperfectly understood. There are
many possibilities. The cerebral cortex
projects to the lenticular nucleus (globus
pallidus and putamen), to the caudate
nucleus, the thalamus, various nuclei in the
brain stem, particularly the reticular forma-
tion, to the pontine nuclei and through
it, as well as directly, to the cerebellum.
It seems unlikely that any one of these
possible pathways alone is responsible for
the production of useful movement in the
absence of the pyramidal tract. Rather it
appears most likely that all or most of
these neural systems function together
with or without the pyramidal tract, This
symphonic action of a complex descending
neural motor system undoubtedly takes
place both with an intact pyramidal tract
or after its destruction.

The nature of the reorganization within
the anterior horn cell which at first can
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not function adequately when the pyra-
midal tract is destroyed is wholly unkown,

Over the past thirty-odd years our
knowledge of the neural mechanism which
controls muscular activity has increased
tremendously, but much is still unkown
and remains to be learned. This applies to
our knowledge of the structure and func-
tion of the brain stem, cerebellum and
spinal cord as well as to the cerebrum.
Although I have stressed the importance
which Fulton played in the renaissance of
interest in neurophysiology and in the un-
derstanding of the neural motor system,
this is not to deny the importance played
by others. Like the neural motor system
itself this has been an interrelated group
of people all of whom have played a part.
To mention a few — Sherrington, the
teacher of Fulton, contributed much to our
early understanding, probably more than
any other investigator of the period, but
Schaeffer, Rothman, Holmes and Page May
and Otfried Foerster played important
roles. Sir Francis Walshe, who disagreed
with Fulton on many points and criticized
him unjustly on some, also has served to
bring our attention back to the problem
and to emphasize errors in our thinking.
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His clear, pungent use of the English lan-
guage and his sharp critical attitude have
served to attract attention to his remarks,
but his lack of investigative approach and
his adherence to authoritarianism and the
traditicnal have detracted from his exposi-
tions. Like Fulton and all others concerned
with these problems he has often been in
error. This in itself is no criticism. All
who do things make mistakes, but the
greatest mistake of all is to do nothing.
It is to be hoped that as we work, think
and progress, our ideas will change and
we will discover the error of some of our
old concepts. In the Western Hemisphere
Wilder Penfield, Dusser de Barenne, Per-
cival Bailey, Warren McCulloch, Margaret
Kennard, Sarah Tower, Marion Hines,
Henry Kuypers, John Russell and William
DeMyers have all made outstanding con-
tributions to cur body of knowledge.
Much remains to be done. Our under-
standing is still woefully incomplete and
inadequate. Research in this field must be
intensively pursued, but always with meti-
culous attention to scientific methods. We
must never lose sight of the famous
aphorism of that great physiologist, A. J.
Carlson, “"What is the evidence?”.
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The Architecture of the Human
Frontal Lobe and the Relation to its
Functional Differentiation”

Neuroanatomical and neurophysiologi-
cal approaches have revealed a new evalua-
tion of the gyral pattern for cortical loca-
lization '% #4 5. 26, Since the great disco-
veries of cyto and myeloarchitecture in
the first decades of this century, the gross
morphology was lost sight of. It is true that
the former descriptive discipline of the gy-
ral pattern based only on formal analcgies
is of limited value for comparative conclu-
sions. The study of the pattern of gyri and
sulci of cerebral cortex has to be founded
on exact investigations of the cortical subs-
tratum itself, i.e., the laminated cortical
band, its cyto and myeloarchitecture on
the one hand and its physiological proper-
ties on the other. Only in such a way can
homologies be defined and functional units
based reliably on morphology.

A fundamental result of such new ap-
proaches is the evidence that the majority
of cortical surface indentations, including
fissurets and dimples, are limiting cortical
areas as defined by architectonic or elec-
trophysiological methods.

In order to arrive at a deeper under-
standing of the frontal lobe structure of
man, we will present some common princi-
ples of organization of the primate cere-
brum in the slow loris, Nycticebus coucang
coucang, as a specimen of the infraorder
of lorisiformes of the prosimians, the prosi-
mians being a general stage of develop-
Vol 5.
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Madison, Wisconsin, USA.

ment which all primates have passed in
evolution '. The prosimians still have the
primitive sagittal gyral pattern with lon-
gitudinal sulci prevailing, as opposed to
simians with a prevailing coronal pattern
especially of the central region. The sig-
nificance of the sulci of the latter, as well
as of the coronal sulcus lunatus as limit-
ing fundamentally different fields is well
known, whereas the relationship of the
sagittal sulci to the architectonic pattern
was not yet known. A correlated architec-
tonic and electrophysiological approach
(Welker, Krishnamurti and Sanides, in
preparation), resulted in demonstrating the
medial sulcus “c¢” and the lateral sulcus
“e” (this in its horizontal part) to be li-
miting sulci between the representations
of hindlimb, forelimb and head in soma-
tic sensory and motor regions (Fig. 1).
The review of the literature shows in
two other prosimians, lemur and perodic-
ticus, in which only the lateral sagittal sul-
cus is well developed, this sulcus was found
in electrical stimulation experiments to be
limiting between motor hand and head
area as it is in slow loris. The experiments

*  Supported in part by grant 5P06FR-
00167 from the National Institutes of Health,
Bethesda, Md.

**  On leave of absence from Max
Planck-Institut fiir Hirnforschung, Frank-
furt am Main, Neuroanatomische Abteilung.
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in lemur were undertaken by C. Vogt and
0. Vogt *!' and in perodicticus by Zucker-
man and Fulton ?Y. Woolsey already di-
rected the attention to the fact that there
are in monkeys two little sulci, sulcus pre-
centralis superior and posterior spur of
the arcuate sulcus with the same somatoto-
pically limiting significance in precentral
motor area. Thus we can recognize in these
short sulci or dimples of monkeys which
are rather inconspicuous compared with the
coronal ones, remnants of the old sagittal
pattern.

Corresponding evidence was presented
by Dusser de Barenne in its strychnization
experiments, and here the small postcen-
tral superior sulcus plays the same role as
the anterior one in limiting leg from hand
subdivisicn of the “sensory cortex” ¥, How-
ever, it should be emphasized that post-
central superior sulcus varies in its form
and can also be found shaped in coronal
direction, in which case it separates Brod-
mann’s postcentral fields 1 from 2. For the
interpretation of sagittal and coronal pat-
tern, we refer to Le Gros Clark, who de-
veloped the rule that sulci and gyri form
vertically to the lines of stress °.

We prefer to speak of growth stress
and could demonstrate in man’s frontal
lobe that such lines can be defined as
directions of architectonic differentiation.
Thus the shift from prosimian sagittal to
simian coronal pattern means then a
shifc from prevailing coronal lines of
growth stress to stronger sagittal ones in
the field of force of the cerebral cortex.
Eventually in man’s frontal lobe we have
to do with the highest degree of gyrifica-
tion in the primate order. This corresponds
not only to the general rule of body size-
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Fig. 1. — View of the right hemisphere of the prosimian

slow loris. ¢ and e sagittal sulei, s sulcus Sylvius continuing

dorsally into the saggital sulcus intraparietalis which is
on the left hemisphere (dorsally) almost connected

with suleus c.

brain size relations but also to the highest
level of organization with the striking pre-
ponderance of prefrontal granular cortex
as against primary motor region. This
highest degree of gyrification in the pri-
mate order leads to the well known abun-
dance of human gyri and sulci; neverthe-
less rules of prevailing regular sulci and
gyri could be elaborated. This pattern
shows beside the strong coronal central,
precentral and postcentral sulci of the cen-
tral region the sagittal frontal sulci and
gyri in the huge prefrontal cortex.
Regular sulci mean as a rule deep sulci.
The deepest sulcus, however, and by defi-
nition also the ontogenetic earliest of these
sulci, is the central one. This could be in-
terpreted as if in ontogenesis after a pe-
riod of prevailing sagittal growth stress,
which pushes the central region backward
(see below), follows a period of coronal
growth stress. However, the cingulate sul-
cus, on the mesial surface, a striking exam-
ple for a longitudinal sulcus, caused by co-
ronal growth stress *, is also a primary
one, that means an early initiated one as
the central sulcus is. Thus we ought to
speak rather of a longer lasting coronal
growth stress, which brings the sagittal
frontal sulci of the convexity into appear-
ance. Thus we recognize in gross morpho-

* The sulcus cinguli is just a paradigma
at which Le Gros Clark developed his rule
that suleci and gyri form normally to lines
of stress. This sulcus can be found running
parallel to the corpus callosum in all
eutherian mammals. But the sulcus cinguli
is lacking, giving place to radiate sulci in
marsupials without an elaborated corpus
callosum. Moreover this sulcus is lacking in
cases of human malformations with agenesis
of the corpus callosum.
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logy the remarkable fact that the big hu-
man prefrontal cortex reflects in its lon-
gitudinal partitioning a high degree of the
phylogenetic more ancient coronal growth
stress which still prevails in prosimians.
The extremely high degree of gyrification
in man, however, no longer allows us to
assign these sagittal sulci and gyri to a so-
matotopical arrangement with any secu-
rity.

The directions of architectonic differen-
tiation mentioned above are represented by
arrows in the maps of human frontal cortex

(a)

(Fig. 2). It must be pointed out that we
show here for practical reasons not the
maps of the single fields, but only those
of zones, i.e., belts of related fields. We
begin our description with the coronal di-
rections of differentiation, which origina-
te in the anterior cingulate gyrus on the
medial side and in the anterior insular cor-
tex on the lateral. These spring territories
are parts of old limbic cortex sensu am-
pliori including the insular cortex for on-
togenetical and phylogenetical reasons as
proposed by Yakovlev **. At the same ti-

Fig. 2. — a-c Map of the human frontal lobe showing its
architectural zomes and principal sulci. Arrows symbolize
(a) medial side, (b) lateral side, (c) inferior side. A.ad. =
Area adolfactoria, C.a. = Commissura anterior, ce = sulcus
centralis, em = sulcus callosomarginalis, fi = sulcus fron-
talis inferior, fm = sulcus frontalis medius, fs = sulcus
frontalis superior, otr = sulcus orbitalis transverius, pc =
sulcus precentralis, Tp = temporal pole. FmZ = fronto-
motor zome, FoZ = frontopercular zone, FpZ = frontopolar

me, the anterior cingulate gyrus and the
anterior insula are also in architectonic
terms very related, representing a proiso-
cortex with a typical dense bandlike Vth
layer which was also described by von
Bonin as a juxtaallocortical feature . As a
conspicuous /imbic feature the anterior
cingulate gyrus possesses, moreover, in its
layer Vb extremely slender pyramidal and
1966,

Vol 5. Number Se4, -

zone, OmZ — orbitomesial zone, PlZd =
zone, PlZv =
zone, PoZ = paropercular zone, Pro = proisocortex.

dorsal paralimbic

ventral paralimbic zome, PmZ — paramotor

(after Sanides 1962).

spindle cells, called rod cells (Fig. 3).
These limbic signs undergo in the next
grade of differentiation, in a paralimbic
and parinsular belt respectively, a diminua-
tion; at the same time a new progressive
kind of characteristics begins, for instance
increasing overall cell size and especially
increasing accentuation of the Illrd layer,
still very weak in both kinds of proisocor-
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a)

Fig. 3a and b. — a) Proisocortex
(Pro) of cingulate gyrus. Cresyl-
violet staining 5 times. The arrows
point to the bandlike Vth layer
which is dorsal to the bottom of
sulcus cinguli (s.cmn) less accen-
tuated. C.c. = corpus callosum. b)
1000  times, extremely slender
“rod cells” left pyramadal, right
spindle. (after Sanides 1962).

tex. These are only two main cytoarchitec-
onic trends. After passing the first frontal
gyrus the stepwise granularization is added,
and the efferent V pyramids begin to de-
crease step by step. We omit here the con-
comitant myeloarchitectonic changes. It ap-
pears important that all these changes oc-
cur stepwise, i.e., in grades, thus forming a
sequence of fields This is why C. and O.
Vogt, who first described these proceedings
in some examples, spoke of “gradation”.
Summarizing, we can say that the stepwi-
se architectonic differentiation of the fron-
tal lobe in coronal directions originates
primarily in the phylogenetically oldest
limbic parts of the neocortex. Therefore
these directions of differentiation may be
lcoked upon as evolutionary ones and are
called by us “Urgradationen”, ie., “proto-
gradations” 1% 17,

The sagittal direction of growth stress
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b)

was considered by LeGros Clark to be pro-
duced by the growing frontal association
cortex; the growing parietal one is added,
forming counterpressure against the cen-
tral region. In human frontal lobe we found
a corresponding poleward direction of dif-
ferentiation, or “poleward gradation”. This
may be demonstrated by a myeloarchitec-
tonic instance which admits a survey of the
whole sagittal spread of frontal cortex
(Fig. 4). We overlook a sequence of 2
fields of the frontomotor zone (FmZ),
3 fields of the paramotor zone (PmZ) and
2 fields of the frontopolar zone (FpZ).
Proceeding from the area gigantopyrami-
dalis (42) we see a stepwise rostrad de-
crease of the overall fibrillarity. At the
same time the stripes of Baillarger emerge
stepwise from the lighter ground and the
inner stripe gets more accentuated. These
changes are paralleled in cytoarchitectonics
by a stepwise granularization and stronger
lamination as well as a diminishing of

Viel, 5., = Numbher 3-4. — 1966,
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Fig. 5a and b. — a) Central field of the orbital cortex. Cresulviolet staining,

40 times. Note the high granularization of the granular layers II and IV,

the light Vb, and accentuated Illc pyramids as a sign of parakoniocortex.

b) Caudoorbital transitional field. Proisocortex with peor lamination and

no clearcut granular layer. Note preponderance of the inner main layer,
V and VI, over outer main layer II and III. (after Sanides 1962).

excitable site of cortex moved backward,
arriving at the final position about birth-
time. The concomitant change from holo-
kinetic type of the elicited movements to
idiokinetic type can be interpreted in our
view that the latter is elicited in the area
gigantopyramidalis, which differentiates
last within precentral motor cortex. That
the area gigantopyramidalis is the high-
est and most recent motor cortex elabora-
tion was the result of its exact definition
in the system of the directions of diffe-
rentiation 6,

Finally, a sagittal direction of diffe-
rentiation originates in the frontal part
of the prepiriform cortex, the basal olfac-
tory cortex, which influences about two
thirds of the orbital cortex. This orbital cor-
tex, moreover, is subject to differentia-
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tions of insular and ventral limbic origin,
resulting in a special high stage of diffe-
rentiation in the center of the orbital cor-
tex, as demonstrated in Fig. 5a. Thus the
central orbital field, bound on the sulcus
orbitalis transversus, presents a peculiarity
within the frontal lobe, exhibiting rather
parakoniocortex character. This special
character can perhaps be explained by the
integration of different directions of dif-
ferentiation, which may mean convergent
sensoric and cortico-cortical input. How-
ever, the steepest gradation, i.e. the sharp-
est span of differentiation, dominates be-
tween the orbital center and the caudoor-
bital transition field, Vogt's field 66
(Fig. 5b), which borders caudally imme-
diately at the primary olfactory cortex. It
is still poorly laminated and shows a pre-
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ponderance of the inner main layer; thus
itis_classified as proisocortex. It is impor-
tant, to realize that in the central orbital
field, as well as in the caudoorbital transi-
tional field and the intermediate fields
conspicuous strong tangential fibers are to
be traced in the first layer, indicating fur-
ther relations between the more primitive
caudoorbital cortex and the highly diffe-
rentiated orbital center.

It remains to be said that the sagittal di-
rection of stepwise differentiation of the
orbital cortex presents a component of the
lateral protogradation of paleocortical ori-
gin, which proceeds here directly from the
primary olfactory cortex without the de-
tour over the insular cortex taken by the
convexity component. Thus in conclusion
we can speak of three sources of differentia-
tion of frontal lobe: two main or proto-
gradations of medial limbic and lateral in-
sular limbic origin, respectively, and a
more recent poleward gradation cof motor
cortex origin. —

These directions of architectonic diffe-
rentiations in man’s frontal lobe were fun-
damentally confirmed in the slow loris. The
confirmation is noteworthy especially for
one consequence which we have still to
discuss. The two main directions of diffe-
rentiation had led us to a classification of
the additional sensory and motor areas,
which present one of the most intriguing
new developments in mammalian neuro-
logy. Lying in the flow of the protograda-
tions from the insular cortex on the one
side and from the cingulate gyrus on the
other, the second sensorimotor area located
at the edge of the operculum can be con-
ceived as a phylogenetically older level of
sensorimotor control than the classic cen-
tral one, and the supplementary motor area
located in paralimbic site can be conceived
as a phylogenetically older level of motor
control. Thus the parinsular area appears
to be a protosensorimotor representation,
and the paralimbic area appears to be a
protomotor one. For the second somatic
sensory representation this concept was
already put forward in 1946 by Woolsey
considering also neurophysiological reasons.
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In the slow loris the second somatic sen-
sory representation (Smll) was outlined
electrophysiologically on the one hand and
architectonically on the other resulting in
congruity. The architectonically defined
field (Smll) proved to be really an inter-
mediate stage between insular cortex and
classic somatic sensory cortex, correspond-
ing to our assumption that it presents a
more ancient phylogenetic level of sensori-
motor elaboration than the classic one.

We have still to deal with two essential
corrcborations for our two main directions
of differentiations of the mammalian ce-
rebral cortex. One consists in findings of
Abbie in monotremes ' and marsupials *,
which we got acquainted with only after
finishing our frontal lobe monograph.
Primarily in monotremes Abbie found the
principle of ‘“‘dual nature of neopallium”;
that means, that there are two neocortical
moieties: one differentiated in stages away
from the bippocampus and the other in sta-
ges away from the piriform cortex. In the
marsupials Perameles he found this princi-
ple fully sustained, and speaks e.g. of the
parahippocampal moiety of the neocortex
as successive waves of circumferential dif-
ferentiation away from the hippocampus in
evolution.

Finally such a “cerebral watershed” (Ab-
bie) was also found by quite another ap-
proach in the prefrontal cortex of monkeys
by Nauta, presented in a preliminary no-
te (1964). Using his silver impregnation
tcchnique he demonstrated that there is
“a certain dualism in the prefrontolimbic
associations”, in that the principal sulcus
separates two moicties cf the frontal gra-
nular cortex. The dorsomedial one pro-
jects in a high degree to the cingulum
bundle in the cingulate gyrus, spreading
from there over the retrosplenial cortex to
the juxtahippocampal region. The ventro-
lateral one including orbital cortex pro-
jects, by the way of the uncinate bundle,
mainly to the anterior half of the tempo-
ral cortex. From there projections to the
amygdaloid complex are known.

It should be added that a cytoarchitec-
tonic control of monkey’s frontal lobe sug-
gests that the principal sulcus may be ho-
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mologous to the sulcus frontalis inferior
in man’s frontal lobe. This is the same sul-
cus which presents by and large the limit
between the two spheres of influence: the
dorsomedial one related to the cingulate
gyrus and the ventrolateral one related to
the insular and ultimately to the prepiri-
form cortex.

Thus Nauta’s anatomical observations in-
dicate in his own words "“a close affiliation
of the anterior frontal cortex to the more
primordial structures in the medial and ba-
sal walls of the telencephalon.” This, how-
ever, is a very related statement to ours
about the two main directions of differen-
tiation of medial limbic and lateral insular
origin and about the long lasting coronal
growth stress originating in these border-
ing regions as reflected by the sagittal sul-
cal and gyral prefrontal pattern in man.

Thus the frontal association, or integra-
tion, cortex of higher primates including
man reflects in different aspects, notwith-
standing its late phylogenetic deployment
deep limbic relations to and from medial
and ventro lateral primordial structures of
the forebrain. However, a combination of
highly organized with more conservative
signs appears to characterize the 6-lami-
nated association cortex throughout (see
also Sanides and Krishnamurti), in con-
trast to the highly specialized structure of
the sc-called primary motor and sensory
regions which are hyperpyramidal and hy-
pergranular, respectively. Therefore we
may conclude the prefrontal cortex to be
a structure of a high capacity of differen-
tiation avoiding specialization.

Coming now to the functional correla-
tions we discuss the orbital cortex first.
Here we recognize in the above described
special topology in the field of differen-
tiations a possible expression of the ten-
sicn between the realm of limbic reactions
on the one side and the personality reac-
tions on the other, the latter controling the
former. It appears to be significant in this
connection that Fulton and co-worker de-
monstrated by neuronography orbital pro-
jections to the paraventricular nucleus of
the hypothalamus.
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After the original findings of Lecnore
Welt it was Karl Kleist who differentiated
the syndroims of orbital lesions from that
of the superior fromtal ones, assigning to
the first impairments of feeling and acting
of personality such as tactfulness and ethi-
cal and conscience reactions. We have still
to consider indications that in comparative
neurology the orbitomesial zone, reaching
from the ventral cingulate sulcus to the
medial orbital sulcus and reflecting
stronger limbic influences, might play an
initial role for a somewhat lower stage
of such reactions, as it is generally covered
by the term inhibition. This is suggested
by the experiences of Brutkowski® in
ablation experiments which led him to the
conclusion that the anterior median pre-
frontal cortex of dogs corresponds in this
function —and may be homologous— to
the orbital cortex of monkeys.

Perhaps also ablation experiments in rats
of Stamm 2" may cast some light on this
problem. Comparing subjects with exten-
sive median cortical ablation with subjects
with lateral cortical ablation of about the
same amount of cortex, he found that only
in the “median group” were maternal
reactions disturbed significantly. The ma-
ternal reacticns examined were: construct-
ing of nests, keeping the litter together
and hovering over them, finally recons-
tructing of nests after destruction and
protecting the litter against radiant heat.
In a preliminary paper the hoarding acti-
vity of the rat was also found impaired in
subjects with median lesions.

We incline to feel that in these mater-
nal reactions we deal with the phylogene-
tically oldest core of the realm of reactions
which aim beyond the pure ego and which
in ultimate elaboration have made man
peculiarly man. These are the reactions of
personality and conscience which appear
to be bound finally to the integrity of
man’s orbital cortex and its special stage
in the system of cortical differentiation.

The high prefrontal cortex belonged
also to the silent region of the cortex in
the classic period of cerebral investigation.
However, with the disclosure of the im-
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pairment of the delayed-response test in
frontal lesions by Jacobsen in 1936, a new
research period has been entered. Consi-
dering some recent papers, we will try to
correlate these experimental results with
our architectural concept of frontal cortex
differentiation. Moreover, we believe to
find a conformity with Kleist’s clinically
developed term “Antrieb” as impaired in
high frontal lesions in man. Evidently it
is conditioned by inadequate translation as
“drive” that this notion of a frontal im-
pairment is not introduced in the English
speaking realm. Actually “Antrieb” means
initiative. With this we are approaching
indeed the interpretation of the impair-
ment on acquisition and retention of dela-
yed-response tasks in monkeys by such a
recent investigator as Pribram '3: Pribram
had made 7 special experiments with mon-
keys to examine the modality specificity of
the effects of bilateral frontal injury. How-
ever, the results of the experiments de-
monstrated clearly that the defect in beha-
vior that follows high frontal injury can-
not be attributed either to an impaired sen-
se of place (proprioception) or to an im-
paired visual performance. On the other
hand, the lesions did modify behavior
when the ambiguity of the test situation
was increased by changes in conditions in-
volving less reliability. Thus the delayed-
response deficit can no longer be explain-
ed as an impairment of immediate memo-
ry, and Pribram results in statements
which correspond verbally to Denny -
Brown’s T experiences from human neuro-
pathology: What is impaired may be “in-

terest and hence sustained attention and
initiative”. But in such a manner Kleist's
"Antrieb” is fully comprised. We still

must note, that Kleist noticed within the
lateral frontal cortex in a site correspond-
ing by and large to the oral part of our
paropercular zome, PoZ, (corresponding
area 46 Brodmann) “titige Gedanken” i.e.
active thinking, that demonstrates further
the conformity with the function impaired
in the delayed-response test.

But we can follow Pribram’s conclu-
sions still further, when he, reflecting on the
1966,
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neural nature of the process injured culmi-
nates in saying “the key to the problem
may be found in the relations between the
frontal eugranular isocortex and the lim-
bic formations on the medial and basal
surface of the forebrain and between the-
se formations and the reticular ccre of
the brain stem”. Here he relies primarily
on the electro-physiological findings about
the diffuse thalamic projection system of
Starzl and Whitlock, who, systematically
plotting the cortical sites where recruit-
ing effects occur, found a predilection of
the anterior cingulate gyrus, the insula and
caudoorbital region * and among the as-
sociation areas special affinities to the pre-
frontal cortex.

However, the thalamus nucleus which
projects to the frontal association cortex,
the medialis dorsalis, is itself an “associa-
tion nucleus” ', which developed phylo-
genetically in parallelism with the pre-
frontal cortex and is enveloped by the nu-
clei of the diffuse thalamic projection sys-
tem, united by Hassler as “the envelope”.
And thus it can be said —as Pribram does—
that the nucleus medialis dorsalis is
“cradled” within the nonspecific thalamic
nuclei. Of the latest investigations of the
thalamus, especially those of Akert and
al. '* 1 have indicated that the concentric
zonation of the prefrontal cortex from the
direction of the limbic cortex, insula and
motor cortex is analogously reproduced in
the dorsomedial nucleus of the thalamus.
Thus, one could speak of common, func-
tionally linked growth rings of the prosen-
cephalon.

But the above dealt with architectural
findings mirror quite the same relation be-
tween the frontal association cortex and its
limbic boundary region including the in-
sula. Alco the prefrontal cortex appears
cradled within these older surrounding
cortices plus frontomotor area, from which

? This is in line with results of Rose
and Woolsey 1% who found the interlaminar
nucleus complex, i.e, the essential part of
the nonspecific thalamic nuclei, included in
the degeneration of the thalamus when the
ablation of the cortex was extended to the
anterior rhinencephalon.
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regions we pointed out concentric stepwise
differentiation. And the special affinities
of both, the older boundary regions and
the newer prefrontal cortex, to the reticu-
lar core of the brainstem communicated by
the old “envelope” of nonspecific thalamus
nuclei and the nucleus medialis dorsalis
suggests further, that here is a key to the

SUM

Neuroanatomical and neurophysiological
approaches of the past few vyears have
resulted in a new evaluation of the gyral
pattern for localization in primates. Since
the prosimians represent a stage which has
been passed by all primates in their evo-
lution, information is given about such
interdisciplinary studies in a prosimian,
the slow loris.

It was possible-to demonstrate the sig-
nificance of the here still prevailing pri-
mitive sagittal sulcal pattern for somato-
topical partitioning of the sensorimotor
region.

In man’s frontal lobe there exists in the
central region the typical coronal gyral
pattern of simians, but in the huge pre-
frontal cortex are to be found regular
saggital frontal sulci and gyri. The sagittal
gyral pattern, unusually shared by the
prosimian cerebrum and by the prefrontal
cortex of man, is the result of coronal
growth stress whereas the pattern of the
sulci and gyri of the central region of
higher primates is the result of sagirttal
growth stress. The evolutionary more an-
cient coronal growth stress is.reflected by
two main directions of architectonic dif-
ferentiation: One originating in the ante-
rior cingulate gyrus and the other in the
insular cortex. Since the differentiations
proceed stepwise away from the sites of
origin, forming in this way a sequence of
architectonic fields, we speak with C. and
O. Vogt of “gradations”. These two grada-
tions together with two sagittal ones de-
termine jointly all characteristic features
of the frontal fields. The sagittal grada-
tion on the convexity is directed toward

256 ~

functional problem of the prefrontal cor-
tex. In the light of these architectural and
neurophysiological relations, it may be
said that the “Antrieb” of the high fron-
tal cortex has a phylogenetically old radical
in the reticular activating system on which
its function partly depends.

MARY

the frontal pole and originates in the pre-
central motor cortex. The sagittal grada-
tion in the orbital cortex originates in the
basal olfactory cortex, i.e., the paleocortex
of comparative neurology. This direction
of differentiation is looked upon as a com-
ponent of the lateral direction of differen-
tiation away from the insular cortex which
ultimately can be traced back to the paleo-
cortex.

The gradations originating in phyloge-
netically older surrounding cortices such as
cingulate gyrus, basal olfactory cortex, in-
sular and precentral motor cortex and
which determine the structure of more
recent prefrontal cortex represent evolutio-
nary directions of differentiation. The two
main directions of differentiation which
begin in the limbic cortex (archicortex)
and in the insular cortex respectively (ul-
timately of paleocortical origin) are de-
signated “‘Urgradation”, i.e., protograda-
tions.

What is generally called supplementary
motor and secondary sensorimotor repre-
sentation, appears to be the protomotor
and protosensorimotor representations when
considered in the light of the flow of the
gradations.

The classic sensorimotor representations
appear contrariwise as a more recent achie-
vement in phylogenesis.

The orbital syndrome of impairment of
personality in feeling and acting is un-
derstood as being the result of the special
topology of the orbital cortex which is de-
termined by its system of gradations, in-
cluding immediate influences from the
paleocortex. These latter influences may be
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reflected in the orbito-hypothalamic con-
nections which were stressed by J. F. Ful-
ton as being important for emotional life.
The main symptom of high prefrontal
lesions, i.e., the impairment of “antrieb”
as defined by Karl Kleist, is shown to co-
rrespond to those functions found dis-
turbed by Denny Brown: “interest, and
hence sustained attention and initiative”.
According to Pribram the impairment of
delayed response test in monkeys is to be
interpreted in the same manner.

RESU

Investigaciones neuroanatomicas y neuro-
fisiologicas efectuadas en los dltimos afos
han dado como resultado una nueva eva-
luacién de la configuracion de las circun-
voluciones en lo que se refiere a la loca-
lizacion funcional en el cerebro de los pri-
mates. '

Dado que los prosimios representan una
etapa de la evolucién experimentada por
todos los primates se dan algunas infor-
maciones sobre estos estudios en un pro-
simio, el Nycticebus. Fue posible aclarar la
significacion de la configuracién primitiva
de las fisuras sagitales que aun prevalece
para la division somatotdpica de la region
sensorimotora.

En el Iobulo frontal humano en la re-
gion central se encuentra la configuracion
coronal de las circunvoluciones de los si-
mios, pero en la extensa corteza prefrontal
se encuentran fisuras y circunvoluciones
frontales sagitales regulares. La configura-
cion sagital de las circunvoluciones, rara
vez igual en el cerebro prosimio y la cor-
teza frontal del hombre, es el resultado del
crecimiento de la fuerza coronal mientras
que la configuracion de los surcos y cir-
cunvoluciones de la region central de los
primates superiores es el resultado del cre-
cimiento de la fuerza sagital. La mayor an-
tigiiedad de la fuerza de crecimiento coro-
nal, desde el punto de vista de la evolucion,
es reflejada por dos direcciones de diferen-
ciacién arquitectonica: una originada en la
figura anterior cingulada y la otra en la
Vol 5.

Number 3-4 1Ot

A parallelism between the concentric
zonation of the prefrontal cortex from its
bordering regions and the organization of
thalamic dependencies, i.e., medialis dor-
salis and the enveloping nonspecific nuclei,
is suggested. Since the nonspecific thalamic
projection system shows special electrophy-
siological affinities to the older bordering
cortical regions and to the prefrontal as-
sociation cortex, a phylogenetically old
radical of the "antrieb” in the reticular
activation system is accepted.

M EN

corteza insular. Dado que la diferenciacion
se produce en forma gradual a partir de
sus lugares de origen formando de esta
manera una sucesion de areas arquitecto-
nicas nos referimos como C. y O. Vogt a
“gradaciones”. Estas dos gradaciones deter-
minan conjuntamente con las dos sagitales
tocdas las caracteristicas de las areas fron-
tales. La gradacidn frontal de la parte con-
vexa esta orientada hacia el polo frontal
y tiene su origen en la corteza motora pre-
central. La gradacion sagital de la corteza
orbital se origina en la corteza olfatoria ba-
sal, es decir el paleocortex de la neurologia
comparativa. Esta orientacion de la diferen-
ciacion es considerada como una diferencia-
cién que se aparta de la corteza insular y
que en ultima instancia puede ser referida
al paleocortex.

Las gradaciones que se originan en cor-
tezas adyacentes mas antiguas desde el
punto de vista filogenético tales como la
fisura cingulada, la corteza olfatoria basal,
las cortezas motoras insular y precentral,
y que determinan la estructura de cortezas
prefrontales mas recientes representan
orientaciones evolutivas de diferenciacion.

Las dos orientaciones principales de di-
ferenciaciéon que empiezan en la corteza
limbica (archicortex) y en la corteza in-
sular respectivamente (en ultima instancia
de origen paleocortical) se denominan
“Urgradation”, es decir protogradaciones.

Lo que generalmente se llama represen-
tacion motora suplementaria y sensorio-
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motora secundaria, aparece coOmo represen-
tacién protomotora y protosensorimotora
si se considera a la luz del curso de las
gradaciones.

Contrariamente a esto la representacion
motora clasica aparece como una realiza-
cion mas reciente en la filogénesis.

El sindrome orbital de alteracién de la
perscnalidad en las emociones y los actos
se entiende como resultado de la topologia
especial de la corteza orbital, que esta
determinada por su sitema de gradaciones
que incluyen influencias inmediatas del
paleocortex. Estas ultimas pueden estar re-
flejadas en las conexiones orbito-hipotala-
micas cuya importancia subrayé J. F. Ful-
ton en la vida emocional.

El principal sintoma de las lesiones pre-
frontales superiores, es decir la alteracién
de “Antrieb” como fue definido por Karl

Kleist ha demostrado corresponder a las
funciones que Denny Brown encontrara
perturbadas: “interés, y por lo tanto aten-
cion sostenida e iniciativa”. De acuerdo a
Pribram la alteracion del test de la res-
puesta demorada en los monos debe ser in-
terpretado en este sentido.

Se sugiere un paralelismo entre la dis-
posicion de las zonas concéntricas de la cor-
teza prefrontal a partir de sus regiones li-
mitrofes con la organizacion de las depen-
dencias talamicas, es decir medialis dorsalis
y los nucleos no especificos que la rodean.
Dado que el sistema no especifico de pro-
yeccion talamica evidencia afinidades elec-
trofisiologicas especiales con las regiones
corticales adyacentes mas antiguas y con la
corteza ascciativa prefrontal se acepta la
antigua raiz filogenética del “antrieb”
(empuje) en el sistema reticular activante.

RESUME

Les recherches neurocanatomiques et
neurophysiclogiques des derniéres années
avaient donn¢ comme résultat un évaluation
nouvelle de la configuration des circonvo-
lutions et scissures en ce qui concerne la
localisation fonctionnelle au cerveau des
Primates.

Comme les prosimiae représentent un
stade de I'évolution éprouvée par tous les
Primates, quelques informations essentielles
dérivées de ces études dans le prosimia
Nycticebus coucang coucang son données.
Il a été possible d’éclaircir la signification
de la contiguration primitive des fissures
sagittales qui domine encore pour la divi-
sion somatotopique de la région sensori-
motrice.

Dans le lobe frontal humain la région
centrale presente les circonvolutions et les
fissures coronales typiques des simiae tan-
dis que dans la grande région de I'écorce
préfrontale on trouve les circonvolutions et
fissures sagittales réguliéres.

La configuration sagittale des circonvo-
lutions, rarement partagée par le cerveau
des Prosimiae et I'écorce frontale humaine,
est le résultat de la croissance de la pres-
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sion coronale tandis que la configuration
des fissures et des circonvolutions de la ré-
gion centrale dans les Primates supérieurs
est le résultat de la croissance de la pression
sagittale, La pression de croissance coro-
nale, plus ancienne du point de vue de
I'évolution, est reflétée par deux directions
de différentiation architectonique, dont
I'une a son origine dans la fissure anté-
ricure cingulée et l'autre dans 1'écorce in-
sulaire.

Comme la differentiation se produit gra-
duellement en partant des lieux d’origine
et donc formant une séquence d’aires ar-
chitectoniques nous parlons comme C. et
O. Vogt de “gradations”. Ces deux gra-
dations unies aux deux sagittales, détermi-
nent toutes les caractéristiques des aires
frontales. La gradation frontale de la partie
convexe est orientée vers le pole frontal
et a son origine dans I'écorce motrice pré-
centrale. La gradation sagittale de I'écorce
orbitale a scn origine cortex prépiriforme
a la base, c'est-a-dire le paléocortex de la
neurologie comparative., Cette orientation
de la différentation est considérée comme
une differentiation qui s’écarte de I'écorce
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insulaire et qui en définitive peut étre rap-
portée au paléocortex.

Les gradations ayant leur origine aux
¢corces adjacentes plus anciennes du point
de vue phylogénétique telles que la fissure
cingulée, I'écorprépiriforme basale, les
¢corces motrice insulaire et précentrale, et
qui déterminent la structure des écorces
préfrontales plus récentes représentent des
orientations de différentiation qui se pro-
duisent pendant I'évolution.

Les deux orientations principales de dif-
férentiation qui commencent a I'écorce
limbique (archicortex) et a I'écorce insu-
laire respectivement (en définitive d’origi-
ne paléocortical) portent le nom de “Ur-
gradation”, c’est-a-dire protogradations.

Ce qui est généralement appelé repre-
sentation motrice supplémentaire et senso-
ri-motrice secondaire, apparait comme re-
présentation protomotrice et Protosensori-
metrice si elles sont considérées 4 la lu-
miere de ce sens de gradations.

La représentation motrice classique sem-
ble, au contraire, sur le plan phylogénéti-
que, une réalisation plus récente.

Le syndrome orbital de I'altération de la
personnalité dans les émotions et dans les
actes se comprend comme résultat de la to-
pologie particuliere de I'écorce orbirale, qui

est déterminée par son systeme de grada-
tions incluant des influences immédiates du
paléocortex. Ces influences peuvent etre
reflétées dans les connexions hypothalami-
ques dont l'importance a été signalée par
J. F. Fulton dans la vie emotionnelle.

Le symptome fondamental des lésions
préfrontales supérieures, c’est-a-dire I'alte-
ration de I'""Antrieb” selon la définition de
Karl Kleist a démontré correspondre aux
fonctions que Denny Brown trouva alté-
rées: “I'intéret, donc attention prolongée et
initiative”. Selon Pribram l'altération du
test de la réponse attardée dans les singes
doit étre interprété dans ce sens.

On suggtre un parallélisme entre la dis-
position concentrique des zones de I'écorce
préfrontale en partant des régions qui les
limitent avec l'organisation des dépendan-
ces thalamiques, c’est-a-dire medialis dorsa-
lis et les noyaux non spécifiques qui I'en-
tourent.

Comme le systeme non-spécifique de
projection thalamique possede des affinités
electrophysiologiques particulieres avec les
régions corticales adjacentes plus anciennes
et avec l'écorce associative préfrontale on
accepte l'ancienne racine phylogénétiques
de I'"Antrieb” (élan) dans le systéme ré-
ticulaire activant.

ZUSAMMENFASSUNG

Neurcanatomische und neurophysiolo-
gische Studien der letzten Jahre fithrten zu
einer Neubewertung des Windungsbildes
fir die Lokalisation bei den Primaten. Da
die Prosimier ein Stadium darstellen, das
von allen Primaten wihrend der Evolution
durchlaufen wurde, werden einige ange-
hende Angaben iiber solche Studien am
Halbaffen Plumpori gemacht. So war es
moglich, die Bedeutung des hier noch
vorherrschenden primitiven sagittalen Win-
dungsmusters dahingehend zu kliren, dass
die beiden vorderen sagittalen Sulci Bein-,
Hand- und Kopfreprisentationen der senso-
motorischen Regionen abgrenzen.

Im Frontallappen des Menschen herrscht
in der Zentralregion des typische coronale
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Windungsmuster der Affen, vor, aber in
der hochgradig vergrosserten Prifrontalre-
gion befinden sich die regelmissigen sa-
gittalen frontalen Sulci und Gyri, worin
eine auffallende Ubereinstimmung mit dem
primitiven sagittalen Windungsmuster der
Prosimier zu sehen ist.

Das sagittale Windungsmuster ist durch
transversalen Wachstumsdruck bedingt, wie
das coronale Windungsmuster durch sagit-
talen Wachstumsdruck bedingt ist. Im
Frontallappen des Menschen wie des Plum-
plori sind, den Richtungen des Wachstums-
druckes entsprechend, Differenzierungs-
richtungen (sog. Gradationen nach C. un O.
Vogt) nachweisbar: erstens zwei altere
transversale Richtungen, eine mediale vom
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vorderen Gyrus cinguli ausgehend, und
eine laterale, von der vorderen Insel aus-
gehend; zweitens zwei sagittale, eine von
der motorischen Pricentrairinde ausgehend
auf der Konvexitait und eine von der
prapiriformen Rinde ausgehend, an der
Basis.

Diese bestimmen die Architektonik der
priafrontalen Felder ebenso wie das Win-
dungsbild. Da die Ursprungsgebiete der
Differenzierungsrichtungen, die die Pra-
frontalregion ganz umgeben, phylogene-
tich dlter als dieselbe sind, konnen sie als
evolutionare Entwicklungsrichtungen an-
gesehen werden. Die orbitale Entwicklungs-
richtung, die von der préapiriformen
Rinde ausgeht, kann als Komponente der
lateralen von der Inselrinde ausgehenden
Gradation angesehen werden, die ebenfalls
bis zuriick zur pripiriformen Rinde (Pa-
laecocortex) verfolgt werden kann, wihrend
die mediane auf den Archicortex zuriick-
geht. Diese beiden Hauptrichtungen der
Differenzierung mussen in ihrem Ursprung
bis auf die Reptilien zurickgehen und

werden daher von wuns Urgradationen
gennant.
Die sog. supplementarmotorische und

sekundédr sensorimotorische Reprisentatio-
nen werden, im Strom der Urgradationen
gelegen, als Vertreter einer Urmotorik
bzw. einer Ursensomotorik aufgefasst. Die
klassische motorische Reprasentation der
Zentralregion erscheint demgegeniiber als

eine jingere Leistung in der Phylogenese.

Das orbitale Syndrom der Personlichkeits-
storungen im Gefihlsleben und Handeln
wird aus der speziellen Topologie der
orbitalen Rinde im System der Gradationen
erklart, wobei die unmittelbaren Einfliisse
der Prdpiriformen Rinde eine wesentliche
Rolle spielen. Diese Einflusse werden durch
die orbitohypothalamischen Verbindungen
reflektiert, deren Bedeutung fiir das Ge-
fithlsleben von J. F. Fuiton betont wurde.

Das Hauptsymptom der hochfrontalen
Lasionen, die Storung des “Antriebs”, wie
ihn Karl Kleist definiert hat, entspricht
den Funktionen die Denny-Brown gestort
fand: “Interesse und daher nachhaltige
Aufmerksamkeit und Initiative”. Nach
Pribrams Untersuchungen ist die Storung
des “verzogerte Antwort-Test” bei Affen
in der gleichen Weise zu deuten.

Es besteht eine offenbare Parallele zwis-
chen der konzentrischen Gliederung des
Prifrontalen Cortex von seinen Grenzre-
gionen aus und der Organisation der
zugehorigen Thalamuskerne, des Nucleus
medialis dorsalis im Verhiltnis zu den ihn
umgebenden unspezifischen Kernen. Da das
unspezifische thalamische Projektionssys-
tem spezielle elektrophysiologische Affini-
taten zu den alten Grenzregionen und zur
Prifrontalrinde selbst zeigt, wird eine
phylogenetisch alte Wurzel des “Antriebes”
im retikuliren Aktivierungssystem ange-
nommen.
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The Frontal Eye Field of the Monkey

In 1874, Hitzig and Ferrier > ' showed
for the first time that it was possible in
dogs and monkeys to elicit a horizontal de-
viation of the eyes towards the contralate-
ral side by electrical stimulation of a cer-
tain region of the frontal lobe. Since then,
study of the neural mechanisms responsi-
ble for ocular motility has occupied nume-
rous neurologists, neurcanatomists and neu-
rophysiclogists.

Nevertheless, our knowledge of these
mechanisms is still very fragmentary, and
the schemas of the oculogyral pathways
which are generally to be found in text-
books of neurology are not based on suffi-
ciently well established anatomical and
physiological data. Such schemas oversim-
plify the central oculogyral pathways and
incorporate to a greater or lesser extent
features of unproved hypotheses. Moreover,
in man and in higher animals, the oculo-
motor mechanism is particularly complex,
since binocular vision requires conjugate
eye movements.

Under the guidance of our director, Pro-
fesor P. Van Gehuchten, who has already
carried out much research into the pro-
blem of the conjugate motility of the eyes,
we undertook an experimental study of the
functions and efferent pathways of the
frontal eye field of the monkey® '. Our
first experiments were performed in 1951,
under the direction of J. F. Fulton, who
held the Franqui Chair at the Universi-
ty of Louvain.

The study was made on 49 macaque
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monkeys, and is divided into three parts.
The principal findings are presented below.

i. Electrical stimulation cf the
frontal eye field

The topography and functions of 20 dif-
ferent oculomotor fields were studied in
i4 monkeys, using either acute methods,
during the surgical intervention, or chro-
nic, using permanent electrodes.

In the monkey, the frontal eye field re-
sembles a horizontal V, the two branches
forming the anterior lip of the arcuate sul-
cus. From a schema (Fig. 1) showing a
total of 75 points stimulated by permanent
electrodes, it is evident that each branch of
the frontal eye field can be divided into
three sectors, each with its own oculomotor
function: conjugate deviation of the eyes
either horizontally towards the contralate-
ral side, or obliquely towards the contra-
lateral side, upwards or downwards. This
schema confirms and details the observa-
tions published in 1952 by Crosby et al.”
However, stimulation of the sectors VT
and DT by permanent electrodes does not
provoke ocular divergence, contrary to re-
sults obtained in the same area in acute
experiments reported by Crosby et al. 7 and
ourselves .

Furthermore, as several authors (Mortt
and Schifer '%, Crosby et al.”, Pasik and
Pasik, 1961) have previously observed, si-
multaneous bilateral stimulation of homo-

Vol, ., — Number 3-4, 1966,
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logous regions elicits purely vertical mo- dy, and even a circling movement towards
the contralateral side (Fig. 3). This de-

vements, either upwards or downwards
(Fig. 2). monstrates well that the eye field controls
Though each sector has its own oculo- not only ocular, pupillary and eye-lid mo-
motor function, excitation at any point of tility, but also that it has connections with
the eye field also gives rise to accessory res-  the vestibular system. To use Hassler’s
term ”, the frontal oculomotor cortex is

ponses: opening of the eye-lids, dilatation
of the pupils, rotation of the head and bo- part of the "adversive contraversive” sys-

i 62 73 %24 ‘ . |
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Fig. 1. — Schema of the two frontal eye fields of the monkey.
All the points stimulated during the chronic exrperiments are re-
presented by a circle, a rectangle or a triangle, according to the
type of electrode used. The number given to each point in the
motor area refers to both the monkey and the electrode. These,
75 points were distributed over 11 different oculomotor fields
in 8 monkeys with permanently implanted electrodes. The dotted
lines encircle groups of motor points which gave identical res-
ponses to stimulation. The functional subdivisions thus delineated
have been given the mames proposed by Crosby et al. (1952):
DE: dorsal extension of the dorsal subfield; DT: dorsal subfield;
A: apex; VS: ventral subfield; VT: ventral transitional area;
VE: ventral extension of the dorsal subfield.

tem responsible for movements of body ro- and Smith ¥ 1%, Neither have we been able
to find the centres responsible for dilata-

tation (Wendebewegungen).
It should be remembered, however, that tion or constriction of the pupils, which
Jampel ¥ believed he was observing when

these different accessory responses originate

from the entire eye field and that none are  he stimulated monkeys under light anaes-
especially connected with any particular thesia, :
site, contrary to the old charts published by The map of the frontal eye field (Fig. 4),
Mott and Schifer ', Vogt and Vogt** *®  which we have made more precise in the

20,
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unanaesthetized monkey with permanent
cortical electrodes, is not essentially diffe-
rent from that which Krieger et al. ' and
Wagman et al. ** described in monkeys who
were unanaesthetized but immobilized by

a transverse section of the cervical cord.
According to these authors, the cortical
oculomotor representation is extended over
a large area, but careful analysis of the re-
sults shows that the threshold of excitation

Fig., 2.

— Stimulation of different regions of the eye field in

the monkey with bileteral permanent electrodes: A. Left apex:
oblique deviation upwards and to the right; B.Left apex + right
apex: vertical and upward deviation; C. Right apex: oblique
deviation upwards and to the left; D. Left VE: oblique devia-
tion downwards and to the right; E. Left VE 4+ right VE: ver-
tical and downward deviation; R. Right VE: oblique deviation
downwards and to the left (extracts from a cine-film:
Monkey 41).

is lowest in the cortex bordering the con-
cavity of the arcuate sulcus. It is here, the-
refore, that the functional differentiation
of the cortex is most marked for ocular
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movements. Furthermore, in these authors’
schema, one finds a functional subdivision
comparable with that which we have des-
cribed notably - for the sectors DE, DS, A

Vol. 5, —
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and V.S. As we have also noted in the Il. Destruction of the frontal eye field
course of our own chronic experiments,

these authors have not found the move- We have studied the consequences of
ments of convergence or divergence des- partial or complete destruction of the eye
cribed by Crosby et al. 7 and by ourselves *  field in 24 monkeys, either by ablation, or
in acute experiments. by thermocoagulation, or by subpial suc-

Fig. 3. — Continuous stimulation (7 volts, 0.5 millisec., 70 C/S)

of the left D.S. The monkey, freemoving in a glass case, made

several circling movements to the right, then flattened itself
against the floor (extracts from a cine-film: Monkey 52).

Vol 5. Number 3-4 — 1066. ~ 265
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tion (Fig. 5). Post-operational disturban-
ces may be divided into five categories:

1. Oculomotor disturbances: conjugate
deviation of the eyes towards the lesioned
side, paralysis of gaze towards the con-
tralateral side, occasional nystagmus to-
wards the lesioned side and some brief di-
vergence or convergence movements of the

eyes. These disturbances are temporary and
do not last for more than 1 to 4 days.

2. Pupillary disturbances: anisocoria,
which varies as a function of the environ-
metal light conditions. We have frequently
noticed that the mydriasis which occurs in
shadow and the myosis elicited by light are
less pronounced on the contralateral side.

Fig. 4. — The schema in fig. 1, showing the functional sub-
divisions of the frontal eye field, is presented here for the
left hemisphere of the monkey (Macacus cynomolgus). As the
arrows show, each sector has its own oculomotor function, and
the responses to stimulation of the dorsal branch are similar to
those of the ventral branch, in mirror-image fashion. The sectors
DT and VT do mnot provoke divergence or convergence of the
eyes, but they do give rise to a horizontal ocular deviation which
is characterized by its weakness, slowness and sometimes by its

hesitant or sporadic nature.

It would thus seem that pupillary reflexes
to light are reduced on the contralateral
side or that these reflexes are exaggerated
on the lesioned side. This anisocoria lasts
for 2 to 10 days and sometimes even for
more than 27 days.

3. Disturbances in equilibrium: these
consist of a rotation of head and body,
together with a forced circling movement
towards the lesioned side (Fig. 6). This
spectacular disturbance does not last for
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more than 1 or 2 days, and reproduces, in
the opposite direction, the results obtained
by cortical stimulation. It emphasizes once
again the relationships which exist be-
tween the oculogyral and vestibular sys-
tems.

4. Visual deficit: In the visual field on

the contralateral side, the animal does not
seem to see anything, to such an extent
that the reflex of blinking at a threaten-
ing gesture disappears from this side

Vol. 5, —
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Fig. 5. — Lateral
view of the left
hemisphere, 26

days after abla-
tion of the entire
frontal eye field
by subpial suction
(Monkey 55).

Fig. 6. — Nine
hours after the
de.truction of the
entire left eye
field, the monkey
exhibits a devia-
tion of the head
and body towards
the lesioned side
and a forced cir-
cling movement.
Five successive
phases of this are
shown in views
A to E

(Monkey 58).

~ 267



INTERNATIONAL JOURNAL OF NEUROLOGY

(Fig. 7). This is not a true hemianopsia,
however, since bilateral destruction of the
eye field does not give rise to such blind-
ness. Moreover, several observations in the
literature show that the visual fields remain
normal in patients with an apparent hemia-
nopsia on the side contralateral to a frontal
lesion ' 17, One has therefore to talk in
terms of a pseudo-hemianopsia, or rather of
a visual hemiagnosia. As will be seen be-
low, this visual deficit lasts for about as
long as the optokinetic nystagmus distur-
bances. In consequence, we are of the opi-

nion that this visual deficit, resulting from
a destruction of the frontal eye field, is
comparable with gnosic disorders which
may accompany apraxic disturbances of
frontal origin. This visual hemiagnosia of
frontal origin could be compared to disor-
ders of verbal understanding and verbal
deafness which can accompany motor apha-
sia **. It is for this reason that one can
consider the frontal eye field to be a pra-
xic centre, whose function is more com-
plex than that of the pre-central motor
cortex.

Fig. 7. — Having undergone thermocoagulation of the left eye

field 48 hours earlier, this monkey ignores the banana presented

to him in his right visual field (A), but he reaches for it as

soon as it is moved towards the left side of the median line
(extracts from a cine-film: Monkey 39).

This visual disorder of frontal origin
should not be confused with the true he-
mianopsia which can be observed in cer-
tain cases of frontal tumor. Ziilch *!#* has
stressed the pathogenesis of softenings of
the striated occipital area. This complica-
tion may be produced in cases of frontal
tumor accompanied by considerable oede-
ma of the cerebral hemisphere and tem-
poral herniation with compression of the
posterior cerebral artery.
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Visual hemiagnosia of frontal origin
may persist for 2 to 5 weeks. It is the only
perceptual deficit which we have observed,
and we have never been able to discover
any other sensitive or sensory disturbance,
contrary to the observations of Welch and
Stuteville =2,

5. Optokinetic nystagmus disturbances
(O.K.N.): We have studied the various
modifications of O.K.N. after 13 different
interventions in the eye fields of 7 mon-

Vol. 5.
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keys. The animal was placed inside a lar-
ge rotating drum, according to the criteria
defined by Krieger and Bender '*, and ocu-
lar movements were registered by obtain-
ing the corneo-retinal potentials.

O.K.N. in a normal monkey (Fig. 8) is
characterized by regular movements of the
eyes towards the right or towards the left,
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manner, according to the speed of rotation
of the drum. After the drum has stop-
ped, a direct optokinetic afternystagmus
(O.K.A.N.) often appears, lasting for
about one minute. This is followed, in cer-
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Fig. 8. — Continuous recording of O.K.N. in a normal monkey.

The first two lines represent the movements of the right and left
eyes respectively. The deflections of these lines upwards (or down-
wards) correspond to an ocular deviation to the right (or left).
The rectilinear and curved deflections represent successively the
rapid and slow phases of the nystagmus. The third line registers
the photoelectric cell, which indicates the rotation of the drum
around the animal. The horizontal arrow pointing left indicates
that the drum is turning in an anticlockwise direction, i.e. that
the black bands are moving towards the left in front of the ani-
mal’s eyes. The vertical arrow indicates the stopping of the drum
and the beginning of the' dark period after an effective rotation
of 6 minutes. It can be seen that O.K.N. is maintained for 58
seconds, as a direct O.K.A.N. Following this, an inverse an retarded
O.K.A.N. progressively appears, and remains for 110 seconds.

O.K.N. towards the contralateral si-

nutes. This phenomenon of inversion of af- a)

ter-O.K.N. has not previously been descri-
bed, and allows one to suggest an analogy
with vestibular nystagmus.

O.K.N. disorders, provoked by the des-
truction of the frontal eye field, are com-
plex, and only a brief résumé can be given
here.
Vol 5.

— Number 3-4, — 1966,

de is very much more difficult to obtain,
is less regular and slower than in the op-
posite direction. This phenomenon is due
principally to a weakening of the rapid
phase towards the undamaged side. These
rapid jerks become more and more weak,
and after a time it appears that the eyes
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are fixed towards the lesioned side (per-

manent conjugate deviation). This fixation
is eventually interrupted by a blinking of
the eye-lids (fig. 9). Furthermore, the di-
rect O.K.A.N. almost disappears and is re-
placed by an inverse and immediate
O.K.A.N. which can last for 1 to 7 mi-

nutes.

b) O.K.N. towards the lesioned side, on
the other hand, is better formed, more re-
gular 2nd more rapid. It is synchronous or
hypersynchronous and is often accompa-
nied by short, rapid, isolated or grouped
jerks towards the side of the lesion. Direct
O.K.A.N. is frequent and continues some-
times for almost 3 minutes (maximum 1
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Fig. 9. — Disturbances of O.K.N., 5 days after destruction of

the entire left eye field (Monkey 55). The O.K.N. to the left,
induced by rotation of the drum to the right, is clearly formed
(A). Whea the direction cf rotation is reversed (to the left),
O.K.N. towards the left is prolonged for :teveral secends more,
until terminated by a blinking of the eye-lids (). After a
period of ocular immobility, O.K.N. towards the right appears,
irregularly and sporadically, regardless of the speed of the ro-
tating drum (B). Note the 3 successive sequences of ocular res-
pcense: 1) progressive weakening of the rapid phases towards
the right (deflecticis of the two first lines upwards); 2) fixa-
tion (persi.tent deviation of the eyes to the left); 3) blinking
of the eye-lids (]). The horizontad line in the lower right- hand
corner represents 1 second.

minute for nermal monkeys). Inverse and
retarded O.K.A.N. is extremely rare.
From a general point of view, these mo-
difications of O.K.N. reflect, on the one
hand, the weakening of the rapid phase
towards the undamaged side, and on the
other, the relative hypertonia of the ocu-
legyral mechanism towards the lesioned
side. They last for about 3 to 5 weeks and
thus exceed the duration of the apparent
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cculomotor disorders. This shows that nys-
tagmographic research is a more exact me-
thod than that of simple, direct observa-
tion of ocular motility. It would therefore
be profitable to use this method more fre-
quently in human clinical work.

The frontal eye field thus intervenes in
the production and in the regulation of
the rapid phase of O.K.N. towards the con-
tralateral side. Study of O.K.N. in the nor-

Vel. 5. 1966
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mal monkey or in the monkey whose ocu-
lomotor field has been destroyed, has also
demonstrated that the rapid phase is not
a simple “correction reflex” ¢ of the optic
axis. On the contrary, as Stenvers*" also
thought, we are dealing with an active
movement which we have called a “research
movement” and which is the “primum mo-

vens” of O.K.N. In order to understand the
complicated mechanism of O.K.N., we have
put forward a schema of the neural path-
ways which could play a part in the pro-
duction of the rapid and slow phases
(Fig. 10).

The diffcrent phenomena observed after
the destruction of the entire eye field are

—+& !
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Fig. 10. — Schema of the neural pathways which may mediate
in the production of the rapid and slow phases of O.K.N, —
1. When a moving object appears on the right side of the visual
field. its image is perceived by the left oceipital lobe (A). —
2. For macular vision, impulses are transmitted frem the left
occipital lobe homolateral frontal eye field (B). which then di-
rects the “research. movement” to the right (rapid phase of
O.K.N.), by the mediation of the subcortical oculomotor centres
(C). The occipito-frontal messages pass beneath the angular
gyrus (D), where they perhaps are relayed (cf. observations on
humans). -—— 3. The image of an object continuing to move to
the left spreads to the right, overflows the macula and reaches
in entirety the right occipital lobe (E). This coastantly corrects
the position of the eyes by a pursuit movement (slcw phase of
O.K.N.) in order to maintain the fixation reflex. Thi; pursuit
movement is directly controlled by the right occipital lobe, by
means of the posterior optomotor pathway (F).

also to be found with the same intensity
and the same duration after the destruction
of the ventral branch of the eye field. On
the other hand, if the dorsal branch alone
is destroyed, the external oculomotor dis-
orders and the disturbances in equilibrium
are almost entirely absent, while the pu-
pillary disturbances, the visual deficit and

Vol 5. Number 3-4, — 1966,

the disturbances of O.K.N. are almost as
intense as when the destruction was total.
This demonstrates that the dorsal branch
has a secondary importance in compari-
son with the ventral branch, which must
therefore be considered as the primary eye
field. This conclusion is contrary to the
hypothesis formulated several times by
Crosby in the last few years.
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Fig. 11. — Frontal section passing through
the anterior commissure (CA). In the an-
terior arm of the internal capsule (CI), the
greater part of the degenerated fibres are
grouped in a triangular mass, whose base
rests against the globus pallidus (GP) and
whose apex (| ) is near the caudate nu-
cleus (NC). Several bundles of degenerated
fibres run into the juxta-cups.ular zone of
the globus pallidus. (Monkey 40, with total
left eye field destruction, 21 days before
death. Marchi tecnique).

.  Efferent pathways from the
frontal eye fieid

Using the Marchi technique, we have
tollowed the corticofugal fibres leading
from the eye field of 12 monkeys over a
total of 4,600 serial sections. It is because
of the larger number of monkeys used
than in previous studies and also because
sections were performed in various planes,
from one monkey to the next —frontal,
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Fig. 12. — Awxial section, showing well the
degenerated fibres which pass through the
internal capsule (CI) and disappear into
the zona incerta (ZI) and the lenticular fas-
ciculus (H2). (Monkey 13, with destruction
of the left ventral branch of the frontal eye
fields, 15 days before death. No retouching
of photograph. Marchi technique,
Enlarged 105 X).

axial or horizontal— that we are able to
give a detailed description of the path ta-
ken by the degenerate fibres.

Besides the associative fibres going to the
trontal, temporal and occipital cortex, and
the commisural fibres going to the eye
field and to the internal capsule of the
opposite hemisphere, we have observed nu-
merous descending fibres, grouped in the
internal capsule in the form of a triangle
whose base rests on the globus pallidus
(Fig. 11). Part of these fibres also cross the
juxta-capsular region of the pallidum. Af-
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ter this, these fibres separate in two prin-
cipal directions:

a) The non-crossed cortico-diencephalo-
mesencephalic pathway. These fibres cross
the ventro-lateral portion of the thalamus,
the fields H 1 and H 2 of Forel and the
zona incerta (Fig. 12). They terminate for
the most part in the peri-aqueducal grey
matter, in the oral region of the III nu-
cleus, in the pretectum, in the superior col-
liculus and above all, in the homolateral
mesencephalic reticular formation. The
course of this pathway (Fig. 13) may be
superimposed on the topography of the
“adversive contraversive” system described
by Hassler Y. This author and several others
have recently shown, in animals as well as
in man, that stimulation or destruction of

Fig. 13. — Frontal section passing
through the thalamus (T) and the
red nucleus (R). The dotted lines
indicate schematically the course
of the two large descending path-
ways emerging from the frontal
eye field: 1) The non-crossed
cortico-diencephal!o-mesencephalic

pathway: These fibres leave the
internal capsule, cross the thala-
mus (T), the fields H 1 and H 2

of Forel, the zona incerta (ZI) and
descend in two directions: a) into
the central tegmental tract (RC)
and into the medial lemniscus
(RRM) towards the perirubric cap-
sule and, above all, the mesence-
phalic reticular formation; b) into
the field H of Forel and into the
peri-aqueductal grey matter in the
neighbourhood of the fascicle of
Meynert (M), towards the III°
nuclear complex, the nuclei of
Cajal and of Darkschewitsch, the
pretectum and the superior collicu-
lus, — 2) Déjerino’s aberrant py-
ramidal system: These fibres des-
cend into the median third of the
pes pedunculi (PP) and partially
into the locus niger (LN), under
which they gather together to form
a sheath of aberrant pyramidal fi-

these deeper regions, by stereotaxic me-
thods, provokes symptoms closely compara-
ble with those obtainable in the cortical
eye field. It is for this reason that we con-
sider that the anatomical substrate of the
diencephalic apparatus for “contraversi-
ve” movements, such as was described by
Hassler, could be constitued, at least in
part, by these corticofugal fibres which
cross these regions. Moreover, there is a
remarkable similarity between the course
of the non-crossed cortico-diencephalo-
mesencephalic pathway, which we have
described, and the oculo-motor pathways
recently traced by Bender and Shanzer
(1964) by numerous stimulation expe-

riments and destruction of the brain stem
of the monkey. Our observations also sup-

bres (PA). They then reach the medial lemniscus (RRM) and disperse into the

pontine reticular formation, especially on the contralateral side. Certain fibres

leave the median fascicles of the pomtine pyramidal tract directly and also go
towards the bilateral reticular formation.

Vol 5. — Number 3-4, — 1966

~ 273



INTERNATIONAL JOURNAL OF NEUROLOGY

»

port the theory of Szentagothai®! **, ac-
cording to which the supra-nuclear centre
of the conjugate movements of the eyes
towards the contralateral side would be
situated in the mesencephalic reticular
formation. This non-crossed cortico-dience-
phalo-mesencephalic pathway would thus
conduct oculemotor impulses not only in
the vertical plane but also in the hori-
zontal.

b) Other fibres compose classical Déje-
rine’s aberrant pyramidal system (Fig. 13).
They descend in the median third of the
pes pedunculi (Fig. 14), cross the locus
niger and gather together in a bundle
which passes to the medial lemniscus.
These fibres end chiefly in the paramedian
zone of the pontine reticular formation on
both sides: but mainly on the contralateral
side (Fig. 15). We have never observed

Fig. 14. — Horizontal section, passing through the red nucleus
(R), the tuber cinereum (1'C), the optic tract (BO) and the la-
teral geniculate body (GL). These degenerate fibre.: are concen-
trated in the median third of the pes pedunculi (PP), (Monkey
5, with left ventral branch destruction, 19 days before death.
No retocuching of microphotograph. Marchi technique.
Enlarged 13 X).

these fibres to reach the VI nucleus and
those which reach the vestibular nuclei on
both sides are extremely rare. This cortico-
pontine group could also conduct the ocu-
lomotor impulses by means of the pontine
reticular formation, but we think that one
must primarily attribute to it the function
of control over the vestibular system or the
system of wakefulness. These fibres would
also be responsible for the awakening res-
ponse which Smith '" and other authors have
obtained by stimulation of the frontal
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cye field. This awakening response was
sometimes interpreted as an “eye center-
ing” reaction or “midposition phenome-
ﬂon” I, 2, b, 27, 2.‘5.

It is evident that our hodographic stu-
dy does not allow one to determine the
exact the functions of the two anatomical
pathways thus traced. The functions which
we have proposed are hypotheses which
neurophysiological experiments must ve-
rify.

Though our research clarifies the anato-
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Fig. 15. — Awxial section, passing through the medwan raphe (Ra)

of the superior region of the pons and through the medial lem-

niscus (RRM) on either side. Several fibres originating in the left

(on the right-hand-side, in the figure) cross the raphe and enter

the contralateral pontine reticular formation. (Monkey 13, with left

ventral branch destruction, 15 days before death. No retouching
of microphotograph. Marchi technique. Enlarged 50 X).

mical course of the first neuronal link from
the cculogyral pathway this is no true for
the succeeding links, which are particular-
ly complex #*. Indeed, as neuropathclogi-
cal observations and recent neurophysiolo-

SUM

The experiments of this work were per-
formed on 49 monkeys (macaca mulatta)
and the results are divided into three parts.

1)  Electrical stimulation of the frontal
eye field, in acute experiments or, in the
majority of the cases, with permanent elec-
trodes on the cortex. The frontal eye field
is localized in the concavity of the arcuate
sulcus and is divided into areas, each of
which representing specific oculomotor
functions: horizontal deviation to the op-
posite side and obligquely upward or down-
ward deviation to the contralateral side. As
was shown by Crosby et al. (1952), the
Vol 5,

Number 34, L9606

gical experiments have shown, the subcor-
tical oculomotor system appears to be very
extensive, depending on “widely dispersed
neuronal elements, which seem at least lar-
gely reticular”.

MARY

responses to stimulation of the dorsal sub-
field are similar to those from the ventral
subfield, in mirror-image fashion. Excita-
tion of every point of the frontal eye field
also elicits accesory responses: opening of
the eyelids, dilatation of the pupils, turning
of the head and trunk to the opposite side
and circling movement toward contralate-
ral side (by means of stronger stimuli).

2) Partial or total destruction of the
frontal eye field. The signs and symptoms
are grouped into five headings: disturban-
ces in eye movements in pupils, in equili-
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brium, in vision and in optokinetic nys-
tagmus; (O.K.N.).

The frontal eye field is considered as a
“praxic center”, the lesion of which causes
not only motor impairment but also mani-
festations of agnosia (visual hemiagnosia).

This visual defect lasts approximately as
long as the disorders of O.K.N. The elec-
tro-nystagmographic study may be conside-
red as a more refined method than usual
clinical observation of the eye movements.
The fast phase represents the “primum
movens” of the OK.N. and we call it
“research movement” since it is an active
movement dependent on the frontal eye
field and it is not a correction reflex of the
optic axis. Numerous normal and patholo-
gical electronystagmograms have shown
that optokinetic after-nystagmus may be
direct or inverted.

3) Study of the efferent pathways from
the frontal eye field. The corticofugal fi-
bres studied on 12 monkeys with the Mar-
chi technique are grouped into associative,
commissural and descending fibres. These

RESU

Los experimentos de este trabajo fueron
realizados en 49 monos (macaca mulatta)
y los resultados son divididos en tres partes.

1) Estimulacion del campo visual fron-
tal en experimentos agudos o en la mayo-
ria de los casos con electrodos permanentes
en la corteza. El area visual frontal esta si-
tuada en la concavidad del surco “arcua-
tus” y esta formada por areas que tienen
asignadas cada una una funcion oculomo-
tora propia: desviacion horizontal, oblicua,
hacia el lado opuesto o hacia arriba y ha-
cia abajo. Como lo demostraron Crosby y
otros (1952) las respuestas a la estimula-
cion del subcampo dorsal son similares a
las evocadas en el subcampo ventral a la
manera de la imagen en espejo. La exci-
tacion de cualquier punto del campo vi-
sual frontal evoca ademas respuestas secun-
darias: apertura de los parpados, dilata-
cién de las pupilas, rotacion de la cabeza
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last are divided from the internal capsula
into two parts:

a) Non crossed cortico-diencephalo-
mesencephalic pathway, which constitutes
the anatomical substratum of the dience-
phalic “contraversive” system described by
Hassler (1956). These fibres distribute es-
pecially to the homolateral mesencephalic
reticular formation which Szentagothai
(1943, 1950) considered as the “supra-nu-
clear center” for the conjugate eye move-
ments to the opposite side. This pathway
is very similar to the oculomotor pathway
recently defined by electric stimulation
and lesions in the brainstem of monkey
(Bender and Shanzer, 1964).

b) The other fibres constitute a por-
tion of Déjerine’s aberrant pyramidal sys-
tem. They end chiefly in the paramedian
zone of the pontine reticular formation, on
both sides but mainly on the contralateral
one. They are may be concerned with the
control of the vestibular and awakening
systems.

M E N

y del tronco hacia el lado opuesto y movi-
miento giratorio hacia el lado opuesto
(cuando se aplican estimulos mas fuertes).

2) Destruccion parcial o total del cam-
po visual frontal. Los signos y sintomas son
agrupados bajo cinco titulos: alteraciones
oculomotoras, alteraciones pupilares, per-
turbaciones del equilibrio, defectos visuales
y modificaciones del nistagmus optoquiné-
tico. El campo visual frontal es considera-
do como un “centro praxico”, cuya lesién
causa no soOlo alteraciones motoras sino
también la aparicion de agnosia (hemiag-
nosia visual). Este defecto se mantiene
aproximadamente tanto tiempo como los
disturbios del nistagmus optoquinético. El
estudio electronistagmografico agrega da-
tos mas precisos acerca de los mecanismos
oculomotores a los que surgen de la simple
observacion clinica. La fase rapida repre-
senta el “primum movens’ del nistagmus
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optoquinético y lo hemos denominado “re-
search movement” (movimiento de inda-
gacion) dado que es un movimiento ac-
tivo que depende del campo visual frontal
v no un reflejo de correccion del eje op-
tico.

El estudio de nistagmogramas patolégicos
y normales demostré que el postnistagmus
optoquinético puede ser directo o inverso.

3) Estudio de las vias eferentes del cam-
po wvisual fromtal. La técnica de Marchi
aplicada a 12 monos revels, ademas de las
fibras asociativas y comisurales la existen-
cia de fibras descendentes que se dividen
en dos vias:

a) Via cortico-diencefalo-mesencefdlica
no cruzada que constituye el sustrato ana-
tomico del aparato diencefalico para mo-
vimientos “contraversivos” (Hassler, 1956),

que se dirige principalmente hacia la for-
macion reticular mesencefalica homolate-
ral, considerada por Szentagothai (1943,
1950) como un “centro supra nuclear” para
el movimiento conjugado de los ojos del
lado opuesto. Esta via es muy similar a la
recientemente definida mediante estimula-
cién eléctrica y lesiones al nivel del diencé-
falc y del tronco cerebral en el mono (Ben-
der y Shanzer, 1964).

b) Las fibras que constituyen una por-
cion de la viz piramidal aberrante de De-
jerine, que terminan en la zona paramedial
de la formacién reticular protuberancial a
ambos lados aunque en mayor grado del la-
do opuesto, cuya funcién podria estar en
relacion con el control de los sistemas ves-
tibular y del despertar.

RESUME

Ce travail porte sur 49 singes macaques
et se divise en trois parties.

1) Stimulation électrique de l'aire ocu-
logyre fromtale; de facon aigué ou, dans
plus de la moitié des cas, de facon chroni-
que au moyen d’é¢lectrodes a demeure. L'ai-
re oculogyre se trouve dans la concavité du
sillon arqué et se divise en secteurs dont
chacun a une fonction oculomotrice pro-
pre: déviation conjuguée des yeux soit ho-
rizontalement vers le coté oppesé, soit obli-
quement vers le coté opposé et vers le haut
ou vers le bas, En outre, comme 'ont mon-
tré Crosby et coll. (1952), la branche dor-
sale constitue I'image en miroir de la bran-
che ventrale. Il faut ajouter que I'excitation
de n’importe quel point de I'aire oculogyre
provoque des réponses accessoires: ouvertu-
re des paupieres, dilatation des deux pupi-
lles, rotation de la téte et du corps vers
le coté opposé et, si le stimulus est plus
intense, mouvement de maneége vers le coté
opposé.

2) Destruction partielle ou totale de
Paire oculogyre frontale. Les phénoménes
post-opératoires se répartissent en cing
groupes: troubles oculomoteurs, troubles
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pupillaires, troubles de l'equilibration, défi-
cit visuel, perturbations du nystagmus op-
tocinétique (N.O.C.). L’aire oculogyre
frontale constitue un centre praxique, dont
la destruction engendre non seulement des
désordres moteurs, mais aussi des troubles
gnosiques (hémiagnosie visuelle). Ce défi-
cit visuel dure a peu prés aussi longtemps
que les troubles du N.O.C., dont I'étude
apporte des renseignements plus précis sur
les mécanismes oculomoteurs que la simple
observation directe de la motilité oculaire.
La secousse rapide est le primum movens
du N.O.C. et nous l'avons appelée “mou-
vement de recherche” pour montrer qu’il
s'agit d'un mouvement actif dépendant de
I'aire oculogyre et non d'un réflexe de co-
rrection de I'axe optique. L'étude de nom-
breux nystagmogrammes a montré que le
post-N.O.C. peut étre direct ou inversé, a
I'é¢tat normal et pathologique.

3) Etude hodographique des fibres ef-
férentes, issues de l'aire oculogyre fromtale.
La méthode de Marchi appliquée chez 12
singes a révélé, a coté de fibres associatives
et commissurales, des fibres descendantes
qui se divisent en deux voies a partir de
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la capsule interne: a) La voie cortico-dien-
cephalo-mésencephalique non croisée, qui
constitue le substratum anatomique de I'ap-
pareil diencéphalique pour les mouvements
“contraversifs” (Hassler, 1956) et qui
aboutit notamment dans la formation réti-
culée mésencéphalique homolatérale, ou
Szentagothai (1943, 1950) place le centre
supra-nucléaire des mouvements conjugués
des yeux vers le coté opposé; cette voie
coincide avec la voie oculomotrice tracée

récemment par Bender et Shanzer (1964)
au moyen de stimulations ¢lectriques et de
Iésions au niveau du diencéphale et du
tronc cérébral. b) Les fibres de la voie py-
ramidale aberrante de Dejerine, qui se
perdent dans le secteur paramédian de la
formation réticulée protubérantielle de
chaque coté et surtout du coté opposé et
dont la fonction pourrait étre surtout le
contréle du systeme vestibulaire et du sys-
teme d’éveil.

ZUSAMMENFASSUNG

Diese Untersuchung bezieht sich auf 49
Macacus-Affen. Sie enthilt drei Teile.

1) Elektrische Reizung der frontalen
oculogyralen Hirnrinde entweder wahrend
des akuten Experimentes oder, in tiber die
Hilfte der Fille, im chronischen Experi-
ment mittels Dauer-Elektroden. Die oculo-
gyrale Hirnrinde bewindet sich in der
Konkavitit des Sulcus arcuatus und lasst
sich in verschiedenen Sektoren aufteilen,
die je eine spezifische oculomotorische
Funktion besitzen; conjugierte Drehbewe-
gung der Augen entweder in horizontaler
Richtung zur entgegengesetzter Seite und
nach oben oder nach unten. Der dorsale
Zweig bildet ausserdem wie durch Crosby
et al. (1952) beschrieben wurde, das Spie-
gelbild des ventralen Teiles. Es ist hinzuzu-
fiigen dass die Reizung jewelches Punktes
der oculogyralen Hirnrinde Nebenbewe-
gungen erzeugt: Oeffnen der Augen, Erwei-
terung der Pupillen, Rotation des Hauptes
und des Korpers zur entgegengesetzter Sei-
te, und bei intensiveren Reizung, Manege-
bewegung zur entgegengesetzer Seite.

2) Partielle oder totale Destruktion
der frontalen oculogyralen Hirnrinde. Die
post-operativen Erscheinungen lassen sich
in funf Gruppen aufteilen: oculomotorische
Storungen, pupillire Storungen, Gleich-
gewichts-Storugen, wvisueller Defekt, Sto-
rungen des optokinetischen Nystagmus
(O.K.N.). Die frontale oculogyrale Hirn-
rinde ist ein Zentrum der Praxis, dessen
Destruktion nicht nur motorische Storun-
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gen erzeugt, sondern auch Storungen der
Gnosie. Der visuelle Defekt hallt ungefahr
genauso lang an wie die Storungen des
O.K.N., dessen Untersuchung genauere Er-
gebnisse beziuglich der oculomotorischen
Mechanismen liefert als die einfache Be-
trachtung der Augenmotilitat. Die schnel-
le Zuckung ist das “primum movens” des
0O.K.N., die wir “Such-Bewegung” bennen-
ten, weil sie uw.E. eine aktive Bewegung,
abhingig der oculogyralen hirnrinde und
nicht ein Korrektionsreflex des optischen
Achses ist. Die Untersuchung vieler Nys-
tagmogrammen zeigte dass der O.K. post-
Nystagmus direkt oder umgekehrt sein
kann, im normalen wie im pathologischen
Zustand.

3) Hodograpbische Untersuchung der
efferenten Fasern der frontalen oculogyra-
len Hirnrinde. Die Firbung nach Marchi
bei 12 Affen zeigte, ausser den assoziativen
und kommissuralen Fasern, absteigende
Fasern, die sich in der Capsula interna in
zwei Bahnen aufteilen: a) eine nicht-ge-
kreuzte cortico-diencephalo-mesencepbalis-
che Bahn, welche das anatomische Substrat
des diencephalischen Mechanismus der con-
traversive Bewegungen darstellt (Hassler,
1956) und die in der homolateralen mesen-
cephalischen Formatio reticularis endigt,
wo Szentagothai (1943, 1950) das supra-
nucleire Zentrum der conjugierten Bewe-
gungen der Augen zur entgegengesetzter
Seite beschrieb. Diese Bahn ist identisch
mit der oculomotorischen Bahn, welche
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neulich durch Bender und Shanzer (1964)
mittels elektrischen Reizungen und Lisio-
nen im Diecephalon und Hirnstamm bes-
chrieben wurde.

b) Die Fasern der aberranten Pyrami-
denbabn von Déjerine, die reichen in den

paramedianen Theil der Protuberantiellen
Formatio reticularis beiderseits, vor allem
aber in die entgegengesetzte Seite, und de-
ren Funktion vielleicht die Kontrolle des
vestibuliren Systems und des Systems des
Wachzustandes darstellen konnte.

DISCUSSION
(Dr. Stefean Shanzer - U.S.A)

It is a privilege to discuss Dr. Brucher’s
paper and a pleasure to hear his important
contribution, especially for those of us who
are familiar with his monograph on the
same subject. It is heartening to hear a
consideration of eye movements in a wak-
ing organism since most of the recent au-
thors seem to be aware of eye movements
only during sleep. Dr. Brucher’s investiga-
tion is divided into a study of the effects
of stimulation, destruction, and of anato-
mic degeneration following frontal lesions.
All these merit some comments.

Electrical stimulation resulted in contra-
lateral conjugate deviation of the eye in
the hands of most investigators during the
past 95 years. But the detailed results have
varied considerably both in the character
of movement obtained and in the extent
of the excitable area. Dr. Brucher’s results
confirm some of the results of Crosby and
collaborators especially concerning the
“mirror image” distribution of responses
from the two banks of the arcuate sulcus.
But a study from our department (Wag-
man et al,, 1961) showed a less precisely
geometrical pattern of distribution and
indeed a much greater excitable area es-
pecially dorsolaterally to the arcuate sul-
cus on the surface of the hemisphere and
also rostrally to the classical eyefield. And
if stimulations were extended to the mesial
surface of the hemisphere a similarly ex-
citable area could be found resulting in a
direct extension of the classical frontal eye-
field. Stimulation of the frontal subcortex
also yielded contralateral deviations, often
horizontal but also oblique and occasional-
ly up or down. No geometrical pattern
could be discerned in the distribution of
Yol 5.
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oblique responses. This is quite unlike the
occipital subcortex which faithfully follows
the pattern obtained from surface stimula-
tion namely downward or downward and
contralateral (oblique) movements from
the dorsal portions of the occipital lobe
and upward or obliquely upward devia-
tions from the ventral portions.

One should also remember that while the
frontal and occipital regions are important
in yielding eye deviations they are not uni-
que. The temporal and posterior parietal
cortex behaves similarly and thus almost
the entire cortical surface with the excep-
tion of the regions immediately in front
and in back of the rolandic sulcus is in a
manner “‘oculomotor”. This makes a con-
cept of eye movement centers in the cere-
brum untenable.

As Dr. Brucher emphasizes, it is impor-
tant to remember that movement of the
eyes is not an isolated response. In an alert
freely moving monkey important postural
adjustment of the head body and limbs
will follow, and of course eyelid, facial and
pupillary responses are found, often very
pronounced and even giving rise to inte-
grated seizure responses if considerably su-
prathreshold stimuli are used.

The results of destruction of frontal eye-
fields as reported by Dr. Brucher raise im-
portant problems. Most past investigators
have also reported the alteration in postu-
re, forced eye deviations to the side of the
lesion and forced circling depending on the
depth and extent of the “cortical” lesion.
All these phenomena were usually fleeting
and in most studies no significant behavio-
ral deficit was apparent after the first few
days. Dr. Brucher describes also a visual
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deficit in his animals which he attributes
to a “visual hemiagnosia”. While I have no
personal experience with this type of pre-
paration, it is difficult to accept this hy-
pothesis. Kennard and Ectors (1938) re-
ported that monkey with left frontal “eye-
field” lesion did not seem to reach for
“peanut” in the right field of vision. These
monkeys had more than cortical lesions,
the damage extended deep into the caudate
nucleus. If the frontal eyefield were indeed
a “praxic center” bilateral lesions of the
frontal eyefields should really result in a
profound bilateral visual and perceptual
dysfunction with severe consequences for
the experimental animal. Such bilateral le-
sions do not affect the performance even
on complex visual tasks as demonstrated
among others by Pasik et al (1958) in our
department. Similarly wunilateral frontal
ablations do not induce a deficit in opto-
kinetic nystagmus in monkeys with pre-
vious ipsilateral occipital ablation. We are
in full agreement with Dr. Brucher as to
the importance of recording optokinetic
nystagmus as an objective measure of func-
tion but in the experiments performed in
our department no alteration in O.K.N. or
O.K.A.N. was seen in these animals. It is
possible that by using subtler techniques,
for instance measurement of the velocity of
the fast and slow components of nystag-
mus, some alteration could be found and
indeed such studies are being performed
at this time.

Finally concerning the results of the de-
generation studies after frontal lesions. We
have not performed such systematic stu-
dies. Dr. Brucher feels that his results fit
in with our behavioral observation on the
effects of stimulation and lesion of the
depth structures. Both stimulations and
lesions in our experiments were most effec-
tive in the paramedian brainstem area with
ipsilateral effects being particularly strong
in the pontine tegmentum and contrala-
teral effects distributed more rostrally and
dorsally in the midbrain and thalamus
(Bender and Shanzer, 1964). It should be
emphasized that the brainstem area in
which a small lesion will result in demons-
trable gaze deficit is much smaller than the
area where oculomotor responses are pre-
sent on electrical stimulation. Our experi-
ments do not permit us to select one or
two systems of fibers as sole mediators of
the oculomotor reactions. More than one
region of brainstem, containing complex
nets of fibers and cell masses was involved.
On occasion one may demonstrate a region
in the brainstem which when destroyed
will almost selectively abolish responses on
electric stimulation of one frontal eyefield.
And this may represent a correlation of
Dr. Brucher’s degeneration studies.

I would like to congratulate Dr. Brucher
on this thorough, comprehensive and im-
portant contribution which explains many
problems but also raises new important
questions for those interested in oculomotor
and visual functions.
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The Frontal Lobes and their Function:
Further Observations on Rodents, Carni-
vores, Subhuman Primates, and Man

INTRODUCTION

It is now nearly a-third of a century ago
that John Fulton and Carlyle Jacobsen
communicated their observations on beha-
vioral changes after prefrontal lobectomy
in primates to the Second International
Congress of Neurology in London (Fulton
& Jacobsen '7). Their report launched fron-
tal lobotomy in man, and thereby sharpened
the paradox that clings to the study of
frontal-lobe function at different phyloge-
netic levels. The paradox lies in an ap-
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parent contrast: in the animal, behavioral
consequences of frontal removals are clear-
cut yet almost impossible to interpret,
while observations on man, with frontal
injury, ablation or disease, are suggestive
of unitary interpretation, yet the facts
themselves are under persistent contro-
versy. A survey of the present state of the
field, three decades later, suggests that the
paradox is still wich us.

For animals below man, recent work has
confirmed and extended the findings of
specific losses on delayed-response and de-
layed-alternation tasks, first detected by
Jacobsen for the monkey over thirty years
ago (Jacobsen *'; Jacobsen & Nissen ).
Thus, rats, cats and Rhesus monkeys show
specific and lasting impairment on such
tasks** after bilateral removal of prefrontal

** The delayed-response task, in its sim-
plest form, involves presenting the animal
with two food wells, or inverted cups. One
of these is baited, in full view of the animal.
An opaque screen is then interposed bet-
ween animal and cups, for a specified delay
period (often 5 seconds); the screen is
raised and the animal permitted to look for
the bait. If he uncovers the wrong (un-
baited) cup, he is considered to have made
an error on this particular trial. Most ma-
caques with bilateral removals of the sul-
cus-principalis regionr in the frontal lobes
perform at chance levels on this task un-
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I. VISUAL

Fig. 1. — Diagrams showing
experiments involving judg-
ment of wvisual vertical (ex-
periments 1, 2, 3), or of pos-
tural wvertical (experiment
4), with body upright (ex-
periments 1 & 3), and with
body tilted (experiments 2
& 4). In experiment 1, the

2. VISUAL - POSTURAL P

4. POSTURAL

subject is upright and sets

a luminous line in a dark room to apvoarent wverticel, under purely visual con-
trol. In experiment 2, the zame visual judgment is made under conditions of
abnormal posture (body tilted) hence “visual-postural conflict”. In experiment 3,
posture is normal buf there is a conflicting (obliquely striped) visual background;
against this background the subject has to set a black thread to the appa-
rent vertical, under visual control. In experiment 4, the subject is blindfolded.
and has to bring the apparatus to the apparent vertical (purely “postural” task).
Experiments 1 and 4 (the purely postural tasks), did not distinguish between m2n
with anterior and posterior brain lesions, nor between either of these groups and
controls without brain injury. Experiment 2 (visual-postural task) was done

much more poorly by men with anterior penetration (see next figure),

and ex-

periment 3 (visual-visual conflict) more poorly by men with posterior than with
anterior lesions, providing an instance of “double dissociation”
(After Teuber & Mishkin, 1954).

cortex, or head of caudate nucleus, or
various related subcortical structures. In all
of these species, electrical stimulation of

less special variations of procedure are

introduced to assist them in their per-
formance (Malmo, #?; Mishkin and Pri-
bram, 3. Contrary to Jacobsen’s initial im-

pression #1, the failure of the bifrontal ma-
caque is not due to a loss of recent memory
since the same animals can learn and re-
tain visual discriminations quite well, Thus,
the two-cup test becomes soluble for them
as soon as one cup is made visually distinct
from the other. The delaved-alternation
task involves presentation of two cups, one
of which is baited. After the animal has
discovered the bait, he is given a series of
trials with the bait being placed by the
experimenter on each successive trial under
that cup which had previously been un-
baited. Again, various intratrial delays are
introduced.

ol By Number

dad, —- 1066,

these same anatomical structures transiently
interrupts accurate performance of these
tasks, and stimulation in these regions
during learning interferes with acquisition.
Yet, in spite of this consistency in expe-
rimental results, the nature of the delayed-
response deficit remains elusive.

By contrast, uncomplicated surgical re-
movals of cortex, from anterior frontal
regions in man, usually fail to produce
lasting interference with delayed-response
performance, and the literature on frontal-
lobe lesions is conflicting with respect to
positive after-effects, the reports ranging
from those claiming extreme changes in
emotional and intellectual function to those
reporting minimal or no effects on behavior
(compare Hebb **, and Hécaen & Ajuria-
guerra *1).
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Under these circumstances, we have at-
tempted to develop tasks that might be
sensitive to fairly subtle but persistent
changes in behavior after frontal-lobe le-
sions in man. The behavioral symptoms
revealed by these tasks are superficially
diverse, yet we believe they can be shown
to reflect a single, underlying change in
behavior. We believe further that this es-
sential change in man, once formulated,
might help us to understand the consistent
but seemingly inexplicable symptoms of
frontal-lobe removal in subhuman forms.

Characteristically, those tasks that seem
to depend most specifically on the integrity
of anterior forebrain structures in man are
neither purely sensory, nor purely motor,
but sensorimotor in the strict sense of that
term; nor are they readily classified as in-
volving “higher” functions in contradis-
tinction to lower ones (Teuber ™™ 2
Teuber & Mishkin “; Teuber and Proc-
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Fig. 2. — Results of experiments 1 and

2 (see preceding figure), in-terms of
average comstant errors, in degrees of
arc, for attempts at setting the wisual
vertical with body upright (experiment
1)and with body tilted (experiment 2):
either 28Y to the subjects’ left (diagrams
marked L) or right, respectively (dia-
grams marked R). A, P and C designate
results for 20 men with anterior brain
wounds, 20 with posterior brain wounds
and 20 controls with peripheral nerve
injuries but without cerebral involve-
ment. Significant differences among re-
sults are shown next to the appropriate
bar diagrams (From Teuber
& Mishkin, 1954).
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tor **). Even decades after frontal trauma,
patients may exhibit changes in perfor-
mance on a number of these specialized
tasks, including difficulty in judging the
perceived vertical under conditions of body
tilt, characteristic changes in reversal rates
for figures with reversible perspective,
trouble with voluntary visuomotor search-
ing, and impairment on tasks involving
rapid reversal of standpoint, while localiz-
ing designated spots on their own body.
We shall attempt to show how these see-
mingly disparate forms of impairment
might be subjected to a uniform inter-
pretation, and how this interpretation in
turn might illuminate the obscure nature
of the delayed-response and alternation
deficits after frontal lesions in species
below man.

On either level, human or subhuman,
these frontal-lobe syndromes cannot be
analyzed successfully in traditional stimu-
lus-response terms. As we have pointed ocut
elsewhere (Teuber % 51 62)  their analy-
sis requires a 180 degree turn: instead of
proceeding as is customary from sensory
input to motor output, the proper inter-
pretation of frontal-lobe symptomatology
seems to us to demand that we go from
motor to sensory systems by invoking a
mechanism which shunts, directly and cen-
trally, the motor pathways of the forebrain

into the sensory pathways (see also
Sperry *?; v. Holst and Mittelstaedt *;
Teuber 7 60, 61),

Specifically, we postulate a ‘corollary-
discharge mechanism’ which depends, for
its proper functioning, on the integrity of
frontal lobes and basal ganglia. This hy-
pothetical mechanism presets the sensory
regions in the brain at the onset of vo-
Jluntary motor acts, preparing the sensory
system for those changes that result from
normal execution of the intended move-
ment. Disturbances in this central motor-
to-sensory discharge, we propose, are at the
root of frontal-lobe symptomatology and
represent a major aspect of normal frontal-
lobe function in animal and man.

In order to develop these interpretations
in detail, we shall briefly review, first, the
— 1966.
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current findings on effects of frontal lesions
in rodents and carnivores as well as in pri-
mates below man, and then turn to enu-
meration of our specific results obrained
in man with frontal trauma. As will be
seen, the behavioral effects of lesions in
prefrontal cortex or anterior caudate nu-
cleus are strikingly equivalent in all of the
species considered here, in spite of the
evolutionary changes in the organization of
their prefrontal cortex.

OBSERVATIONS ON SUBHUMAN SPECIES

Rodents

Recent work in the M.L.T. Laboratories
(Chorover and Gross ; Gross. Chorover
and Cohen ®') has shown that in the rat
tests of alternation disclose marked impair-
ment of acquisition and retention of these
tasks after bilateral anterior cortical resec-
tions * while performance in a complex
locomotor maze remains intact. Conversely,
posterior cortical removals of comparable
extent impair maze learning yet leave al-
ternation unimpaired.

These experimental results thus draw a
contrast between behavioral effects of two
types of cortical removals, anterior and
posterior. In this way, the results provide
a particularly instructive instance of what
we have called ‘double dissociation of
symptoms’ (Teuber " %) : anterior lesions
but not posterior produce alternation de-
ficits and posterior lesions but not anterior
produce impairment on the particular maze
employed, (the so-called Hebb-Williams
Maze, as described by Rabinovich and

* Even a species of such uncertain
taxcnomic status as Tupaia glis (the In-
donesian tree shrew) which prebably is
neither an insectivore nor a primate shows
loss of delayed response after anterior cor-
tical lesions (unpublished observations in
the M.I.T. laboratories). However, the in-
terpretation of these results is rendered
difficult by the absence of fully established
homologies between the primate prefrontal
cortex and the presumably corresponding
portion of the tree shrew’s frontal lobe, and
by the comparative instability of a delayed-
response performance in the intact tree
shrew.

Vol 5. — Number 3-4, — 19060,

FURTHER. ..

Rosvold ?'). Such instances of clearcut dis-
sociation are hard to come by, but they
ensure topographic specificity of symp-
toms whenever such dissociations are found.

Beyond that, these recent findings on
distinctly focal effects of anterior and pos-
terior cortical lesions in the rat may well
represent a belated vindication of Hunter's
critique *" of Lashley’s mass-action hypo-
thesis. It will be recalled that Lashley ?*
claimed equal potency of neo-cortex for
mediating performance in a particular kind
of maze (Lashley's maze 111). Large lesions
interfered with accurate performance, whe-
ther measured by acquisition or retention,
in proportion to the size of the lesion and
irrespective of the site. Hunter argued, un-
successfully, that such results were quite
compatible with specific localization of
functions: the larger the lesion, the greater
the likelihood of invading several essential
foci, and the more compiex the task, the
greater the probability that it would turn
out to be vulnerable to lesions encroaching
on more than one focus at a time.

As it happened, the crucial task used by
Lashley to demonstrate lack of cortical
specificity (his maze IIl) required ade-
quate alternation behavior as well as ef-
fective visual orientation in a complex
spatial array. The recent findings of Cho-
rover and Gross in our laboratories suggest,

——

Fig. 3. — Double Necker cube. used in
studies of spontaneous fluctuations of
apparent perspective. The subject fixa-
tes the small crossbar on the center
vertical, and signals perspective rever-
sals by depressing a key on his left
(for reversals of the left cube), on his
right (for reversals of the right cube),
and on both sides together (for simul-
taneocus reversals of both cubes). (Af-

ter Cohen, 1959; and Teuber, 1960).
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therefore, quite in keeping with Hunter’s
interpretation, that the alternation aspects
of maze performance in rats are selectively
vulnerable to anterior cortical lesions and
that the spatial-orientation aspects are dis-
turbed by posterior cortical lesions; hence,
sufficiently large removals encroaching on
anterior and posterior cortical fields will
of necessity impair performance on maze
IIl and similar tasks, and will do so the
more readily the larger the combined
lesion. *

The anterior cortical syndrome, in turn,
has its analogues after appropriate sub-
cortical destruction. Subcortical lesions
placed in rats bilaterally in the head of
the caudate, or in dorsal or ventral hip-
pocampus, or in mediodorsal thalamus,
have behavioral effects indistinguishable
from those of anterior cortex in terms of
the alternation task. The degree of im-
pairment after caudate lesions in the rat
increases with the size of the lesion as it
does in the monkey.

It should be noted that the alternation
tasks employed for the rat are similar to
certain forms of delayed-alternation tests
used with carnivores and primates. Howe-
ver, the cortical focus for these alterations
of behavior in the rat may have to be
further defined both anatomically and
physiologically since the homologies bet-
ween rodent and primate in this respect
are still being worked out (comparative
histologic studies progressing in Professor
Nauta’s laboratory at M.LT.).

* It is imporiant to note what thcse re-
sults do rnot mean: they do not prec'ude the
possibility that some other task, less com-
plex in nature, might yet be found on which
rats with anterior or posterior neocortical
lesions do equally badly. If there were no
way of decomposing such a task into com-
pcnents vulnerable to different focal lesions,
one would have established the existence of
some general (non-localizable) function, as
demanded by Lashley’'s hyphotesis, We have
argued, elsewhere, that such a task can be
identified for man, strongly suggesting that
a “general factor” might coexist with the
numerous more specific ones (Teuber &
Weinstein, 6%) .
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Carnivores

Most of the behavioral work on carnivo-
res has been performed in laboratories
other than ours, especially for cats by J.
M. Warren at Pennsylvania State Univer-
sity (Warren ) and in dogs by S. Brut-
kowski *; Lawicka & Konorski*% 7). In
cats and dogs, bilateral prefrontal resec-
tions of cortex disturb alternation and
delayed-response performance albeit some-
what less severely in the cat than in the
monkey provided conditions are deemed
comparable. Caudate lesions and caudate
stimulation have effects equivalent to cor-
tical removals from prefrontal areas. Evi-
dence on effects of interference with hip-
pocampal or mediodorsal thalamic struc-
tures is incomplete.
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Fig. 4. — Results of experiments on

spontaneous perspective fluctuations for
a double Necker cube (shown in pre-
ceding figure). Mean reversals are
shown for consecutive 15 second pe-
riods, over six observation periods
(OP), i.e., for a total of 90 seconds.
Note that the group of patients with
bilateral fromtal lesions shows abnor-
mally high reversal rates, as compared
with controls, while other lesion groups
show a depression of reversal rates.
Note also that unilateral frontal lesions
show the greatest depresiion of rever-
sals and that right wunilateral lesions
produce greater reduction than letf
(After Cohen, 1959; see also
Teuber, 1960).
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Macaque

In the Rhesus monkey ablation or stimu-
lation of lateral prefrontal cortex (sulcus-
principalis region, Blum *) specifically dis-
rupts delayed response and delayed alter-
nation (Mishkin and Pribram '* *'; Pri-
bram *%; Stamm °%; Weiskrantz, Mihailo-
vic, & Gross ?), and destruction or stimu-
lation of head of caudate, again produces
similar effects (Rosvold & Delgado 7%
Battig, Rosvold & Mishkin“; Dean and
Davis '#). Hippocampal lesions, if pro-
duced by suction, tend to disrupt perfor-
mance of delayed-alternation tasks, but
leave delayed response essentially unim-
paired (Orbach, Milner, and Rasmussen *7;
Pribram, Wilson, and Connors"). The
results of subtotal lesions in mediodorsal
thalamus are less clear but a recent study
by Schulman ?* suggests that total lesions
in medialis dorsalis can abolish capacity
for delayed response im the monkey .In
addition, we should note that electrical
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Fig. 5. — Sample figurines from a se-
ries of test charts for assessing “perso-
nal orientation”. The subject, standing
upright, faces the figurines, and indi-
cates, by pointing, those parts of his
own body which are marked by arabic
numerals on the figurines. Note the
requirement for repeated reversals of
right-left orientation (from Semmes,

Weinstein, Ghent & Teuber, 1963),
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stimulation in the substantia nigra can like-
wise interfere with delayed-response per-
formance in the macaque (Ciani").

COMPARISON WITH EFFECTS IN MAN

So far the evidence for subhuman forms
is beautifully consistent with regard to the
specificity of the symptom and its locali-
zation, yet the physiclogic meaning of the
symptem has remained as elusive as ever.
Some clarification may be obtained by
turning to observations made on man with
injury or disease of frontal lobe or basal
ganglia, The situation with regard to man
is complicated by the fact that recent work
(Chorover and Cole ") has again confirmed
that man does not show specific and re-
liable delayed-response or delayed-alterna-
tion deficits after uncomplicated frontal
lesions, presumably because man solves
these tasks by recourse to verbal mediation
not available to infrahuman species.

Lasting deficit in man after frontal lesion
on a visuvo-pcstural task

Yet we have suggested earlier (Teuber
and Mishkin ") that a perceptual rtask
involving the setting of the visual vertical
under various conditions of body tilt brings
out a “frontal” deficit, and the same task
is perfermed badly by patients with Par-
kinsonism both before and after pallidec-
tomy or thalamectomy (Teuber and Proc-
tor "), Thus, in man, as in the lower
primates, in carnivores, and in rodents, a
task can be identified that is similarly vul-
nerable to prefrontal cortical lesions and
to invelvement of subjacent basal ganglia
(Big: 1, 2}

The search for other associated deficits in
man after frontal lesions

These findings make it even more pres-
sing to ask what these consistent signs of
frontal lobe or basal ganglia disease might
signify in terms of normal function. Some
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additiona} clues can be obtained by com-
paring the impressive number of achieve-
ments which are unimpaired after prefrontal
lesions in man and by contrasting these
negative findings with the few remaining
positive signs which can be identified in
addition to the defective performance on
the visuo-postural task (Teuber %),

These findings were obtained on 90 cases
of frontal penetration by missiles in young
adults (42 left, 22 right, 26 bilateral), as
compared with 142 cases of similar pene-
trating brain wounds primarily implicat-
ing other cerebral lobes, and 118 controls
with peripheral nerve injuries (also sus-
rained in combat). Many of these cases

Fig. 6. — Schematic view of apparatus used by Richard

Held and Alan Hein in their experiments on origins of
sensorimotor control in kittens. All movements of the ki-
tten on the right (the ‘active’ kitten) are transmitted by
harness and pivot arrangements to the gondola which bears
the kitten on the left (the ‘passive’ kitten). Visual expe-
rience of the active kitten is combined with self-nroduced
motor output, while the otherwise identical visual exper-
ience of the passive kitten is not. For further details, see
text (Based on Held & Hein, 1963).

have been followed by now for more than
15 years and have been subjected to nu-
merous tests.

The negative findings for frontal-lobe
cases include the following: flicker fusion
(no reduction, Teuber, Battersby, & Ben-
der ™); form boards, essentially normal
performance or slight impairment, with
posterior lesions being much more produc-
tive of impairment than frontal lesions
(Teuber & Weinstein %7); various tests of
recent memory (no impairment, Ghent,
Mishkin, & Teuber '%); intelligence test
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performance, including data on a subgroup
of the brain injured population tested be-
fore and after brain injury was sustained;
here again, some patients with frontal le-
sions showed impairment but this impair-
ment was significantly greater with left
sarieto-temporal penetrations, even after
all cases clinically diagnosed as aphasics
had been excluded (Weinstein & Teuber 7%;
Teuber & Weinstein *'). Similar findings
(viz., only nonspecific reduction in ef-
ficiency) were encountered with various
sorting tests and complex problem solving
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tasks (Battersby, Teuber, & Bender '; Teu-
ber %),

On the positive side, however, are find-
ings of impairment on three tasks (in ad-
dition to the visuo-postural task); all of
these are essentially perceptual-motor and
all have certain other features in common:

1) A visual search test in which the pa-
tient searches with active head and eye
movements for a number of patterns on a
screen, in an array of other patterns. Here,

"

Fig. 1.

FURTHER. .

certain posterior lobe lesions can also pro-
duce deficits but recent work suggests that
the mode of search differs for frontal and
parieto-occipital lesions (Teuber, Batter-
sby, & Bender *).

2) A perceptual task involving reports
of apparent reversals of perspective for an
ambiguous line drawing (double Necker
cube, Cohen '"; Teuber ), This task re-
veals maximal slowing of reversal rates
with unilateral frontal lesions, and abnor-

— Monkey wearing helmct devised by Bossom for

testing adaptation to displacing and distorting spectacles.
Only the upper two thirds of the monkey’s head are visible,
but the prisms can be seen in the facial portion of the hel-
met. Normal monkeys wearing this device while seated in
a primate chair adapt their reaching movements to the
imposed visuo-spatial distortions in several hours. Monkeys
with frontal lobectomies or with lesions of head of caudate
nucleus fail to adapt. (From Bossom, 1965).

mally rapid fluctuations of perspective with
bilateral frontal penetrations (Figs. 3, 4).
3) A task of bodily orientation (Semmes,
Weinstein, Ghent, Teuber °*), involving
rapid and repeated shifts in right-left re-
ference: the patient has to indicate on his
own body, successively, those parts that
are numbered on pairs of schematic draw-
ings of the human body, with one figure
facing him, the other facing away (Fig. 5).
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INTERPRETATION

The interpretation in functional terms
to which we have come over the last few
years invokes the concept of a motor-to-
sensory action in which frontal lobes and,
possibly, some of the anatomically related
subcortical structures play a special role.
According to these notions, these anterior
brain mechanisms are involved in signall-
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ing the impending consequences of bodily
movement to the sensory systems, preparing
the latter for the ensuing change and thus
permitting the matching of the outcome
of impending actions against the "intent”.
This hypothesis would provide a tentative
interpretation of the delayed-response and
delayed-alternation deficits (which are
clearly not deficits of memory), as well as
of the hyper-reactivity seen in most sub-
human forms with prefrontal or anterior
caudate lesions. The concept would like-
wise account in parsimonious fashion for
all of the perceptual-motor changes we
have observed in men with penetrating
frontal lesions. It might fit the emergence
of grasping and groping automatisms in
severe frontal lobe disease (Denny-
Brown '#). Lastly, the proposed interpreta-
tions can predict at least some new beha-
vioral observations before they are made.

Thus, we have suggested that the co-
rollary discharge mechanism may provide
the normal degrees of plasticity in sensori-
motor coordination, the capacity to main-
tain perceptual constancies of size and
direction during self-induced changes of
posture, the subjective stability of the
visual environment during voluntary shifts
of gaze and the surprising capacity of the
normal adult to adapt his sensorimotor
performance to rearranged sensory input
as shown by experiments invelving the
wearing of distorting and displacing spec-
tacles (high-power prisms), or of pseudo-
phones. What is important here, beyond
the issues raised by frontal-lobe pathology,
is the crucial but utterly neglected problem
of voluntary motion. It is unclear how
such achievements as voluntary -reaching or
voluntary control of gaze emerge from the
matrix of grasping and groping autonotisms
in the normal infant (T'wirchell V). Yet
it is clear that the neurologic problems
of eye-hand coordination and of directed
locomotion transcend the usual bounds of
Sherringtonian reflex-physiology.

Voluntary eye movements may be a case
in point. As we deliberately shift our gaze
across a scene, the scene stands still; if,
instead, we tap against our eye, moving
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it mechanically in its orbit, the visual world
snifts. Lastly, if we intend to move our eye
while the extra-ocular muscles are paraly-
zed, the visual world jumps; it is as if we
had suddently become capable of visualiz-
ing our ‘intent-to-move.” We interpret this
series of conditions by saying that in the
case of normal voluntary eye movements,
a ‘corollary discharge’ is associated with
the efferent signals, presetting the sensory
system for the result of our movement. As
long as the effect of the motion matches
the intent, no movement is seen. However,
it the motion of the eyes is abnormally
(passively) produced, the scene shifts be-
cause the eye movement occurs without
any corollary discharge to correct for its
sensory consequences. Thirdly, the most
interesting case: in acute extra-ocular palsy,
the scene shifts subjectively in the absence
of any physical displacement of contours
across the retina, because the corollary dis-
charge reaches the sensory systems un-
checked by any reafferent feedback that
would have resulted frem the motion that
was intended but not achieved. What we
are proposing here amounts to the claim
that our hypothetical mechanism, the co-
rollary discharge, represents a physiologic
marker for the voluntariness of self-pro-
duced motions. By contrast, passive move-
ment is passive by virtue of lacking such
a corollary discharge.

The importance of this distinction is
illustrated in a series of perceptual experi-
ments with normal adults, and with very
young kittens and monkeys; this work is
progressing at the M.LT. laboratories in
the hands of Professor Richard Held ="
and his associates, notably Alan Hein, Jo-
seph Bauer, and others. They explore the
necessary and sufficient conditions for sen-
sorimotor adaptation to distorted inputs.
For example, a normal adult wearing pris-
matic spectacles which systematically dis-
place and distort all of the visual input
is instructed to walk about actively for one
hour. By the end of that hour of active
exposure, the subjective distortions and
displacements have decreased or altogether
disappeared. If the spectacles are then re-
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moved, the observer experiences a transient
distortion of the scene in directions opposite
to that experienced whiie wearing the pris-
matic spectacles. However, adaptation is
completely lacking if the one-hour exposure
to the distorted scene is obtained while
the prism wearer is pushed about passively,
in a wheelchair.

This crucial role of active movement in
perceptual readaptations has now been
cenfirmed in numerous supplemental ex-
periments; beyond that, a more recent se-
ries of studies, primarily by Professors Held
and Hein (*® also, Held & Bossom =“; Held
& Freedman *7) has produced strong evi-
dence for a similar role of active rather
than passive exposure in the original ac-
quisition during carly development of nor-
mal sensorimotor control. In an already
classical study, kittens are trained in the
manner shown in figure 6. These animals
are littermates raised in darkness except
for a few hours a day during which one
kitten walks actively about, while the other
is carried passively by the first by means
of a harness and pivot arrangement in a
snugly fitting gondola. Under these con-
ditions the active kitten in the pair shows
normal form and depth perception when
removed from the apparatus, while the
passive kitten shows absence of shape and
depth discrimination on the tests employed.
It even fails to show visually guided pla-
cing when its limbs are moved against a
serrated table edge.

Such experiments, and similar ones on
the emergence of eye-hand coordination in
young monkeys (work now in progress),
strongly suggest a crucial role for self-
produced (i.e., ‘voluntary’) movements in
the origin of certain aspects of form and
depth perception and in the achievement
of sensorimotor coordination. We assume
that the intervening link that has to be
built up during early development and
modified in the course of readaptation is
the corollary discharge, tying the motor
into the sensory system, and it is this link,
we suggest, which is disturbed by certain
frontal lesions and by equivalent lesions
of basal ganglia and related structures.
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FURTHER. ..

It is therefore of the greatest interest to
us that a former student and coworker
ot Professor Held, Dr. Joseph Bossom *
has now obtained direct evidence for se-
lective impairment of prism adaptation in
monkeys following frontal lobectomy or
destructive lesions in the head of the cau-
date nucleus. By contrast, cortical removals
of a similar extent from other lobes (oc-
cipital, parietal, or temporal, unilaterally
or bilaterally) leave prism adaptation es-
sentially unimpaired (Fig. 7).

RESIDUAL ISSUES

Our survey of frontal-lobe symptomato-
logy in rodents, carnivores, and primates,
including man, has led us to a unitary in-
terpretation of frontal-lobe syndromes in
these rather dissimilar species; yet many
questions remain.

First of all, the presumptive anatomical
homologues of prefrontal cortex at these
different evolutionary levels need clearer
delineation with modern histologic techni-
ques (work now in progress in Professor
Walle Nauta’s laboratory at M.LT.). In
the Rhesus monkey the minimal effective
lesion for producing delayed - response
deficits straddles the sulcus principalis,
but it is not obvious why this should
be so since this critical region forms
only part of the projection field of
the mediodorsal thalamic nucleus (Wal-
ker 72 5. T4, Pribram, Chow & Semmes "),
and may well be heterogeneous in terms of
its other afferent and efferent connections
(Nauta '"). Maximally effective lesions in
carnivores and rodents respectively are not
so well worked out. We should expect,
however, that fairly analogous critical foci
will be encountered cnce the standard ho-
mologies for various parts of prefrontal
cortex have been elaborated across different
species. Apparent discrepancies in the be-
havioral effects of, say, frontopolar re-
movals in rodents and primates may simply
mean that the removals thus far have not
been equivalently placed.
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However, the possibility remains that
further pursuit of these anatomical studies
might lead to a convincing subdivision of
frencal-lobe syndromes, particularly in sub-
human primates and man. Claims for such
an empirical fractionation of the frontal-
lobe syndrome have already been advanced;
most of these claims focus on the distinc-
tion between behavioral effects of dorso-
lateral and orbitofrontal removals. Suppor-
tive evidence for such a functional frac-
tionation of prefrontal structures can be
found primarily in recent summaries of
work on carnivores and primates (Brut-
kowski %; Mishkin **; Pribram *%), and, for
man, in the detailed studies by Luria and
his colleagues (Luria %),

So far, however, many of these proposed
fractional syndromes share common featu-
res; differing in degrees, they fall short
of the specificity that would be implied
by a double dissociation of symptoms. In
this respect, it may be too early to claim
that patterns of symptoms after selective
prefrontal lesions could be as distinct and
separable as the different aspects of the
Kliiver-Bucy syndrome which have been
identified by appropriately fractional re-
movals from the temporal lobes (Kliiver
and Bucy **; Teuber 77),

A similar question arises with regard to
certain specific findings for man in cases
where prefrontal involvement is limited to
one or the other cerebral hemisphere. Such
laterality differences emerge quite clearly
from the work of Milner and her associates,
who find greater impairment on certain
stylus mazes after right frontal removal
(Milner *1- **; Corkin ''), and, conversely,
greater impairment of word fluency and of
sorting-test performance after similar re-
movals from a dominant left frontal lobe
(Milner % %) Similar trends can be iden-
tified in our own results, particularly with
regard to Necker cube reversals, where
maximal reduction in reversal rates ap-
peared after right fronrtal lesions (as shown
in Fig. 4). Even more closely similar results
could be derived from a recent analysis of
a modified visual-searching task: there, left
frontal lesions, as cne might expect, pro-
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duced greater slowing in the search for
letters and numerals, while right frontal
lesions produced maximal slowing in the
search for nonsense figures (see, also, Ki-
mura *%). Observations such as these sug-
gest that unilateral frontal symptoms can
take the local color of the hemisphere in-
volved, but these results do not detract
from the existence of common features in
the behavioral changes after right and left
frontal lesions.

Right-left differences may have contri-
buted their share to the perplexity which
surrounds one of the oldest experimental
precedures for demonstrating frontal-lobe
impairment in man: the various tests of
sorting and categorizing. These tasks have
a long history (Goldstein '" '%; Goldstein
and Scheerer '”; Grant and Berg *"; Hals-
tead **; Vygotski 7'y  Weigl 7; Zeigar-
nik *”). Do these tasks, in fact, reveal spe-
cifically frontal deficits? Much of the un-
certainty in earlier studies can be traced
to the absence of appropriately matched
groups of patients with cerebral lesions out-
side of the frontal lobes whose achieve-
ment on these tasks might be compared
with that of frontal patients.

Yet, even when such controls are em-
ployed the findings remain contradictory:
in our own hands, the so-called Wisconsin
version of Weigl’s test (Grant and Berg *°;
see, Weigl 77) gave evidence for impaired
performance in men with frontal lesions as
a group, but there was equal or greater
impairment in patients with posterior lobe
lesions, especially if the dominant hemis-
phere was implicated. By contrast, recent
studies in the Montreal laboratory (Mil-
ner ') suggest a rather specific ‘frontal’
impairment on the Wisconsin version of
Weigl’'s card-sorting test. However, there
were differences in the presentation of the
task: we did forewarn our patients that
the principles of sorting would change
throughout the test while the Montreal
version required that he patient discover
these changes of principles inductively,
without any prior warning on the expe-
rimenter’s part. Preliminary results com-
paring the two versions of the task for
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the same population of patients suggest
that a number of our frontal patients may
indeed perform rather poorly once the
warning is omitted.

Such results would be more in line with
earlier claims for the sorting tests, yet the
results would not necessarily contradict
our interpretations of the essential frontal
deficit. Difficulties in spontaneous yet ap-
propriate shifting in principles of sorting
on the patient’s part cculd be still another
manifestation of the same trouble which
seemed to underly the impaired perfor-
mance on various sensorimctor tasks. In
fact our emphasis on these tasks was not
meant to deny the possible existence of
corresponding losses on other ‘higher’ le-
vels, including those involving thought
and deliberate actions. Rather, as we said
initially, our hypothesis is meant to be
neutral with regard to the customary dis-
tinctions of higher and lewer levels of
function. ‘

It is therefore of considerable interest
that sorting tests and stylus mazes have
been observed to bring out a curious ten-
dency in some of the frontal patients; they
‘break rules’, that is they violate the ins-
tructions given at the beginning of the
test, no matter how often the experimenter
reminds the patient of these rules (Mil-
ner 40, 1)

We have previously stressed (Teuber %)
that patients with severe bifrontal lesions
might be remarkably competent in putting
into words what a test such as the card-
scrting task might require of them; they
may cast one glance at the cards and an-
nounce correctly “this can be done accord-
ing to color, form or number.” What we
had failed to notice was that this was just
as true of some of the patients who did
not manage to pass the test. In extreme
instances, such patients continuously ver-
balized the rules of the game while disre-
garding them in their actions. It is this
phenomenon which has fascinated Luria *¥,
who has described a number of striking
cases.

W ith these considerations we have moved
close to a description of severe frontal
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changes in terms that might be reminiscent
of the long-forgotten work of Feuchtwan-
ger 'Y, The complete neglect of his studies
is undeserved; after all, he pioneered the
use of contrasting groups by assessing the
symptoms of frontal trauma (gunshot
wounds incurred in the First World War)
consistently against those of penetrating
trauma in other cerebral lobes. But neglect
of this work is understandable since Feu-
chtwanger’s categories for describing the
cssential frontal impairment were so hope-
lessly unphysiologic. He characterized the
crucial change as involving the patient’s
affect, his ‘will’, and his values. It is un-
fortunately true that present-day psycho-
physiology has no room for the will, and
little room for values. These concepts
were extruded during the last few decades
when questions about neural bases of be-
havior were firmly cast in stimulus-res-
ponse terms, and that means in terms of
spinal-reflex physiology.

The persistent embarrassment caused by
the frontal-lobe problem is that it refuses
to stay in this mold. To understand frontal-
lobe pathology and frontal-lobe function
we have to turn the conventional reflex
schema arcund. Instead of speaking of sen-
cory inputs leading, sooner or later, to
motor output, we must begin at the motor
end, by considering the ways in which
motor systems act, centrally, upon sensory
systems. We have tried to indicate how
this approach might provide a physiologic
distinction between voluntary and involun-
tary action. Stated in these terms, much
of Feuchtwanger's approach may yet be
vindicated since there seems to be such a
pervasive change in self-directed action
after severe frontal damage.

Deliberate action involves anticipation
of its own consequences. We propose that
failure in this respect is a central feature
of the frontal-lobe syndrome in animal and
man. Deranged capacity for adjusting one’s
reactions to one’s actions—owing to break-
down in normal mechanisms of corollary
(motor-to-sensor) discharges—may be as
much at the root of the animal’s delayed
response- deficit as it seems to lie at the
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rcot of the varied and seemingly bizarre
manifestations of frontal-lobe impairment
in man. The paradox raised by Jacobsen’s

discovery, thirty years ago, might yet dis-
appear, leaving in its stead a new way of
looking at sensorimotor functions.

SUMMARY

The consequences of removal of the
frontal lobe in animals have been clearly
stated, although their interpretation is
almost impossible. Conversely, in man the
interpretation of ablation or injury to the
same region of the brain has been sug-
gestively consistent even though the facts
are still discussed.

Recent work on animals has confirmed
specific losses on delayed - response and
delayed-alternation tasks, but the nature of
the delayed response deficiency is still un-
certain.

On the other hand, no persistent inter-
ference with delayed-response performance
was found in man after simple removals
of anterior frontal cortex; disagreement still
exists regarding positive after effects.

The author has tried to find slight but
persistent changes in human behavior after
frontal lesions in man and found a single
underlaying change in behavior.

Those tasks which appear to depend
specifically from anterior frontal structure
integrity in man are neither exclusively
sensory nor exclusively motor but strictly
sensorimotor.

The author tries to demonstrate how
apparently dissimilar forms of alteration
can be uniformly interpreted, and then
lead to the understanding of the delayed-
response and alternation deficiencies after
frontal lesions in lower species.

He postulates a “corollary” - discharge

mechanism”, which depends from frontal
lobe and basal ganglia integrity for its
correct functioning.

In recent years he had reached the in-
terpretation of motor to sensory action, in
which the frontal lobes and perhaps some
anatomically related subcortical structures
play an important role.

Accordingly, these frontal mechanisms
are involved in the consequences of body
movements on sensory systems warning the
latter against the imminent change and
allowing the balance of action against
“intent”,

In order to understand the pathology
and the function of the frontal lobe, the
conventional reflex pattern must be re-
versed, i.e. that the motor aspect must be
considered firstly, establishing the way in
which the motor systems act on the sen-
sory ones.

A deliberate action implies anticipation
of its own consequences. The author sug-
gests that this failure is a central charac-
teristic of the frontal lobe syndrome both
in animals and in man.

The alterated capacity to adjust reactions
to actions in view of the disappearance of
normal corollary - discharge mechanisms
(motor-to-sensory) may be considered both
as the cause of the delayed-response def-
ficiency in animals as well as of the diverse
and apparently strange signs of frontal lobe
alteration in man,

RESUMEN

En lcs animales las consecuencias de la
extirpacion del sector frontal sobre el
comportamiento son bien definidas aun-
que casi imposibles de interpretar; sin
embargo las observaciones en caso de dafio
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o ablacion de la misma zona en el hom-
bre son objeto de una interpretaciéon su-
gestivamente uniforme, siendo muy con-
trovertidos los hechos en si.

Labores recientes han confirmado y am-
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pliado en animales los hallazgos acerca de
pérdidas especificas en lo que respecta a
tareas con alternancia retardada y respues-
tas retardadas. Continta siendo incierta la
naturaleza de la deficiencia en la respuesta
retardada.

Contrariamente a esto, las extirpaciones
simples de la corteza frontal en el hombre
no producen interferencias persistentes con
la realizacién de la respuesta retardada; la
literatura acerca de este punto es contra-
dictoria en cuanto a la aparicién de efectos
secundarios positivos.

El autor bha intentado de encontrar ta-
reas sensibles a modificaciones sutiles aun-
que persistentes en el comportamiento hu-
mano, posteriores a lesiones frontales. Pudo
demostrarse que los sintomas reflejaban un
cambio subyacente y unico en el compor-
tamiento,

Las tareas que parecen depender mas es-
pecificamente de la integridad de las es-
tructuras frontales anteriores en el hombre
N0 son ni puramente sensitivas ni pura-
mente motoras, sino estrictamente sensorio-
maotoras.

El autor intenta demostrar como formas
de alteracién aparentemente muy distintas
pueden ser objeto de una interpretacién
uniforme, y como a su vez puede llevar
a la comprensién de las deficiencias en la
respuesta retardada y defectos en la alter-
nancia posteriores a lesiones frontales en
las especies inferiores.

Especificamente el autor postula un
“mecanismo de descarga corolario” que para
su buen funcionamiento depende de la in-

FURTHER. ..

tegridad de los l6bulos frontales y los gan-
glios basales.

La interpretacién en términos funciona-
les a la que llegé el autor en los ultimos
afos implica el concepto de una accion
motriz a sensorial en la que los lébulos
frontales y quiza algunas de las estructu-
ras anatomicamente relacionadas desempe-
fian un papel importante.

De acuerdo a estas nociones, estos me-
canismos frontales estan involucrados en
sefialar las consecuencias de los movimien-
tos del cuerpo sobre los sistemas sensitivos,
preparando a estos Gltimos para el cambio
a sobrevenir y permitiendo asi la equipa-
racion de la accién inminente contra el
intento.

Para comprender la patologia y la fun-
cion del lébulo frontal debemos invertir
el esquema reflejo convencional, es decir
que debemos considerar en que forma ac-
tian los sistemas motores centralmente so-
bre los sensitivos.

La accién deliberada implica la antici-
pacion de sus propias consecuencias.

El autor sugiere que la falla en este sen-
tido es una caracteristica central tanto en
animales como en el hombre.

La alterada capacidad para ajustar las
reacciones a las acciones debido a la des-
aparicion de los mecanismcs normales de
descargas corolario (motriz a sensorial)
puede considerarse como la raiz de la defi-
ciencia de la respuesta retardada en el ani-
mal asi como también de las diversas y
aparentemente extrafias manifestaciones de
la alteracion del lobulo frontal en el hom-
bre.

RESUME

Dans les animaux les conséquences de
I'extirpation du secteur frontal sur le com-
portement sont bien définies mais presqu’im-
possibles d’interpréter; cependant les ob-
servations faites chez 'homme en cas d’abla-
tion ou atteinte de la méme région ad-
mettent une interprétation suggestivement
uniforme, les faits étant tres controvertis.
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Des travaux récents ont confirmé des
pertes spécifiques dans les animaux dans
les taches a alternance retardée et a repon-
se retardée, mais dans la réponse retardée
la nature de la déficience continue a étre
incertaine.

Contrairement a ceci, les extirpations
simples de I'écorce frontale antérieure chez
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'homme ne provoquent pas d’interféren-
ces persistentes dans la réalisation de la
réponse retardée; on n’est pas d’accord sur
I'apparition d’effets secondaires.

L’auteur a essayé de trouver des chan-
gements subtils bien que persistents dans
le comportement humain aprés des lésions
frontales chez I'homme et trouva un chan-
gement sousjacent unique.

Les taches qui dépendent specifiquement
de lintegrité des structures frontales an-
térieures chez I'homme ne sont ni exclusi-
vement sensorielles ni exclusivement mo-
trices, mais strictement sensorimotrices.

L’auteur essaye de démontrer comment
des formes d’altération apparemment tres
différentes peuvent admettre une interpré-
tation uniforme, qui a son tour conduit a
la compréhension de la nature des défi-
ciences dans l'alternance et la réponse re-
tardées apres les lésions frontales dans les
especes inférieures.

Spécifiquement l'auteur postule un “mé-
canisme de décharge corollaire” qui pour
son bon fonctionnement dépend de !'inté-
grité des lobes frontaux et des ganglions
basaux.

Recemment l'auteur était arrivé a une
interprétation impliquant le concept d'une
action motrice-a-sensorielle dans laquelle
les lobes frontaux et probablement quel-
ques structures souscorticales anatomique-
ment liés a eux jouent un role spécial.

D’accord avec ces notions, ces mécanis-
mes frontaux sont impliqués dans le sig-
nalement des conséquences des mouve-
ments du corps sur les systémes sensoriels;
ils préparent ces derniers pour le change-
ment a survenir en permettant ainsi I'equi-
paration de l'action imminente contre
“I'intention”.

Pour comprendre la pathologie et la
fonction du lobe frontal nous devons in-
vertir le schéma reflexe conventionnel. Au
lieun de considérer des influx sensoriels
conduisant a des effets moteurs, nous de-
vons commencer par l'aspect moteur en
établissant les formes dans lesauelles les
systemes moteurs agissent centralement sur
les systemes sensoriels.

L’action de¢libérée implique 'anticipation
de ses propres conséquences.

L'auteur suggere que l'echec dans ce
sens est une caractéristique centrale du
syndrome du lobe frontal chez I'animal et
chez I'homme.

La capacité altérée pour ajuster les réac-
tions aux actions, due a la disparition des
mécanismes normaux de décharge coro-
llaire (motrice-a-sensorielle), peut étre con-
sidérée comme la cause de la déficience de la
réponse retardée chez l'animal ainsi que
des différentes et apparemment étranges
manifestations de I'altération du lobe fron-
tal chez 'homme.

ZUSAMMENFASSUNG

Beim Tiere sind die Folgen im Verhal-
ten nach frontalen Ablationen klar und
dennoch fast unmoeglich zu erklaeren,
waehrend die Beobachtungen beim Men-
schen mit frontalen Verletzungen oder
Ablationen eine einheitliche Erklaerung
zulassen, cbwohl die Tatsachen selbst einer
dauernden Wiederspruechlichkeit ausge-
setzt sind.

Fuer Tiere haben unsere Arbeiten die
Entdeckung spezifischer Verluste bei Auf-
gaben der verzoegerten Antwort und der
verzoegerten Alternative bestaetigt. Man
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kennt noch nicht die Natur des Defizits
der verzoegeretn Reaktion.

Im Gegensatz dazu, produzieren einfache
chirurgische Abtragungen der Hirnrinde in
der vorderen frontalen Region gewoehn-
lich beim Menschen keine dauernde Inter-
ferenz mit der verzoegerten Reaktion, und
die Literatur ueber Laesionen des frontalen
Lappens sind widerspruechlich bezueglich
der positiven Nacheffekte.

Der Autor hat versucht Aufgaben zu
entwickeln, die empfindlich gegenueber
ziemlich feinen aber bestaendigen Veraen-
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derungen im Verhalten nach Vorderlappen-
verletzungen beim Menschen sind. Die Ver-
haltungssymptome, die durch diese Aufgaben
entdeckt wurden, sind oberflaechlich ver-
schieden, aber es kann demonstriert wer-
den, dass sie eine einzelne unterliegende
Veraenderung im Verhalten reflektieren.

Die Aufgaben, die am spezifischsten von
der Integritaet der vorderen Vorhirn-
strukturen beim Menschen abzuhaengen
scheinen, sind weder rein sensoriell noch
rein motorisch, sondern sensitivo-motorisch
im strikten Sinne des Ausdrucks.

Der Autor versucht zu zeigen, wie an-
scheinend vollkommen uneinheitliche For-
men der Defekte einer einheitlichen Er-
klaerung zugaenglich gemacht werden
koennten und wie diese Erklaerung die
Natur der verzoegerten Reaktion und des
alternativen Defizitsnach frontalen Laesio-
nen bei unteren Spezien aufklaert.

Der Autor postuliert spezifisch den
“parallelen Entladungsmechanismus”, wel-
cher, um richtig zu funktionieren von der
Integritaet der Frontallappen und der
Basalganglia abhaengt.

Die Erklaerung durch funktionellen Be-
griffe, zu der der Autor in den letzten
Jahren gekommen ist, entspricht dem Be-
griff einer motorisch-zu-sensitiven Aktion,
bei welcher die Frontallappen, und moe-
glicherweise einige subkortikale Struktu-
ren, die mit ihnen in anatomischer Bezieh-

FURTHER...

ung stehen, eine besondere Rolle spielen.

Gemaess diesen Kenntnissen, spielen
diese Vorderhirnmechanismen eine Rolle
beim Anzeigen der inhaerenten Folgen der
Bewegungen des Koerpers an die sensorie-
lien Systeme, wobei letztere fuer die ent-
stehende Veraenderung vorbereitet werden
und dadurch einen Vergleich zwischen dem
Resultat der inhaerenten Aktionen und
der "Absicht” aufzustellen erlauben.

Um Stirnlappen-Pathologie und —Funk-
tion zu verstehen, muss man das conven-
tionelle Reflexschema vollkommen auf den
Kopf stellen, und am motorischen Ende
anfangen, indem wir die Art, in der die
motorischen Systeme zentral auf die senso-
riellen Systeme wirken, in Betracht ziehen.

Bewusstes Handeln schliest in sich die
Voraussage ihrer eigenen Folgen ein.
Der Autor ist der Meinung, dass ein Fehl-
schlagen in diesem Falle ein zentraler Zug
des Stirnlappensyndroms bei Tieren und
Menschen ist.

Die zerfahrene Faehigkeit, die Reaktio-
nen an seine Handlungen anzupassen, in-
dem die normalen Mechanismen der bei-
geordneten (motorisch-nach-sensoriell) Ent-
ladungen zusammengebrochen sind, mag
am Ursprung des Defizits der verzoegerten
Reaktion sein sowie auch am Ursprung der
verschiedenartigen und bizarren Manifesta-
tionen Stirnhirnlappenfunktionsverschlech-
terung beim Menschen.
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Extrapyramidal Motor Areas of Cat's
Frontal Lobe: their Functional and
Architectonic Differentiation

R. HASSLER

Max-Planck-Insiitut fiir Hirnforschung, Dep. of Neuroanatomy,

During the mapping of the mammalian
cerebral cortex by stimulation-technique
the term extrapyramidal motor areas was
created by C. and O. Vogt in 1907 ** for
the first time. This was 4 years after the
creation of cerebral architectonics and 4
vears before the discovery of the extrapy-
ramidal or striatal motor disturbances in
1911 ** by G. Vogt and Wilson. The func-
tional meaning of the extrapyramidal
motor areas however remained obscure al-
though not a few investigation tried to elu-
cidate it. But even their relation to the
extrapyramidal motor disturbances could
not be clarified. Only the description of
adversive movements as stimulation effects
and of an inhibitory area for facial and
masticatory movements in the basal part of
area 8 *" was an indication, what they have
to do normally. ,

The second step was the interpretation
of the turning, raising, sinking and rota-
tion movements as extrapyramidal by W.
R. Hess in 1940. It became clear that these
direction specific movements which are
equivalent to the conjugated eye move-
ments in higher forms do not depend from
an intact pyramidal tract.

The stimulated substrata seemed to be
restricted to mesencephalic and diencepha-
lic structures. But some of the best rotating
and turning movements were elicited from

Vol 5. Number 3-1, — 1966,

Frarkfurt/Main, Germany.

special thalamic nuclei which are known
to be cortex-dependent. Even after the sub-
cortical neuronal systems had been defi-
ned which are responsible for each of the
direction specific movements, the problem
rcmained whether these subcortical appara-
tus have cortical connexions and relays.

The supposition of cortical relays of each
of these subcortical neuronal systems in-
duced me to investigate the cortical pro-
jection fields of the thalamic nuclei with
the same stimulation technique, which was
created by Hess and used in subcortical
ganglia. Only the stimulation frequencies
regularly used were extended to 30/sec. In
a first communication (1960) the precen-
tral extrapyramidal areas proved to react
on stimulation by direction specific mo-
vements.

For the cytoarchitectonic areas of the cat’s
cerebral cortex, which were not described by
Brodmann in his classical book, one was
left to Gurewitsch and Chatschaturian ”,
But their map differed too much from the
maps for the monkey and man. Thus we
preferred to reinvestigate the cortical ar-
chitectonic fields in the frontal third of
cat’s brain.

This map, as far as it belongs to the
treated problems, was constructed for 15
individual hemispheres in collaboration
with K. Muhs - Clement.
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Material and methods

The frontal cortex of the cat was rein-
vestigated by combined cyto— and myelo-
architectonic methods in serial sections of
all directions. Sharp borderlines between
the areas and subareas were tried to draw.

The frontal quarter of the cat’s cerebral
cortex was stimulated, through very small
bore holes in the unopened skull, by three
0,25 mm. thick electrodes (tip exposure
for 1 mm.) in a distance of 1,5 mm. Used
were the frequencies of 4, 8, 30 at low vol-

tages and low current strength not exceed-
ing 0,5 mA. The cats were unrestrained
unanesthetized and without premedication.
The stimulation effects were recorded in
film strips, which could be reproduced ma-
ny times for study.

Results

In the frontal cerebral cortex of the cat
most of the cortical areas defined by Brod-
mann and Vogt in man and cercopithecus

Fig. 1.
brain. According the BRODMANN-VOGT mnomenclature. In the
left hemisphere the sulci are labelled. Notice the long and deep

postcruciate dimple.
cruciate dimple coincides

The anterior
with

(Arrow).

— Cytoarchitectonic map of the frontal pole of cat's

border of post-
the border between motor

(4 v) and somatosensory cortex (3 a).

can be found, if all the characteristics of
combined cyto— and myeloarchitecture
are considered. (Fig. 1).

The cruciate sulcus of the cat which is
10-12 mm. deep contains an agranular cor-
tex of great extent in its upper and lower
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lip. The lower lip is occupied by three
kinds of high cortical fields, which are
equivalent with the area 6 a of the human
and primate cortex. The fundus and the
upper lip of the cruciate sulcus are occu-
pied by four subfields of area 4 (fig. 2).
Vol. 5.
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Because of their relevance for the extra-
pyramidal motor systems the subfields of
area 4 and 6 a are delineated and described
here more in detail on two sagittal sec-
tions. Fig. 2 shows the myeloarchitectonic
areas on a sagittal section of the cruciate
sulcus, which is 11 mm. deep. In the dorsal
lip the hight of cortex is 1,3 mm. at most
in the ventral livo its range is 1,8 to 2,3 mm.
although both lips are cut orthograde. The
high areas belong to area 6 a, the shallow
ones on the dorsal lip to area 4. Both are
devoid from a real inner granular layer

(IV). In the area 4 region the darkness de-
creases in direction to the fundus of the
sulcus. Even in area 4 vy two strips of Bail-
larger can be distinguished, an outer and
an inner, in contrast to astriate area 4 Y
of the human. The rather sudden decrease
in darkness and the disappearance of the
strips of Baillarger marks the border line
to the area 4 O. The shailowest subfield the
area 4 supra fundum (4 s. fu), is a little
higher but less rich in fibres, especially in
the layers V and VI. The fundus of the
cruciate sulcus is also occupied by a sub-

Fig. 2. — The muyeloarchitectonic picture of the
cortex on a sagittal section in fibre staining. The subfields of
area 6 are higher than the corresponding subfield: of area 4
in the upper wall. In the left upper corner the
splenial sulcus appears.

field of area 4, the area 4 in fundo (4 fu).
It has the palest myeloarchitectonic struc-
ture among all four fields.

Where the area 4 fu increases in height
suddenly, the area 6 a begins with the sub-
field area 6 if.fu (=infra fundum) (be-
low the bottom of the furrow). This most
occipital subfield becomes darker in the di-
rection of the surface, so that near the fron-
tal border the outer strip of Baillarger is
distinct. In front of the border line the dark-
est myeloarchitectonic subfield of area 6 a
is installed. Mainly within and below the
outer strip of Baillarger the single fibres
are very dense and the outer strip broad and
conspicuous. This outer strip fades in the
Vol 3.

Number 3-4. — 19606,

sensori motor

supzrficial subfield 6 a {3, although the
number of radii is much increased. Com-
pared with the postcentral fields area 3 a,
3 b, 1 and 2 the fiber structure of area
6 a d is very pale.

The immediately next section in this
sagittal series is stained for nerve cells:
Fig. 3. The difference in height between
area 6 a and area 4 is conspicuous. The
subfields of area 6 a surpass the subfields
cf area 4 mainly in the height of the layers
III, VI and the deeper part of V. From the
surface to the bottom of the cruciate sul-
cus the size and the density of the large
pyramids (layer V) decrease considerably,
just as the cell density in the layer III and
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II in three steps. In the area 4 s. fu and
6 if. fu the cortical layers are not well ar-
ticulated but merge into one another (illa-
minatae). The V layer is subdivided and
clearly separated from the III, which is
provided merely with small pyramids in
the area 6 a d. This designation is to prefer
to 6 a « proposed by Muhs and myself two
years ago because the homology to the area
6 a « in the human is not proven at all
but rather improbable. The distinction
from area 6 a } is possible on account of
the larger and much more densely packed
pyramids in the V. layer and the more co-

lumnar arrangement of nerve cells to the
surface.

In Area 4 the most distinct layer forma-
tion is found in area 4 v and next in area
4 fu, although this is a very shallow struc-
ture in the fundus. The cytoarchitectonic
differences between the 3 deep subfields of
area 4 in the cruciate sulcus are less clear
and less important than in area 6 a.

Most parts of area 4 are hidden in the
cruciate sulcus. On the surface of the poste-
rior sigmoid gyrus only a narrow zone is
real motor cortex. It borders sometimes the

postcruciate dimple which is the borderline

Fig. 3. —

cruciate sulcus on a sagittal section through the cat’s brain.

Above the cruciate sulcus lie the cytoarchitectonic fields of pos-
terior sigmoid gyrus (3a, 3b, 1 + 2).

between the agranular motor and the gra-
nular somatosensory cortex although the
most rostral granular area 3 a has only a
narrow and light granular layer. The post-
cruciate or central dimple (Fig. 1) seems
to be the homologon of the central sulcus
of the primates as first stated by Campbell
in 1905. From all the subfields of area 6
merely the area 6 a [} lies on the surface.
The cortical fields in the praesylvian sul-
cus and on the gyrus proreus are not sub-
divided by the same cytoarchitectonic me-
thods so far.

This congruous pattern of the sensorimo-
tor cortical fields in carnivores and prima-
tes is very important. There is no conside-
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The cytoarchitectonic agranular subfields of the

rable difference although the carnivores are
not direct ancestors of the primates. The
constant pattern does not prove the deri-
vation of primates but can be taken for a
homology basing on the same structural
arrangement and the same relative position
in all mammals investigated so far.
Thereby it may be assumed that the sen-
somotor cortex has the same organization
probably in all mammals even in the origi-
nal insectivores. The homology is however
problematic in respect to the subfields of
area 4 and area 6 a. Because the structural
differences of these subfields seen in the
cat are so indistinct and perhaps species-
specific, that physiological characteristics

Vol. 5. — Number 3-4, — 1966.
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will be needed for their homologization
in other genera and families.

For most of the motor or premotor cor-
tical fields it can be taken as established
that they receive subcortical projection fi-
bers. Thus they are no more association —
but projection— fields in the anatomical
sense. Furthermore they are not extrapyra-

midal fields in the strict sense, bzcause ma-
ny of them give origin to direct cortico-
spinal fibres. The term extrapyramidal mo-
tor fields should however be taken as a phy-
siological rather than an anatomical con-
cept because a great part also of the senso-
ry and associative or integrative cortical
fields have a certain number of direct cor-

Fig. 4. — Stimulation effects from the frontal pole of the cat’s
cortex. During the stimulation of Aru (the left vertical electrode
trace in the presylvian gyrus) a fast contraversive turning of
head and trunk guided by the eye occurs. The stimulation of
Bro (electrode point in - the white matter of gyrus sigmoideus
anterior 2 mm above Aru) elicited an ipsiversive slow turning
guided by the right ear. The stimulation of Cru 3 mm caudal
from Aru in presylvian gyrus produced a lowering of head
and forebody and a discrete contraversive turning.

tico-spinal efferents. In spite of it their
functional activity remains intact for the
most part after chronic interruption of the
pyramidal tract. Therefore the term extra-
pyramidal should not be rejected for these
precentral motor fields too.

Vol 5.

Number d-4. LO66

Differentiation of frontal cortical fields by
stimulation technique

Different methods of stimulation were

used for investigations of subcortical struc-
tures since more than 100 years. 60 years
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Fig. 5 a. — The
stimulation of dee-
per part of presyl-
vian suleus  (Cru)
elicits a rotation of
the head of 90°.

ago the technique of preparing fine elec-
trodes with small active surfaces and the
kind of stimulatory currents has been im-
proved. But the stimulation method has
become more perfect as W. R. Hess created

Fig. 5 b. — Stimulation effect of point

Alu in the dorsal wall of suprasylvian

sulecus produces a raising of the head

with opening of the eyes and dilatation
of the pupil.
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the method of stimulations in unanesthe-
tized and freely moving unrestrained cat by
low frequency impulses.. This method first
published 40 years ago has begun to be
propagated in the Western hemisphere not
earlier than 10 years ago called a new
trend.

W. R. Hess'" differentiated the direc-
tion specific movements 25 years ago. Bas-
ing on his collection of kinematographic
records and brain serial sections, the neuro-
nal substrata of each single direction spe-
cific movement could be defined. The ro-
tatory movements arcund the longitudinal
axis of the body are represented in the in-
terstitial nucleus of Cajal and its fiber con-
nections, ascending to some thalamic nu-
clei and descending in the posterior longi-
tudinal fascicle '°. This was partly foreseen
by Muskens ®°. Raising movements are eli-
cited by stimulation of the prestitial nu-
cleus on the caudal border of the hypotha-
lamus and its fiber connections in the hy-
pothalamus and midbrain.

Lowering movements appear during sti-
mulations not only of the posterior com-
missure but also of the precommissural nu-
cleus (nucleus of the posterior commissu-
re) and its descending connections in the
posterior longitudinal fascicle. If the move-
ments of the head and trunk were sup-
pressed by fixation, conjugated eye move-
1966
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ments in the same direction occur. These
gaze movements were seen in monkey ex-
periments by Hyde and Eliasson *’, after
separation of the brain from the spinal cord
in the encéphale isolé preparation. The sin-
gle gaze directions were obtained from si-
milar midbrain regions but they could not

be referred to neuronal systems for the lack
of Marchi technique. In the last years some
unpublished stimulation experiments in
Callithrix-monkeys with a little modified
Hess technique showed the same localiza-
tion of the rotating, raising, lowering and
turning movements.

Fig. 6. — Stimulation effects from the area 6 a & and borderline

of 6 a § and 6 if. fu (Clo). The .timulation of electrode Alo

and Blo which are situated in area 6 a § produces an ipsiversive

turning of head and body in two different levels, Alo combined

with lowering. The stimulation of area 6 if. fu (Clo) elicits a

rotation of the head and trunk to the left side, combined with
slight ipsiversive turning.

The turning movements (in the horizon-
tal plane) or the horizontal eye deviations
have a different neuronal localization, whe-
ther they go to the same or to the opposite
side of stimulation. The ipsiversive turning
is the typical stimulation effect of an ip-
silateral vestibulo-reticulo-thalamic tract
with the site of fibre recruiting in a res-
tricted sector of midbrain’s reticular forma-
tion. The thalamic termination lies in the
internal part of an intermediate ventral nu-
cleus.
Vol 5.

Number 3.4, — LY6GG,

The adversive movements are the contra-
versive turnings. The responsible neuronal
systems are spread out through the fore-
brain and diecephalon, so that the locali-
zation was possible only after new stimu-
lation experiments. The substratum which
was earlier supposed to be in the zona in-
certa, proved now to be in the pallidum
and entopeduncular nucleus and their effe-
rent pathways, also crossing among other
structures the zona incerta (Montanelli
and Hassler) “%.
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The adversive movements have extensive
ccrtical representations already known
since Beevor and Horsley ! and C. and O.
Vogt *% and best studied in the human by
Foerster . Each of the primary sensory
fields is flanked by an area for adversive
movements (Kleist) #%.

For most of these neuronal apparatus of
direction specific or eye movements some
extensions into the ventral nuclei of the
thalamus have been demonstrated. These
ventral nuclei project to the cerebral cor-
tex. Therefore it was to expect that from
the specific cortical projection fields the
same stimulation effects could be obtained.

With the same technique of implanted
electrodes in the freely moving cat all di-
rection specific movements can be elicited,
especially if 30 stimuli per second are also
applied.

Fig. 4 shows one cat’s experiment, in
which each of three stimulation points se-
parated only 1,5 mm. from one another
provided another direction specific move-
ment: The rostral electrode Aru led to an
adversive movement of the whole body.
Stimulated is the upper surface of the pre-
sylvian sulcus; 1,5 mm. more caudal and
2 mm. more dorsal (Bro) the stimulation
produces a turning to the same side (ipsi-

Fig. 7. — Lowering of the head and forebody during stimulation
of the medial wall of presylvian gyrus.

versive). The stimulated area is the white
matter below the cruciate sulcus more
exactly below the area 6 a d. 1,2 mm. more
caudal again another stimulation effect is
a marked lowering of the head and the neck
with slight contralateral turning. Produced
is this effect from the upper surface of the
presylvian sulcus but 2,7 mm. more cau-
dal than the contraversive turning.

If in another experiment a cortical re-
gion about 1 mm. more medial is stimula-
ted 30 times the second, a clear rotating of
the head appears. (Fig. 5 a).

2 mm. above in the area 6 a d the sti-
mulation effect was an ipsiversive turning
again. In the other hemisphere a raising
of the head occurred as stimulation effect

308 ~

(Fig. 5 b) of the rostral most cortex of the
anterior sigmoid gyrus, where it merges
with the gyrus proreus.

Three stimulations, each 1,3 mm. behind
the other in a sagittal plane (Fig. 6) in
the area 6 a & of the lower lip of cruciate
sulcus elicited always a turning to the sti-
mulated side. In the middle stimulation
point turning was uncomplicated, in the
rostral point combined with a slight
lowering of the head and in the caudal
point combined with a marked rotation.
The latter point lies on the border line
between area 6 a d and 6 if. fu, the rostral-
most point on the rostral border of area
6 a O and in the white matter below irt,
which contains also the projection fibres
of the anterior sigmoid gyrus. The com-

Vol. 5.
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mon structure stimulated on all the three
points is the area 6 a d.

In a last example (fig. 7) the stimula-
tion of the medial wall of the presylvian
gyrus elicited a clear sinking movement.
As after-image the cat raises the head and
eyes. In the other hemisphere the stimula-

tion of a more lateral portion of the pre-
sylvian gyrus (Fig. 8) produced a contra-
versive turning of the head. If this was
prevented by fixation of the head merely
the eyes made a conjugate deviation to the
contralateral side with pupil dilatation
(Fig. 8). This demonstrates that the direc-

Fig. 8. — Stimulation effect of superior wall of presylvian

sulcus, marked by a small coagulation sagittal section elicited
a typical adversive movement of the head (a). - If the head

is fired before stimulation (w) the stimulation elicits merely
a conjugated deviation of the eyes to contralateral side with
considerable dilatation of the pupils.

tion specific movements of the head and
trunk are produced by the same neuronal
system as the gaze movements. Whether
the eyes or the head deviate, depends only
from the unrestrained or fixed situation of
the head.

Vol 5.

Number 3-4, — 19606,

Survey of stimulation foci for direction

specific movements
There is a clear difference between the

stimulation effects elicited from the cortex
within the cruciate sulcus and the cortex
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Fig. 9. — Reconstruction of the cat’s
frontal pole with stimulation effects
of gyrus sigmoideus anterior, gyrus
proreus and gyrus praesylvius. The
more lateral the stimulation was
applied, so more contraversive tur-
ning occurs. The raising effects are
accumulated on the conjunction of
gyrus proreus and gyrus sigmoideus
anterior.

- psiversiv
e~ contraversiv
& Heben

Senken

'1 Rotation

Fig. 11. — On the lateral wall of
gyrus proreus the stimulation effects
are marked. In the height raizing
effects and on the lower part rota-
tion combined with contraversive
turning. The gyrus praesylvius
is removed
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Fig. 10. — Stimulation effects of the

medial wall of gyrus praesylvius de-

monstrated after removal of gyrus

proreus. In the region of area 6 a 6

nearly all stimulations produced ipsi-

versive turning. More caudal rotation
appears,

~» ipsiversiv
e- coniraversiv
& Heben
L 4 Senken
% Rotation

- A v

Fig. 12. — Reconstruction of the
frontal pole of the cat’s cortex with
removal of the dorsal wall of cruciate
sulcus. Accumulation of ipsiversive
turning in area 6 a d and its borders.
In area 6 a § and 1 front of anterior
sigmoid gyrus accumalation of raising
movements. In area 6 i.fu rotation of
the head frequently combined with
contraversive turning occurs.

Vel, 5. — Number 3-4, — 1966,
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of the frontal pole (Fig. 9) especially from
the border of the presylvian gyrus and sul-
cus. The medial wall of the presylvian sul-
cus is formed by the gyrus proreus, the la-
teral wall by the presylvian girus, which
becomes superficial on its course to the ba-
se of the piriform lobe. The more lateral
and the more caudal a stimulation point
lies, the more its stimulation is followed by
contraversive movements (Fig. 11). There
is a clear cut localization. This region may
correspond, after having beea localized

AREAS OF CAT'S FRONTAL LOBE: THEIR...

exactly, to the lateral portion of area 8 in
primates. (Fig. 10).

Surprisingly also in the depth of the
cruciate sulcus, more exactly in area 6
ir.fu, a contraversive turning (Fig. 12)
occurs in 7 of 10 stimulations. Another
accumulation of stimulation foci lies on
lateral and rostral wall of gyrus proreus
and its fusion with the anterior sigmoid
gyrus. These are the raising movements
which never appear from lateral foci.
Whether this cortex is agranular or dys-

v F iongit. post

-r ,f spi

Fig. 13. — Schematic drawing of neurcnal systéms for direction specific move-
ments on the sagittal plane., The connections of nucleus inter.titialis (i st)

nucleus prestitialis (P.

st) and of Nucleus praecommissuralis (P.r.co) with

their thalamo cortical continuations are demonstrated. The cortical areas bring
about their effects by returnline to the three midbrain nuclei which regulate
the direction specific movements. The same systems regulate the
conjugated eye movements in higher mammals.

granular or belonging to the granular pre-
frontal cortex is still to be decided. The
representation was surprisingly high up
and borders the anterior part of sigmoid
gyrus.

The localization of the lowering move-
ment of the head seems to be clear: the
lowering movements appear more fre-
quent, when the stimulation electrode pro-
ceeds to the depth of the presylvian sulcus,
mainly its upper end. But very seldom
these movements are pure lowering, mostly

Vol 5,

Number Jed, - 19646,

they are combined with rotatory or ipsiver-
sive turning.

But the most interesting finding is the
unequivocal concentration of stimulation
foci for ipsiversive movements. These are
concentrated in the area 6 a d. All the
twentyfour stimulation foci lie in this area
or in the medullary core below 6 a O
(Fig. 10). No stimulation in this area
6 a d happened without an ipsiversive
turning of the head or even all the body.

A little more caudal in the cruciate sul-
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cus on the border to the area 6 if.fu (or
6 a illaminata) the number of ipsiversive
turning effects decreases and more and
more rotating of the head (to the same side)
appears (Fig. 12). But the correlation of
the rotating to the area 6 if.fu is not so
strong as this of ipsiversive turning to area
6 a 0. Rotating of the head was also regis-
tered during stimulations of the deepest
part of gyrus proreus (Fig. 11).

Evaluating these 90 foci of circumscribed
stimulation in the frontal pole of the cat
a correlative conclusion can be drawn for
the ipsiversive movement and area 6 a 0
— to avoid errors of homologization this
term is prefered to the misleading area
6 a a.

The other conclusion is the congruence
between raising movements and the border-
land between area 6 a [} and the most dor-
sal part of gyrus proreus. There another
subfield of area 6 a is installed not clearly
differentiated so far.

Even for the other direction specific ef-
fects however localisatory differentiation is
suggested, although we can not define the
exact subfield within the agranular or dys-
granular frontal cortex. But the trend of
segregation of the specific stimulation fo-
ci is evident.

DISCUSSION

If the precentral extrapyramidal cortical
tields are investigated by a special stimu-
lation technique they reveal to be cortical
representations of direction specific head
and trunk movements and vicariously of
gaze or conjugated eye movements.

The latter statement is not surprising;
then it is known since 1884 by Ferrier, af-
terwards by Schifer and Russell (1894)
that the precentral motor cortex is border-
ed rostrally by an excitable cortex regu-
lating eye movement. The same was to as-
sume for the cat’s cortex. But the clear se-
paration for single direction of gaze mo-
vements in the cat’s precentral extrapyra-
midal cortex was not suspected.

The reason why these observations had
not been done before for the cat’s motor
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cortex is the simple fact of an improve-
ment in stimulation methods, that the ad-
vice of W. R. Hess was followed: to work
with the freely moving unanesthetized ani-
mal through implanted very fine electrodes
and near threshold stimuli of low frequen-
cy. This methodologic refinement must be
combined with a precise localization of the
stimulated area defined by architectonic in-
vestigation.

In respect to the conjugated eye move-
ments it is interesting that the gaze move-
ments to the stimulated side has a separate
localization in the cruciate sulcus. This sul-
cus does not correspond to the central sul-
cus in primates and man but is a signifi-
cant enlargement of the motor cortex sur-
face, because it is bordered only by sub-
fields of area 4 (upper lip) and area 6 a
(lower lip). Within the lower lip the sti-
mulation must be restricted to the area
6 a O or its fiber layer to elicit ipsiversive
movements. In the cat too the ipsilateral
side of the body is represented in a sub-
field of area 6 a as demonstrated by Bucy
for the monkey thirty two years ago, even
not pointed out for the gaze. My forecast
of ipsiversive representation in area 3 a
basing on the cortical projection of ventral
thalamic nuclei is not confirmed.

Misleading was the scattered termination
of the ipsilateral vestibulo-reticulo-thalamic
pathway which simulated a termination in
the external instead of the internal part of
intermediate ventral nucleus (V. im. e ins-
tead of V. im. i). For the area 3 a Oscars-
son and Rosen 2% detected in the meantime
that it is the cortical projection of fast
muscle afferents (I A) and its thalamic
nucleus is the external part of interme-
diate ventral nucleus (V. im e).

If the head movements are not restrained
but free the cat also performed head and
body movements in response to stimula-
tions of the extrapyramidal motor fields.
This is perhaps a little more unexpected.
So far only for the contraversive or adver-
sive movements of the head and trunk a
cortical localization was discussed and only
by Foerster and after him by Roettgen also
for ipsiversive turning. But all direction

YVol. 5., — Numher 3-4, —
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specific head and trunk movements, even
the rotation, raising and lowering have
their cortical representations. They are cal-
led by W. R. Hess extrapyramidal and for
differentiation from the clinical term ex-
trapyramidal supravestibular. Each of the
supravestibular systems has its circums-
cribed cortical representation. The greater
part of extrapyramidal motor fields are
fields of direction specific head and trunk
movements. Thus the biological meaning
of these extrapyramidal areas is now a lit-
tle more understood.

From a functional point of view a great
sart of so called extrapyramidal motor
areas are the thalamo-cortical continua-
tions of the subcortical supravestibular sys-
tems (Fig. 13).

Functional differences between the tha-
lamo-cortical and the supravestibular neu-
ronal systems responsible for one direction
of movement exist in so far as the subcor-
tical systems are tonically active in the
awake state which does not take place in
the thalamo-cortical systems. The conse-
quence of this tonic activity is the mirror
like elimination effect after unilateral des-
truction of one direction specific system.
From the cortical systems no enduring eli-
mination effect occurs. The true regulation
of all movements in one direction is perfor-
med in the subcortical share. Perhaps the
cortical share has to adapt the automatic
movement corrections to the voluntary or
intended movements in one or the other
direction. 1f one direction specific move-
ment —for instance rotating to the left
side— is part of a voluntary action; then no
corrective movement appears, which is pre-

SUM

The organization of the cat’s frontal mo-
tor cortex is structurally in accordance
with that of the primate’s frontal lobe.
Nearly all architectonic fields and subfields
of primate can be identified in the cat.
This fact suggests that all mammals have
Val 5,

Numhber 34, 19G6,

sent always, if the same movement sets in
passively by outer forces.

The movements in the horizontal plane,
the turning either to the same or to the
opposite side, have cortical representations,
which are a little more spread out or en-
cluded in the motor-cortex.

A lateral part of area 8 and perhaps the
most caudal subfield of area 6 a are the
responsible cortical structures for contra-
versive or adversive movements at least in
the frontal pole of the hemisphere. The
area 6 a O is the cortical representation
of ipsiversive movements. It is clear that
these cortical apparatus for movements in
the same plane are always interdependent.

Here a bridge from the concept of su-
pravestibular extrapyramidal system to the
extrapyramidal systems in the clinicopatho-
logic sense is thrown. The contraversive
movements have their most important subs-
trates in the pallidum and entopeduncular
nucleus (Hassler and Montanelli and Hass-
ler), which are integrating parts of the
subcortical extrapyramidal system. The cor-
tical continuations of these systems — by
mediation of special thalamic nuclei
(V.o.a)— are true extrapyramidal motor

fields.

All the extrapyramidal motor fields in-
cluding these for movements in the verti-
cal plane and around the long axis of the
body have efferent descending projections.
Some of these pass as cortico-spinal systems
to the region of the motoneurones, others
mediate only the cortical impulses to the
supravestibular centres for the movements
of the same direction. They are not operat-
ing but by means of the subcortical por-
tions.

MARY

the same pattern of motor fields with an
identical relative position.

The differentiation of the cat’s frontal
cortex by a little modified Hess stimula-
tion technique shows an impressive mul-
tiplicity of stimulation effects specific for
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each subfield. Most of them are direction
specific movements or vicariously conju-
gated eye movements. Whether the first or
the second appears, depends on the unres-
trained or restrained posture of the head.

The ipsiversive movements arc obtained
in the cortical level by stimulations of area
6 a d in the lower lip of the cruciate sul-
cus. The caudally joint subarea 6 infra fun-
dum or illaminata yields rotating and not
constantly contraversive movements.

On the lower bank of the anterior sig-

RESU

La organizacion de la corteza motora en
el gato concuerda desde el punto de vista
de la estructura con la del I6bulo frontal
de los primates. Casi todas las areas y sub-
areas arquitectonicas. de los primates pue-
den ser identificadas en el gato. Este hecho
sugiere la existencia de una disposiciéon de
las areas motoras comuin a todos los mami-
feros, caracterizada per idéntica posicion
relativa de las mismas.

La diferenciacion de la corteza frontal
del gato por la técnica de Hess algo modi-
ficada demuestra una notable multiplica-
cion de efectos estimulantes especificos pa-
ra cada subarea, La mayor parte de éstos
son ya sea movimientos especificos en su
direccion o movimientos oculares conjuga-
dos adaptados. Segun que la postura de Ia
cabeza est¢ fijada o cambie, aparecen el
primero o el segundo de los movimientos
enunciados.

moid gyrus and the cortical regions su-
rrounding the rostral most part of presy!-
vian sulcus locally separated representations
for each of the direction specific move-
ments exist.

The functional meaning of extrapyrami-
dal motor fields is that they are thalamo-
cortical connexions of the supravestibular
and of the pallidar systems for direction
specific head and trunk or gaze move-
ments.

M E N

Se obtiene movimientos hacia el mismo
lado a nivel cortical mediante la estimu-
lacion del area 6 a O en el labio inferior
del surco “cruciatus”. El subarea 6 “infra
fundum” adyacente en el sentido caudal da
lugar a movimientos de rotacién y no cons-
tantemente contraversivos. En la vertiente
inferior de la circunvoluciéon sigmoides y
de las regiones corticales que rodean la
parte mas anterior de la cisura presilviana
existen representaciones locales indepen-
dientes para cada uno de los movimientos
especificos de direccion.

La significaciéon funcional de las areas
motoras extrapiramidales consiste en que
constituyen conexiones talamocorticales de
los sistemas supravestibular y palidal para
los movimientos de direccion especificos de
la cabeza, el tronco y la mirada.

RESUME

L'organisation de I'écorce motrice dans
le chat est, du point de vue de sa structu-
re, en concordance avec celle du lobe fron-
tal des primates. Presque toutes les aires
et sub-aires architectoniques des primates
peuvent étre identifiées dans le chat. Ce
fait suggere l'existance d'une certaine dis-
position des aires motrices, commune a tous
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les mammiféres, caractérisée par une posi-
tion relative identique des mémes.

La différentiation de I'écorce motrice du
chat obtenue par moyen d’une technique de
Hess un peu modifiée démontre une remar-
quable multiplication des effets stimulants
spécifiques pour chaque sub-aire, dont la
plupart sont ou bien des mouvements spé-
196G,
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cifiques dans leur direction ou bien des
mouvements oculaires conjugués adaptés.
Selon que la position de la téte soit fixe
ou changeante apparaissent le premier ou
le deuxi¢me des mouvements énoncés.
On obtient des mouvements vers le mé-
me cOt¢ au niveau cortical par moyen de
la stimulation de l'aire 6 a d au bord in-
férieur du sulcus “cruciatus”. La sub-ai-
re 6 “infra fundum” adjacente dans le sens
caudal provogue des mouvements de rota-
tion non constamment contraversifs. Sur le
versant inférieur de la circunvolution sig-

ZUSAMME

Die Organisation der motorischen fron-
talen Hirnrinde bei der Katze stimmt in
ibrer Struktur mit der des frontalen Lap-
pens bei den Primaten ueberein. Fast alle
architektonischen Felder und Unterfelder
bei den Primaten koennen bei der Katze
wieder-gefunden werden. Diese Tatsache
legt nahe, dass bei allen Saeugetieren die
Struktur der motorischen Felder dieselbe
ist mit identischer relativer Position.

Die Differenzierung der Frontalrinde
der Katze durch eine etwas modifizierte
Hess’sche Reiztechnik weist eine eindrucks-
volle Vielheit von Reizungseffekten auf,
die spezifisch fuer jedes Unterfeld ist. Die
meisten davon sind Richtungsspezifische
Bewegungen coder vikariierende konjugierte
Augenbewegungen. Ob das Erste oder das
Zweite auftritt, haengt von der gezwunge-

moides et des régions corticales qui sont
autour de la partie la plus antérieure du
sulcus presylvien il y a des représenta-
tions locales indépendantes pour chacun des
mouvements spécifiques de direction.

La signification fonctionnelle des aires
motrices extrapyramidales consiste a ce
qu’elles constituent des connexions thala-
mo-corticales des systémes supravestibulai-
re et palidal pour les mouvements de di-
rection spécifiques de la téte, le tronc et
le regard.

NFASSUNG

nen oder ungezwungenen Haltung des Kop-
es ab.

Die ipsiversive Bewegungen erhaelt man
in der kortikalen Sphaere durch die Rei-
zung der Felder 6 a d and der unteren Lip-
pe des Sulcus cruciatus, das sich kaudal
anschliessende Feld 6 infrafundum oder il-
laminierte erzeugt rotierende und nicht im-
mer kontraversive Bewegungen.

An der unteren Kante des Gyrus sigmoi-
deus anterior und in den kortikalen Ge-
genden, die den groessten rostralen Teil des
Sulcus praesylvianus umgeben, bestehen lo-
kal separierte Repraesentationen fuer jede
der richrungsspezifischer Bewegungen.

Die funktionelle Bedeutung der extrapy-
ramidalen motorischen Felder besteht da-
rin, dass sie thalamo-kortikale Verbindun-
gen darstellen.
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Thalamic Afferents to the Frontal Lobe:

of the Macaque’

by WENDELL J. S. KRIEG

Department of Anatomy, Northwestern University Medical School.

Afferents of the frontal lobe can be only
from three sources: thalamus, other lobes
of the cerebrum, and striatal complex. The
very existence of the last category is contro-
versial, and since we have not been in a po-
sition to see striato-cortical connections they
will not be discussed here.

Corticocortical connections may be stu-
died anatomically by one of the fiber de-
generation methods, broadly classified as
Marchi or Nauta, and physiologically by
cortical potentials evoked either electrical-
ly or by strychnine, but not by retrograde
degeneration. Our two volumes on con-
nections of the cerebral cortex ' have
dealt with cortico-cortical connections iz
extenso; it will not be reiterated here.

Thalamocortical connections can be stu-
died either by retrograde cell degeneration
after localized cortical injury or by fiber
degeneration methods after direct thalamic
lesions. Nearly all the existing studies have
utilized the first of these approaches.

The retrogressive changes in specific tha-
lamic nuclei were discovered by Monakow
in 1882 bur little use was made of this for
working out thalamocortical relations in a
systematic way until 1923 when Minkows-
ki ' made lesions on individual gyri of
macaques and localized the resulting cell
degencration in the thalamic nuclei. He
came to the conclusion that an anterior-pos-
terior correlation exists, in a specific pattern
that conforms to the general correlations
accepted today, so far as it went, except
Number 2-4,
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that he believed that anterior nucleus pro-
jects to prefrontal cortex and central nu-
cleus of Luys projects to frontal operculum.
He also showed a dorsoventral correlation
between VPL and postcentral gyrus.

LeGros Clark, between 1932 % and 1953 4,
exploited the method of retrograde dege-
neration after experimental cortical lesions
at first in the rat, then in the macaque, cla-
rifying and precising the topographical
plan considerably.

Approximately coeval with the work of
LeGros Clark, Walker studied the primate
thalamus ' 'S, principally by the degene-
ration method but extending his studies to
fiber degenerations of the thalamic affe-
rent pathways, and into the chimpanzee,
as a form closer to man.

More recently Mettler ' and Chow ! =
have restudied thalamocortical relations in
the macaque and others have studied va-
rious mammalian forms, including man,
always with the same approach: localized
lesion of cerebral cortex followed by a map-
ping of the region of thalamic cell dege-
neration after a suitable period. From these
studies has grown up a rather settled body
of doctrine on thalamocortical relation-
ships, except for certain undecided details,
and it might be added, a vague uneasiness.

“ The research cn which this paper is
based was supported by USPHS grant B-
683.
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So far as the frontal lobe is concerned,
the consensus is about as follows. Ventra-
lis anterior and ventralis lateralis * supply
premotor cortex, medialis supplies the pre-
frontal region, while lateralis anterior sends
to motor or premotor areas, or both. While
this accounts for the principal nuclei of the
forward part of the thalamus, it ts not
the whole story. Retrograde degeneration
in the somestketic nuclei after area 4 lesions
was seeen by Clark* and Chow and Pri-
bram ?, though this finding has not dis-
turbed the concept of one nucleus for one
cortical region, and the implied doctrine
of point-for-point specificity.

Several studies, including our own, have
demonstrated cellular degeneration in the
paracentralis that varies in location with
the cortical site lesioned, and we have ob-
served localized distribution of corticotha-
lamics within that nucleus. Chow ' demon-
strated local representation of the cortex
within the reticular thalamic nucleus. So
here are three systems —princioal, intrala-
minar and reticular— each with somewhat
parallel localized representation on the ce-
rebral cortex. An upset of the doctrine of
local specificity has been avoided by re-
garding these others as waking or alerting
systems, though some physiclogical evi-
dence is against the operation of such a
mechanism.

When we canvass the thalamic supply
of area 4 we find that it receives from ven-
tralis lateralis, paracentralis, reticularis,
ventralis posterior lateralis, ventralis pos-
terior medialis, lateralis anterior, medialis
pars externa, and as we shall show, ventra-
lis posterior inferior. Layer IV of cerebral
cortex is generally considered to be spe-
cialized to receive thalamic projections, but
the area that receives most widely from the
thalamus has no fourth layer at all.

Any notion that the cerebral cortex mi-
rrors the spatial organization of the thala-

* According to our observations nucleus
ventralis lateralis of Walker is separab'e
into a nucleus dorsomedialis and a ventralis
ventralis. The former shows degeneration of
corticothalamic connections after externsive
lesions of area 6, the latter after lesions of
area 4.
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mus, as might be inferred from the sum-
marizing diagrams of some workers, is
further dispelled by the fact that the inten-
sity of thalamic distribution over the cere-
bral cortex varies enormously from area to
area, and was already shown in an intensity
distribution surface map of the monkey
cerebral cortex by Walker in 1938. Such
a depiction fails to show the even more
emphatic contrasts between distribution on
gyri and their adjacent sulci. Surface areal
differences more concern the temporal and
cccipital lobes, but the absence of thala-
mic terminations in the arcuate and prin-
cipal sulci of the monkey is striking, with
the result that areas 8 and 46, wich are
primarily sulcal, are poorly provided with
thalamic afferents, admitting certain local
exceptions. Even areas whose configuration
is nearly flat, as area 11, may show gross
differences in the concentration of thala-
mic afferents they receive in their several
subareas.

It s well recognized that thalamic nu-
clei may or may not degenerate after de-
cortication, as determining the existence of
a cortical connection, but there is also par-
tial cell loss after topectomy and shrinkage
or paling of the surviving cells to be con-
sidered. LeGros Clark, in studying the so-
mesthetic nucleus, states that destruction of
area 2 produces no cell loss, but a 25 9%
reduction in cell size; removal of areas 1
and 2 gives a partial cell loss in the back
of the nucleus; while topectomy of area 3
alone produces a partial cell loss through-
cut the nucleus.

In additicn to all these observations are
the theoreiical considerations (1) that there
may be cortical stations which receive
from cells so diffusely scattered over the
thalamus that cell change cannot be de-
monstrated, and (2) that there may be tha-
lamic nuclei which disiribute so widely
over the cortex that degeneration is not
seen after topectomy. Possibly, also, there
are nuclei resistant to cell change: most
other divisions of the brain show no re-
trograde degeneration when their termi-
nals are destroyed. Must all parts of the
thalamus show retrograde degeneration,
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itse!f an exception in the brain? Might
it not even be possible that the observed
degeneration is a transneuronal one from
deprivation of the corticothalamic supply,
or at least be dependent on the combina-
tion of loss of their field of discharge and
decrease of their field of stimulation?

Virtually all the cortical topectomies
tilustrated in the litcrature are quite large,
however considered. It ought to be possible
to disccver small areas of cell degeneration
after small cortical lesions, if the distribu-
tion is at all punctate. Possibly such were
attempted and nothing found.

With all these structures in mind, one
might imagine that an attempt would be
made to settle problems of thalamic projec-
tion by direct small stereotaxic lesions in
the thalamus, followed by a study of the
course and distribution of the degenerat-
ing fibers. Stereotaxic machines are used
daily by investigators of the brain, but it
is difficult to divine why they have not
been applied more to the problems of tha-
lamocortical relationships. A complication
is that the penetration of the corona or
capsule by the electrode throws a shower
of degenerating fibers in both directions.
Actually, however, the projections of the
thalamic nuclei are so concentrated and
made up of such coarse fibers that they
can be easily traced in Marchis. Moreover,
the course of the corticipetal fibers is so
distinct from that of the corticifugal ones
that anyone experienced with tracing fi-
bers after cortical lesions can distinguish
in an isolated section with which category
he is dealing.

Except for the early work of Sachs 9,
one of the first applications of the stereo-
taxic machine, and the random jabs of
Pcliak !, beautifully worked up however,
our only predecessor in this work was
Crouch ™ % who made a series of discrete
stereotaxic lesions in the macaque. His pri-
mary interest was in internuclear thalamic
connections but he reported also on tha-
lamocortical radiations and first discovered
many cf the connections which we will
be reporting in this paper from a study
of our own lesions.

Yol 5; Number J-4. — 1966,

Qurs too were stereotaxic thalamic le-
sions of the macaque, but our approach
to the thalamic nuclei from the opposite
side of the brain, in order to avoid damage
to the capsule or corona of the lesion side,
administered by a stereotaxic machine on
a new principle, devised by the present
writer. Qur interest was, primarily in tha-
lamocortical radiations and our preoccupa-
tion was in establishing exact positions,
courscs and distribution patterns of the
fibers.

The lesions were performed by our gra-
duate student Edward Maibenco and were
reconstructed fully in his doctoral thesis in
1957 ', Dr. Maibenco has since gone into
another kind of work and the results of
his thesis rernain unpublished. On restudy
by the writer some significant changes
were found necessary and they have been
reconstructed anew from study of the
sections.

The machine referred to is illustrated in
tigure 1. It is built on the principle of a
duplicator. The lesioning arm and indicator
arm are yoked so that the position of the
tips and the three-dimensional angle of
each correspond, within a limited universe.
A mounted frozen serial section of a com-
parable brain is set up in the proper posi-
tion on one side, and the desired point,
when touched with the indicator tip, is
duplicated in the living brain positioned
alongside. Any arbitrary approach may be
made, without calculation, and extreme an-
gles of entry may be chosen. The machine
is particularly applicable to species or stages
of development fcr which no stereotaxic
atlases exist. All that is necessary is to
mount stained frozen sections of a corres-
ponding animal or a littermate on the con-
trol side.

The reconstructions of Maibenco were
made as standard slice reconstructions on
the cutlines used by the present author for
reporting all work in our laboratory, but
to save space reconstructions used here are
medial aspects of the course of the dege-
nerated fibers laid into a half-shell of the
internal configuration of the cerebral cor-
tex.
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Fig. 1

Stereotaxic machine oa duplicator principle. Used for making thalamic
lesions from opposite side in this study. (Photo courtesy C. H.
Stoelting Company, Chicago 24, the builders).

Fig. 2
Lesion 198. Large lesion in VPL plus somesthetic radiation.
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Ventralis posterior lateralis

We shall begin with an exception for
this lesion (1 198, fig. 2) is of the VPL of
the side on which the electrode entered,
and in its lateral approach penetrated the
somesthetic radiation. The effect is that of
a virtually complete destruction of the
lower part of VPL, sparing VPM and all
orher nuclei, except reticular.

Because of the coarseness and closeness
ct the fibers of the somesthetic radiation
there is no difficulty in following it to its
c¢nd. The internal capsule behind the py-
ramidal tract is virtually taken over by the
somesthetic radiation. On nearing the cen-
tral sulcus the stalks continue without
change of direction into the precentral
gyrus and terminate in the motor cortex
of area 4.

A powerful contingent of fibers passes
into the postcentral gyrus, but they branch
off in a peculiar manner, leaving the main
bundle at an abrupt right angle, only a
few bending and flowing into the gyrus in
the natural manner. They end throughout
areas 3, 1 and 2.

Lesion 199 (fig. 3) makes a sloping
entry into the medial region of VPL, barely
avoiding VPM. The radiation is in two

THE FRONTAL LOBE OF THE MACAQUE

slightly separated but distinct units. The
first part of the course of the fibers is
nearly horizontally through the internal
capsule, in small fascicles. Then they climb
dorsally in the outer half of the capsule,
coursing quite outside of the corona deep
to the central sulcus. Because the fibers
are fewer the details of the separation can
be seen better than in the previous example.
The region of separation is composed of
fiber segments each of which runs either
dorsally into the precentral alba, or late-
rally to enter the postcentral gyrus. Once
inside the gyral alba the fibers curve gra-
dually to conform to the bent profile of
this gyrus. It is rare to be in a position
r0 witness an actual turning, because of the
essentially segmented nature of Marchi
material. In the few examples seen, mostly
outlying, they seem to make a sharp bend,
not a T, as would be expected if the post-
central element is a true collateral. This
dilemma will continue to dog us through-
out this report. The split in the projec-
tion was a fortunate occurrence because it
showed that there is no scatter or mixture
of the units: they are quite parallel in their
cntire albal course. We are forced to the
concept that local representation of stations

Fig. 3
Two small lesions to VPL,

Lesion 199.

Vol 5. Number 3-4. 196G,
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in the thalamus, and hence bodily stations,
instead ©of being to cortical peiats, is to
lines of cortex which runs across pre-and
postcentral gyri and that dermatomal seg-
ments are represented as a succession of
strips across gyri. There is no reason to
believe that the succession and proportion
between the bodily segments is otherwise
than has bezen shown by the various wor-
kers. Topographically corresponding sta-
tions are lower in the postcentral sulcus,
corresponding to the observed obliquity of
the central sulcus on the cerebral surface.

Ventralis posterior inferior

Lesion 195 (fig. 4) pierces VPI in its
course. Though it also pierces the medial
nucleus and the internal capsule there is
no confusion in the origin and course of
the degenerated fibers from VPI. Unlike
the radiation of the somesthetic nucleus the
fibers run directly dorsally medial to the
internal capsule, enter it halfway up the
thalamus and are distributed to the gyral
cortex of area 4, apparently confined to its
dorsal part. The fibers are sparse and scat-
tered, but quite coarse. This and some

other observaticns have led to the surmise
that the dorsal edge of the motor area has
some general character or is distributive in
nature. Maibencc’s cbservation that VPI
sends to globus pallidus was not sustained.

Lateralis anterior

Lesion 197 (fig. 5) is a discrete involve-
ment of less than two millimeters in dia-
meter of what we regard as the ventral
part of lateralis anterior. It is just in front
of VPL in an illdefined region which for
Walker would be in his massive VL. The
radiation is pure, and casily followed. The
fibers migrate obliquely laterally and for-
ward, entering the capsule near the dorso-
lateral edge of the thalamus. Still running
forward and laterally, they traverse it, and
finding themselves close under the pos-
terior spur of the arcuate suicus, separate
into dorsomedial and ventrolateral groups,
continuing their course close under the
cortex.

The former group fan cut in the supe-
rior arcuate fissure, and on reaching the
dorsal peak turn forward, terminating in
gyral cortex all along the way: area 0,

Fig. 4
Destruction of most of VPI. Penetration of medialis (M),
Centralis (Ce), Cerebral peduncle (P), end lateral geniculate (LG).

Lesion 195.
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Fig. 5

Lesion 197.

possibly continuing into area 8. The ven-
trolateral component follows the precentral
gyrus as far as the lateral fissure, terminat-
ing in area 44 and lower 6. An interme-
diate group ends directly in the arcuate
spur and sends fibers forward under the
convexity of the arcuate sulcus and into
the cortex of its convexity, area 8.

One cu. mm. in ventral part of LA destroyed.

As the bundles run along under the
cortex they send off numerous presumptive
collaterals at abrupt right angles toward
the overlying ccrtex. Again we see only a
mixture of tangential and radial batonnets,
never fibers curving to enter cortex. The
arrangement is entirely different from any-
thing scen in the ecntire category of cor-

iz, 6
Horizontal perforation along upper surface of LA.

Lesion 196.
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ticifugals. Though the lesion is small and
is ventrally placed in the nucleus, fibers
are widely distributed in areas 6 and 8.

There is another lesion to the lateralis
anterior (1196, fig. 6) this one is a fine
horizontal line in its dorsal extreme and
in the frontal plane. In spite of its res-
tricted size and different position the ob-
served radiation is an extensive one, in-
cluding the dorsal half of areas 6 and 8,
though not their ventral halves, as in the
preceding.

One thus gains the impression that there
is little point-for-point specificity in the
lateralis anterior radiation, and the univer-
sal distribution by quasi-collaterals suggests
a linear arrangement of thalamic stations
here, too.

Medial nucleus

Crouch was unable to find any projec-
tion from nucleus medialis, though nearby
nuclei in the same lesion showed good
connections. The same holds for his pre-
decessor, Sachs, and for our own series,
until we permitted an operated animal to
survive four weeks, when the medialis ra-
diation was seen fully developed. Unfor-

tunately, only one animal was thus treated,
and a well defined though restricted radia-
tion was disclosed. Reconstructed originally
by slices, the course of the radiation has
been summarized in medial profile in fi-
gure 7. The lesion was a nearly horizontal
thrust of the cold electrode below the
middle of the central part of the medial
nucleus. The flat ribbon-like radiation tra-
versed the nucleus anterior to emerge at
the frontal pole of the capsule and join
the anterior thalamic radiation. Thence it
courses with the anterior limb of the in-
ternal capsule. On emerging into the alba
it trends laterally, not scattering much,
and distributes in the infericr frontal and
fronto-orbital gyri.

So because we have but one case we
cannot say much about the distribution
pattern of the medial nucleus. In fact, our
case has not confirmed cither of the recent
views concerning organization of the me-
dialis-frontalis. Mettler ' divides the me-
dial nucleus into vertical laminae with the
prefrontal areas 8-12 arranged in order,
roughly speaking, from lateral to medial.
Pribram, et al. '* organize the medialis into
sagittal laminae, the more medial sending
to the more dorsal longitudinal strips of
prefrontal cortex, and the more lateral

Fig. 7
Horizontal perforation of medialis.

Lesion 192.
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Fig. 8
Lesion 70. Cortical endings and subcortical position of forward

running fibers after frontal lobotomy. They arise preponderantly in
nucleus medialis thalami.

laminae to the more ventrolateral pre-
frontal strips. Whichever plan is cerrect,
our lesion should cut through all strips or
their radiations and show a scattered dis-
tribution in the frontal lobe.

The fiber architectonics of the medialis-
prefrontalis radiation can be worked out
from the pattern of corticipetal degenera-
tion following prefrontal lobotomy in the
monkey. The thalamocortical fibers, once
clear of the capsule, show a strong ten-
dency to form a lamina close under the
cortex (fig. 8) while running forward and
1966

g-4,

Vol 5. Number —

sending abrupt collaterals into the over-
lying cortex. The carpet is especially thick
under the principal sulcus though none of
its cortex here, area 406, seems to receive
any endings. Indeed, a distinct clear lamina
separates fiber stratum and cortex. The
entire gyrus rectus prominence, with its
area 12, carries no thalamocorticals. En-
dings are numerous in certain of the sub-
areas of areas 8, 9, 10 and 11, which we
demonstrated long ago. Time is not at hand
to derail these; suffice it to point out that
the localization is very specific as to parts
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Fig. §

Showing the numerous endings around principal
suleus at frontal pole.

Lesion 70.

of areas. For example, the forward extreme
of the principal sulcus receives a great
number of endings (fig. 9) though the
remainder does not.

It would be possible to adduce further
evidence for the generality of the principle
of collateralization of the thalamocortical
distribution from examples in the posterior
half of the cerebrum, but this paper is con-
fined to the frontal lobe. The incredulous
may object that surely the visual area is

326 ~

a region of point-for-point representation.
Yet it is here that the branching system
seems best organized. The visual radiation
is rather compressed between the deep
folds of the occipital lobe, leaving little
space in the alba. Here the collaterals form
a thin lamina, oriented at right angles to
the main stalks forming an arrangement
which may be likened to a garden lattice.
These findings do not need to oppose
the existing system of localization, which
Yel. 5.
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has never been claimed to be broken into
mathematical points. Indeed the exquisiie
work of Hubel and Wiesel 7 on the evoked
activity of individual cells in the visual
cortex demonstrates a functional specializa-
tion of fantastic specificity which some-
what replaces purely topical identity. It

SUM

Most of our current notions of the tha-
lamocortical radiations are derived from
localization of retrograde degeneration in
the thalamus after removal of portions of
cerebral cortex, with the tacit assumption
of unique, uniform, unitary representation
on the cortex of points or columns in the
thalamus. Closer study shows none of these
qualifications is true, and combined with
theoretical objections, the resulting quan-
dary demands the tracing of thalamocortical
radiations after small stereotaxic lesions
within the thalamus. When performed on
Macacus such studies show the following.
1. The somesthetic nucleus sends the main
trunk to motor area 4 and a strong collateral
to postcentral areas 3, 1, 2, successively, but
in orderly, discrete strips. 2. Small loci in
lateralis anterior distribute to entire areas
6 and 8, while lesions in different portions
of that nucleus show great overlap of cor-
tical field. 3. Ventralis posterior inferior

RESU

La mayoria de las actuales nociones acer-
ca de las radiaciones talamocorticales de-
rivan de la localizacion de la degeneracion
talamica retrograda producida por extirpa-
cion de porciones de la corteza cerebral y
estan basadas en la aceptacién tacita de
una representacion unica y uniforme en la
corteza de puntos o columnas en el talamo.

Un estudio mas minucioso demuestra que
estas aseveraciones son erroneas y sumado
esto a objeciones teoricas resulta la nece-
sidad de detectar radiaciones talamocorti-
cales a continuacién de pequenas lesiones
esterctacticas del talamo.

Estos estudios se realizaron en Macacus
y demuestran lo siguiente.

10606,
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would perhaps be productive to think of
the thalamocortical neurons as a feeder sys-
tem into a row of cortical cells of differing
functions because of differences in their
other connections. These cells select what
they can use of the data which is presented
to them, like a diner in a line at a cafeteria.

MARY

seads only to dorsal part of motor area 4.
4. Medialis requires a longer time for its
radiation to degenerate, and sends to pre-
trontal granular cortex only, but not equal-
ly (to 9, 10, 11; but not to 12, 46). 5.
Thalamocortical radiations perforate the
internal capsule, then tend to course tan-
gentially just below the cortex, sending
bundles of collaterals into the gyri they
pass, and shooting off sharply bending
collaterals into overlying cortex, thus fur-
nishing a basis for a linear representation
on the coriex of thalamic points, similar
to the proved distribution of the somes-
thetic nucleus.

Corticothalamic connections are quite
specific but unequal, and mostly repeat
thalamocortical correlations. Regarding
thalamocortical neurons as disseminators,
and cortical neurons as specific selectors
opens the way for a revision of thinking
on their relative roles.

M EN

L. El nucleo somestético envia el haz
principal al area motor 4 y un fuerte co-
lateral a las areas postcentrales 3, 1y 2 su-
cesivamente pero en franjas ordenadas y
distintas. 2. Pequenas localizaciones en el
n. lateralis anterior se difunden a la tora-
lidad de las areas 6 y 8, mientras que lesio-
nes en diferentes porciones de dicho nicleo
evidencian que se superponen en el campo
cortical. 3. El n. ventralis posterior inferior
envia solamente a la parte dorsal del area

4 motora. 4. El medialis exige un tiempo ma-

yor para que degenere su radiacion y abas-
tece solamente la corteza granular prefron-
tal aunque no en forma uniforme (a 9, 10
y 11 pero no a 12, 46). 5.Las radiaciones
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talamocorticales perforan la capsula inter-
na, tienden luego a pasar tangencialmente
debajo de la corteza, enviando colaterales
a los circunvoluciones por las que pasan
y despidiendo colaterales acentuadamente
inclinados hacia la corteza que se encuen-
tra por encima de esa region; asi propor-
ciona una base para la representacion li-
neal de puntos talamicos sobre la corteza
similar a la distribucion comprobada en el

nucleo somestético. Las conexiones cortico-
talamicas son especificas pero desiguales y
maycrmente repiten las correlaciones tala-
mocorticales.

En lo que atane a las neuronas talamo-
corticales como diseminadores, y a las neu-
ronas corticales como selectores especificos
queda abierto el camino para la revision
de lo sostenido sobre la importancia rela-
tiva de estas funciones.

RESUME

La plupart des notions actuelles sur les
radiations thalamo-corticales découle de la
localisation de la dégénération thalamique
rétrograde produite par Iextirpation de
certaines portions de I'écorce cérébrale,
étant basée sur l'acceptation tacite d’une
représentation unique et uniforme de points
ou colonnes dans I'écorce du thalamus.

Une érude plus minutieuse démontre que
ces affirmations sont fausses et en associant
ceci a des objections théoriques on obtient
ccmme résultat le besoin de détecter des
radiations thalamo-corticales aprés de peti-
tes lesions stéreotactiques du thalamus.

Ces études ont été faites sur des Macacus
et démontrent ce qui suit:

L. Le noyau soméstétique envoie la gerbe
principale a 'aire motrice 4 et un puissant
colatéral aux aires postcentrales 3, 1 et 2
successivement mais en franges ordonées et
distinctes. 2. De petites localisations dans le
n. lateralis antérieur se répandent a la to-
talité des aires 6 et 8, tandis que des lésions
sur de différentes portions rendent evident
qu’elles se superposent dans le champ corti-
cal. 3. Le ventralis postérieur inférieur envoie

seulement a la partie dorsale de l'aire mo-
trice 4. 4. Le medialis exige un plus lon-
gue durée pour la dégénération de sa ra-
diation et fournit seulement I'écorce gra-
nulaire prefrontale bien que pas uniforme-
ment (9, 10 et 12 mais pas 12, 46). 5. Les
radiations thalamo-corticales percent la
capsule interne, tendent a passer tangentie-
llement sous I'écorce, en envoyant des co-
latéraux aux circunvolutions qu’elles tra-
versent et en lancant des colatéraux extré-
mement inclinés vers I'écorce qui se trouve
par dessus cette région; de cette facon on
offre une base pour la représentation linéa-
le de points thalamiques sur I'écorce, pa-
reille a la distribution prouvée dans le no-
yau somestétique. Les connexions cortico-
thalamiques sont spécifiques bien qu’iné-
gales et en genéral correspondent a des co-
rrélations thalamocorticales.

En ce qui concerne les neurones thalamo-
corticales comme disséminateurs et les neu-
rones corticales comme sélecteurs spécifi-
ques la voie est laissée ouverte pour une
revision de ce qu'on a soutenu en rapport
avec I'importance relative de ces fonctions.

ZUSAMMENFASSUNG

Die meisten unserer gewoehnlichen
Kenntnisse ueber die thalamo-corticalen
Radiationen haben wir durch die Lokali-
sierung der retrograden Degenerierung im
Thalamus nach der Ablation von Teilen
der Hirnrinde, unter der stillschweigenden
Annahme der einzigen und einheitlichen
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Repraesentation im Cortex von Punkten
oder Saeulen im Thalamus. Ein eingehen-
deres Studium zeigt, dass keine dieser
Qualifizierungen richtig ist, und dass zu-
sammen mit theoretischen Einwendungen,
die resultierenden Zweifel die Sache nach
thalamo-corticalen Strahlungen nach klei-
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nen stereotaxischen Laesionen im Thalamus
erfordern. Wenn dies beim Macacus ges-
chieht, zeigt sich Folgendes:

I. Der Nucleus somoestheticus schickt
die Hauptstraenge nach der Motorzone 4
und einen starken kollateralen Strang nach
der postzentralen Zonen 3, 1 und 2 na-
cheinander und in geordneten diskreten
Buendeln. 2. Kleine loci im nucleus la-
teralis anterior verteilen sich in die ganzen
Zonen 6 und 8, waehrend Laesionen in
verschiedenen Teilen dieses Nucleus groes-
sere Ueberlagerungen 1m corticalen Feld
zeigen, 3. Der Ventralis posterior inferior
schickt nur Strange in den dorsalen Teil der
Motorzonen 4. 4. Der Medialis braucht
mehr Zeit damit seine Strahlung degene-
riert und sendet um zum praefrontalen
granulaeren Cortex aber nicht gleichmaes-
sig (nach 9, 10, 11; aber nicht nach 12,

46). 5. Die Thalamocorticalen Strahlun-
gen durchbohren die capsula interna, dann
verlaufen sie tangentiell gerade unter
dem Cortex und senden Buender in die
Gyri, an denen sie vorbeikommen und
senden scharf abgebeugte Collaterale in die
darueberliegende Rinde. So bilden sie eine
Base fuer eine lineare Darstellung thala-
mischer Punkte im Cortex, achnlich wie
die nachgewiesene Verteilung des Nucleus
somaestheticus.

Die Corticothalamischen Verbindungen
sind spezifisch aber ungleich und wieder
holen gewoehnlich die thalamocorticalen
Beziehungen. Wenn man die thalamocor-
ticalen Neuronen als Verteiler und die
corticalen Neuronen als spezifische Selek-
toren betrachtet, ist der Weg fuer eine
Revision im Denken ueber ihre relativen
Rollen frei.
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The Supplementary Motor Area in Man

(Anatomo-functional findings by stereo-clectroencephalography

in epilepsy)

J. TALAIRACH and J. BANCAUD

(Travail du Service de Neurochirurgie fonctionnelle de

I. INTRODUCTION

Since the Supplementary Motor Area was
clearly shown to exist in man, between
1948 and 1951, by W. Penfield and his co-
workers, in particular Rasmussen, Welch,
Jasper and Kristiansen, few works have
been devoted to the study of this region
especially in epilepsy, because of the dif-
ficulty of its neurosurgical approach.

It is known that the anatomo-functional
organization of the S.M.A. has been pro-
gressively determined by the Montreal
School by means of stimulation in the cour-
se of open operation on 20 patients under
local anaesthesia of the suprezcallosal me-
dian cortex. The responses obtained, from
69 different points, have authorized to si-
tuate it on the inner part of Fl, in front
of the primary motor area, of the foot of
which it would be separated by a narrow
strip destined to speech, in the dominant
hemisphere, above the cingulum but in-
cluding perhaps its upper lip. Its upper
limit would be defined by the median line,
except ahead where it could extend on the
lateral surface of the hemisphere. As to its
ill-defined fore limit, it would not exceed
a line passing perpendicularly through the
rostrum of the corpus callosum.

Despite its functional heterogeneity Pen-
field does not attribute any somatotopic or-
ganization to it.

Consequently, contrary to the opinion
expressed by Foerster in 1936 '" thinking
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I'Hopital Ste. Anne, Paris, Dr. J. Talairach).

to confirm, in man, the role attributed by
the Vogts *% in 1926 to the areas 6aa and
6ap of the external frontal cortex of ma-
cacus, Penfield shows that the postural or
adversive movements elicited by stimula-
tion of the S.M.A. have no relation with
the precentral gyrus and the primary motor
region.

The excisions performed in the iznternal
face, either in the case of tumors or epi-
lepsy, certainly seem to confirm the locali-
zation of this area and make it possible to
specify its functions.

Its projections, however, remain hypo-
thetical; the schema given by Jasper in
1954 to explain the mechanism of the se-
condary bilateral synchrony which charac-
terizes, in a large part, the fits of the su-
pracallosal internal face, indicates only the
secondary participation of the intralami-
nar thalamic nuclei from the S.M.A.

In 1951 Erickson and Woolsey '" find the
same type of responses attributed by Pen-
field to the S.M.A. in three patients.

Bates, * however, in 1953 debates the
meaning of the 49 responses cobtained in
different points of the internal face during
102 stimulations on 9 patients who were
anesthetized and had previously undergone
a hemispherectomy.

His apparently disconcerting results lead
him to think that there is no sufficient ar-
gument to confirm the existence of a
S.M.A. whereas the lower limb supposes
perhaps a double supracallosal cortical re-
— 19646,
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THE SUPPLEMENTARY MOTOR AREA IN MAN

presentation regulating the postural move-
ments, and of which homolateral efferent
tibers are particulary important.

Since then, no general work seems to have
been dedicated to the study of the ana-
tomo-functional organization of this region
in man, apart from the papers we publi-
shed from 1962.

On the other hand, animal experimen-
tation brings us informations of great in-
terest.

Already perceived in 1888 by Horsley
and Schaffer '%, by Beevor and Horsley '’
in 1890, then by Sherrington and his pupils
in 1917 and by Vogts in 1919, the somato-
topic organization of the mesial face of the
frontal lobe of anesthetized macacus is es-
tablished by Penfield and Welch in 1951
on the cercopithecus and in 1952 by Wool-
sey and his co-workers on the macacus.

Of the work of these last authors, reali-
zed from 350 distinct motor points, we
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Fig. 1

snall remember only the small dimensions
of the semiusculus, compared with that of
the Rolandic region, its extension to the
cingulum, the former position of the head,
the median position of the anterior leg and
the posterior position of the posterior leg.

In 1957 Coxe and his co-workers descri-
be a similar localization on the Ateles
which extends, however, ahead of the ex-
ternal face.

In 1958 Showers and Crosby *! confirm
on the macacus Woolsey’s results. Woolsey
and his team find in 1960 a similar or-
ganization on the chimpanzee and the
gibbon.
Yol 5, —

Numhber 3-14, 19665,

However from 1959 to 1964 Hughes pu-
blished several papers on the supracallosal
mesial cortex of the cat and the macacus
rhesus, explored in chronic conditions. But
his conclusions are not identical to those of
previous experiments since two felunculi or
two semiusculi are represented on each in-
ternal face set up in mirror fashion on both
sides of Rolando’s fissure, in apposition at
the level of the posterior legs and the tail.
Furthermore the cephalic extremities are si-
tuated at the level of the polus frontalis
and occipitalis and the cingulum participa-
tes altogether to the representation of the
homolateral movements. Consequently a
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certain number of difficulties subsist in the
definition of the anatomo-functional orga-
nization of the supplementary motor area in
man still more than in the animal. Several
authors still deny its existence, its spatial
limits remain unprecised, its functional dif-
ferentiation is not certain,

As for the projections of the S.M.A. only
a number of limited and sometimes contra-
dictory experimental works have been dedi-
cated to this field.

So it was that in 1956 G. Bertrand, while
making a comparative analysis of the res-
ponses recorded bilaterally at the level of
different segments of lateral spinal cord,
after stimulation of S.M.A. and of the pri-
mary motor area on the macacus, comes to
the conclusion that this portion of the me-
sial face is an integral part of -the pyrami-
dal cortex.

Indeed, as far as this author is concerned,
the S.M.A. would project directly onto the
pyramidal tract and differentiates only
from the primary motor cortex by the im-
portance of its ipsilateral fibers.
~ Yet in 1959 the systematic study of dege-
neration of the efferent fibers after des-
truction of the S.M.A. on the macacus for-
ces de Vito and Smith to come to different
conclusions. The largest projections con-
cern the homolateral area 4, the S.M.A. and
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the area 4 of the contralateral hemisphere
through the corpus callosum. At the level
of the sub-cortical structures the most im-
portant degeneration affects the homolate-
ral capsula interna and the nuclei of the
pons on the same side.

The reticular thalamic formations and
the sub-thalamic structures are little con-
cerned while the striatum and lateral spi-
nal cord are spared. In these conditions it
seems to bz a question of a system of mul-
tisynaptic projections of double polarity;
cortical towards the corresponding primary
motor area, axial towards the nuclear for-
mations of the pons.

But many problems arising from the in-
terpretation of clinical events due to sti-
mulation of the S.M.A. in man, outside the
field of epilepsy, subsist and deserve to
claim attention.

For example, while considering that this
region directs essentially the adjustment of
postural or tonic movements, Penfield con-
fers it a peculiar role in vocal emission.

Vocalization— considered as a different
phenomenon in its determination of arrest
of speech, which would be but a suppres-
sion of oral movement the same as it would
stop a voluntary movement, is excluded
trom the field of speech.

However in his book with Lamars Ro-
berts, he keeps away from this conception
to see in this manner of palilalic expres-
sion only the setting into action of the an-
terior pole of this phasic area, whose pos-

ARRET DE LA PAROLE par st D.
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terior portion would be reserved to the un-
derstanding.

In this way the S.M.A. becomes in fact a
new supplementary area of speech.

The object of this work will therefore
be to define the anatomo-functional orga-
nization of the supplementary motor area
in man.

Il. MATERIAL AND METHODS

Our material consists of 50 patients sub-
mitted to 62 stereo-EEG explorations, in
view of determining the signs and operati-
ve procedure of an eventual surgical the-
rapy of epilepsy.

All the cases having been cases of focal
cortical epilepsies whose etiology, place of
the lesions and seat of origin of the dis-
charges have been established by the clini-
cal, E.E.G. and neuro-radiological examina-
tions, previous to S.E.E.G. investigation and
confirmed generally by surgical operations
and anatomo-pathological findings.

Ten patients only had a S.M.A. epilepsy
but a study of this region was necessary on
the other patients because of its eventual
setting into action in the course of the fits.

Anatomical conditions of the
investigation

1)

The laying down of strict anatomo-elec-
tro-clinical correlations in the field of epi-
lepsies able to be operated has a meaning
only on the basis of strict anatomical loca-
tion and using a stereotactic technique al-
lowing the setting of a large number of
electrodes in the intracranial space.

This precision in the method of rea-
ching the structures, which guarantees the
validity of the informations obtained and
allows the drawing of anatomo-functional
maps, has been defined in previous works
given up, in particular, to the diencephalon
and to various telencephalic formations.

We can only indicate very schematically
here the bases of a new method of location
valid for all cortico-sub-cortical structures
of the anterior brain. In the sagittal plane
Vol 5. BEE S
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the position of the structures is defined by
reference to a system of squaring sup-
ported from front to back on the base-line
CA-CP and from top to bottom on the ver-
ticals which cut it at the level of the two
commissures. Its cardinal limits are ensu-
red by the most extreme endocranian bony
points at the level of the four lobi.

In this way the position of the different
structures is defined by this indirect system
of location by reference to the co-ordinates
of the squaring which depends, in the case
of each brain, on the variable position of
the points of support.

As each rectangle of the squaring, va-
rying in dimensions from one patient to
another, is a small-scale model, proportio-
nal to the large rectangle which embraces
it, one can understand that an error in the
estimation of the variations of a structure
is necessarily limited.

The definition of the structures in the
frontal plane is ensured by an identical
squaring system, whose lateral limits are
ensured by the median line and the extre-
me endocranial portion of the parietal bo-
ne. In the vertical plane their position is
estimated by reference to the squaring sys-
tem placed on the lateral radiography.

In so far as the position of the structu-
res has been defined statistically by a pre-
liminary study of many anatomical serial
sections by reference to the squaring sys-
tem, it becomes possible to report on a
common model the position of an electro-
de introduced into the brain of this or
that patient.

In fact this one model can receive with
its own coordinates all points of impact of
electrodes introduced into the rtotality of
our patients. As a result it is no more a
question of an approximate diagram but
a means of giving an account on one dia-
gram alone, valid for all explorations, of
the variety of concrete informations gather-
ed in each case.

It is a procedure which enables one,
without distorting things, to go from the
particular to the general.

Of course, the direct locating of certain
formation brought to light by fractional
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gazeous encephalography, lipiodol ventri-
culography and angiography, systematically
performed in stereotactic conditions on all
our patients, adds further precision to in-

direct locating.

In this particular case the exploration of
the cortex of the mesial face is made easier
by virtually nearly constant visualization of
the calloso-marginal sulcus and corpus cal- b)
losum, enabling the delimitation of the

cingulum.

2) Electro-clinical conditions of

INTERNATIONAL JOURNAL OF NEUROLOGY

Nevertheless study of the supplementary
motor area and the fits which originate
there or which secondarily affect it, has
compelled us to explore in particular the
internal supracallous face from the occipi-
tal region to the frontal pole, the gyrus
cingulum at the level of its different por-
tions, the corpus callosum at the level of its
lateral emergences, the external frontal-cen-
tral-parietal cortex in particular the areas
4,6 and 8, the orbital face of the frontal
lobe, the amygdala and the basal limbic
system, the corona radiata, the capsula in-
terna, various thalamic nuclei, in particu-
lar VL, the median center, dorsal median,
the anterior nuclei group and the reticular
pole, the putamen, the pallidum and the
nucleus caudatum.

Mostly the investigation of the S.M.A.
was bilateral and required placing on the
same patient, a large number of electrodes
at the level of F1, in order to estimate the
manner in which the discharges were pro-
pagated and the extent of an eventual epi-
leptogenic zone.

Recording and stimulation.

The needles, with multiple contacts, in-
troduced in different planes of the intra-
cranial space, so as to reach in general per-
pendicularly the mesial face, contain from

investigation 5 to 10 electrodes separated by a constant
distance of 1mm,5.
a) S.EE.G. procedure of investigation. The stimulation can be applied conjoint-

ly at recepticn.

It is impossible to make a detailed re-
port of an S.E.E.G. investigation into epi- e

lepsy.

We had occasion to dwell on this else- A ( T,

where,

/
Let us only say that these 62 operations //

were performed either in an operating / //

room during some ten hours, on conscious /

patients, after dissipation of a light anaes-

thesia or in chronic condition during a | \\_\ Y i Y
i\ T ? /]

[
\
~ [
These operations required the placing of \‘-"-—"‘\/ \5\\ / /

fortnight or thereabouts.

a large number of intracranial electrodes ~——t |

(more than 4000) in many cortico-sub-cor- VOCALISATION par st

tical structures, which it is pointless to “lces — 18 st POSITIVES

enumerate,

334 ~

Fig. 4 a

Vel 5. = Number 3-4. — 19686.



TIIE SUPPLEMENTARY MOTOR AREA IN MAN

This recording is made permanently on
an E.E.G. apparatus with 17 channels which
allows to receive simultaneously in bipolar
or monopolar derivation 14 different struc-
tures, at the same time as are recorded the

mes the E.D.G. and the muscular activity
with coaxial or surface electrodes.

The activity is at the same time received
on a cathedic oscillograph. The stimula-
tion is performed in “bipolar” (the distan-
ce interelectrodes: Imm5) using square wa-
ves of single direction whose time duration
and voltage can be made to vary indepen-
dently.

These parameters have been standardized
according to scries in view of obtaining dif-
fercnt electro-clinica! results in order to
test the stimulated region.

Let us simply say that at the level of the
S.ML.A. the single impulses of long duration
(3 ms) and high voltage (up to 15 volts)
have been largely used to estimate blow
after blow the motor results eventually
noted at the setting into action of neigh-
Eouring regions.

This kind of stimulus has alco been used
tc determine efferent pathways by studying
the latence of the evoked potentials re-
corded at different levels.

Nevertheless, as in the case of other
workers, it has proved mostly indispensa-
ble to use train of waves (50 c¢/s) of 1 ms,
of wvariable voltage and time, working
cither on the threshold thus aveiding th~»
appearance of after— discharges or conti-
nuing the stimulation in order to study the
temporal organization of responses.

However we shall come back to this pro-
blem when discussing our results.

c) Observation conditions of the pa-
tient.

Clinical observation of the patient is
always made by two neurologists.

The description of the induced pheno-
mena is dictated onto a tape-recorder and
recpeated on the paper.

The words of the patient, systematically
questioned after each stimulation, are re-
corded and indexed on the E.E.G.

Vol 5,
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The positive responses are mostly repro-
duced under the same parameters and un-
der different parameters in identical and
different experimental conditions. It is in
this way that a disturbance in vocal emis-
sion is tested by asking the patient to
count, to enumerate cbjects, to repeat sen-
tences, to read, to describe an event and
SO on.

Disturbances of motility were estimated
in conditions of muscular relaxation or ten-
sion, in the course cf a spontaneous move-
ment or deliberate action etc.. ..

ill.  RESULTS

We shall now briefly report our results
on the anatomo-functional organization of
the supplementary motor area.

Its way of organization will only be de-
termined from the clinical and electrophy-
siological incidence of central stimulations
brought at the level of the cortical struc-
tures which sustained its functions, and in
their vicinity.

Therefore, in this work, we shall not
speak of the disturbances implicated by its
excision.

a) Topographical delimitations,
1) Investigation conditions.

Its topographical delimitation is based
on puttng on our 50 patients 242 multi-
ple contacts needles representing around
1500 electrodes situated at the level of an
extensive regicn of the two hemispheres.
This region embraces from back to front,
at the level of the external cortex, the an-
terior portion of P1 P2, certain parts of
the primary sensorimotor region, F1 and
F2 to ahead of the area 8, at the level of
the mesial face a part of the area said “sup-
plementary sensory” by Penfield, the para-
central lobule, F1 up to the vicinity of the
pole and a considerable part cf the corona
radiata.

One must take note of the fact that the
investigation of the mesial face is done by
means cf some thousand electrodes consi-

~ 335



INTERNATIONAL JOURNAL OF NEUROLOGY

st, POSITIVES

Fig. 4 b

dering the possibility, in the course of ope-
ration, of introducing the multiple contact
needle, from the external cortex to the me-
dian line. 999 stimulations were done, 874
of which at the level of the mesial face.

The stimulation was performed in 378
cases by using single impulses, in 621 cases
by using repetitive shocks.

The stimulations of the mesial face tou-
ched 766 different points, representing, in
fact, two electrodes separated by Imm5.

The first figure (Fig. 1) shows the po-
sition of these points stimulated at the le-
vel of the internal cortex and reported onto
the grid model of a lateral radiography.

Figure 2 indicates their position in the
vertical-frontal plane. It is to be noted only
that the stimulated points are more nu-
merous at right than at left and that they
cover well a considerable portion of the
first frontal gyrus and the cingulum.

2)  Modalities of responses at the level of
the S.M.A.

Of the 874 stimulations done at the level
of the mesial face only 662 induce clini-
cal responses.

The lack of responses during the 212 sti-
mulations is due to stimuli done by means
of single impulses.

So, of 662 clinical responses, 482 can be
schematically understood, in Penfield’s ter-
minology, as speech arrest, vocalization, a
raising with abduction of the upper limb,
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and a deviation of the head and eyes ob-
tained from more than 300 different points.

Figure 3 shows the position of points
whose stimulation induces a speecnh arrest.

This type of response is obtained 226 ti-
mes on all our patients.

One observes that the distribution of
points is practically identical right and
left.

Finally these responses are obtained as
frequently on the right as on the left.

On the other hand (figure 4) vocali-
zation is only induced on 26 patients, that
is to say only on half of them.

The distribution of points is also the
same on the right and on the left.

Neither does there exist any predomi-
nance of side.

Important fact-stimulation of the same
points can lead to either speech arrest or
vocalization.

As for the tonic raising of the upper
limb (Figure 5) this is obtained 117 times
cn 41 patients.

The distribution of points is, of course,
identical at right and left but it should be
noted that the dispersion is greater than
for speech arrest and vocalization.

Especially if one analyzes the parameters
of stimulation one notices that the most
posterior responses, placed behind the line
VcA, are obtained with a small voltage and
sometimes without concomitant arrest of
speech.
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Finally deviation of the eyes and head is
cbtained (Figure 6) 97 times on most of
our patients, as with raising of the arm.

There again the distribution of the res-
ponses is the same at right and left, but one
notices above all that they extend ahead of
the region in which the motor points of
the upper limb are placed and probably the
one where disturbances of vocal emission
are produced.

Figure 7, which receives, in limited
number, the points whose stimulation in-
duces clinical responses determining, for
Penfield, the essential functions of the
S.M.A., makes it now possible to estimate
its limits at the level of the mesial face. Let
us say, consequently, that it is situated
ahead of the primary motor area of the
foot, that it extends at the level of F1 right
up to the upper lip of the cingulum but
without including it— and that its front-
back dimensions are small (around 5 c¢cm).

The important density of positive res-
ponses over a distance of less than 2 c¢m
immediately ahead of the line VcA makes
—important fact— its stereotactic ap-
proach extremely easy.

The posterior, inferior and anterior li-
mits once determined, its upper limit re-
mains to be defined by examination of the
respenses obtained at the level of the exter-
nal face.

We notice that on the 125 stimulations
done —it is true 63 by single impulses—
99 remain negative at the level of the area
6. The 25 positive responses are due to the
setting in motion of the Rolandic area.

Only once, for a very high voltage, indu-
cing an after-discharge propagated to the
mesial face, does one notice an arrest of
speech.

Thus, if Penfield’s opinion on the role
of area 6 is confirmed, it does not seem
contrary to this author’s hypothesis that the
S.M.A. extends onto the lateral face of the
hemisphere.

Yet our findings are also in disagree-
ment with his on two important problems.

It was not possible for us, in spite of the
great number of stimulations done under
nevertheless different parameters to ascer-
Vol 5
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tain a supplementary area of speech ahead
of the one devoted to the primary motility
of the foot.

Furthermorc the responses obtained at
the level of the mesial face of the parietal
lobe, and which we shall report in detail
in a later work, do not allow us to con-
firm the hypothesis of a supplementary sen-
sory area.

In all the cases, the positive stimulations
set into action the S.M.A., which seems to
us to be the cause of the described manifes-
tations.

Before discussing the eventual somatoto-
pIL organization of the S.M.A. two ques-
tions deserve comment.

Firstly, this region does not seem to par-
ticipate in important sensori-vegetative re-
gulations.

Indeed 16 times only the stimulation in-
duced mydriasis on 15 different patients,
and once a hastening of the heart, although
there is a permanent electro-cardiographi-
cal control.

Particularly the fact that it was impossible
to reproduce these manifestations during a
later stimulation on the same patient,
seems to us an important argument in fa-
vour of relating them rather to a global
emotive reaction aroused by some other
cause.

On the other hand the vegetative dis-
turbances are common if the stimulation of
the S.M.A. induces an ictal discharge pro-
pagated through the cinguium to the limbic
basal structures.

We know, at last, that the problem of
homolateral responses by stimulation of the
S.M.A. has aroused controversy.

Let us say at once that our experience
does not confirm the opinion of Bates.

Indeed the lower limb never undergoes
isolated ipsilateral tonic modification. So-
metimes the motor manifestations involve
both extremities almost simultaneously, but
precession is in favour of the opposite side.

On the other hand three times, raising
the upper limb is homolateral at the time
of stimulation but is very quickly fol-
lowed by an identical movement of the
other arm. The three patients were suffer-
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ing from an epileptogerous lesion of the
S.M.A. Twenty two times on 8 patients,
the eyes were deviated towards the stimu-
lated hemisphere, but on 4 of them this
preceded a tonico-clonic fit. The other four
were afflicted with epilepsy of the S.M.A.

In other words, our results agree with
Penfield’s; if the stimulation is done at
low voltage or if the S.M.A. has a normal
threshold, the results are generally contro-
lateral.

b) “Somatotopic” organization.

The possible somatotopic organization of
the S.M.A. raises a complex problem even
in animals; considerable differences exist
among species, but also among authors.
Outside a primary region the establishment
of a homonculus presents obvious difficul-
ties due firstly to the necessity of using
repetitive stimulations easily propagated in
order to obtain progressively installed com-
plex motor phenomena, but also with the
different threshold demanded by the va-
ried responses. Furthermore, we were
struck by the type of organization of the
S.M.A. This organization is such as two
identical stimulations done at a distance of
Imm5 are capable of giving different res-
ponses. In these conditions the establish-
ment of a somatotopic organization would
demand a particularly dense punctiform in-
vestigation.

Nevertheless we have already noticed
that, in spite of the possible intricacy of
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different responses, there is a density of
homogeneous points which suggests a soma-
totopic organization.

Indeed if the arm tonic responses are the
most posterior, those relating to vocaliza-
tion are situated in the middle portion of
the area, whereas those representing the eye
mMovements are more anterior.

Once again it is a question only of a
greater relative majority of these various
types of responses at different levels, but
this ought to leave a serious doubt as to
the absence of all somatotopic organi-
zation.

Moreover study of the clinical manifes-
tations induced by single impulses at the
level of the S.M.A. raises a special problem.

Indeed cut of 328 stimulations of the su-
pracallosal mesial cortex 116 responses we-
re obtained, 82 of them situated in the sup-
plementary area. 53 times they affected the
face and in particular the tongue, the dia-
phragma oris muscles, the labial commis-
sures and probably the pharyngo-laryngeal
muscles. The arm was affected 17 times es-
pecially at its rhizomelic level, whilst the
hand is never affected. 8 times the respon-
ses concerned simultaneously the face and
arm, 4 times the arm and leg.

These clonic type responses are perhaps
due to the setting into action of fibres be-
longing to the primary motor area, but
their topographical distribution is identi-
cal to those of the complex tonic results

DEVIATION des YEUX paor st
22 cas — 57 s, POSITIVES
Fig. 6 a
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of the S.M.A. affecting the same segments
of the body.

It remains impossible for us to obtain
responses from the lower limb with a view
to revealing a somatotopic organization.

However, if one thinks that its primary
motor delimitation in man covers a small
surface and that the supplementary area of
the foot limited to a narrow strip on the

VOCALISATION

ARRET de la PAROLE
DEVIATION des YEUX

ELEVATION M,SUR

macacus is situated just beneath the former,
the existence of a truncated homonculus is
perhaps explained.

c) Efferent projections.

We shall deal very briefly with the ef-
ferent projections of the S.M.A. which will
be the object of a later work with Buser—
all the the more so since this is a complex
problem on which as yet little light has
been thrown.

Electro-clinical and electro-physiological
studies show however that the S.M.A. pro-
jects onto the homologous contralateral
area, firstly through the corpus callosum
but also towards the extrapyramidal homo-
logous portion of the capsula interna and
not in its motor portion, as shown by figu-
re 8, borrowed from Buser.

We see that stimulation of the S.M.A.
evokes a brief latency potential at the level
of the anterior portion of the posterior arm
of the capsula interna, whereas neither the
motor fibres nor the pallidum are affected.

Besides, the stimulation of this capsular

B = “:}:xl h
// 5 W NN 2
// # :;:. E p/f.
AR 2 - S
/e \ Vs
Wi ' M, 3 __\ 6
AW4 U, \ 7
| RO 4
AN CA-|CP
| % s &0 7)) SR /A L M |
J}K \\\\._ vhﬁ_ ;:/ _ g g ] " [OES l_______.10
" . a . - o | ﬂ_ﬂ 1
i . P S N N O
A B C D F G H I

- Number 3-4. 1966,

~ 339



INTERNATIONAL JOURNAL OF NEUROLOGY

portion evokes a response in the S.M.A.,
stimulus of the pallidum remaining inef-
fective.

The other striated nuclei play a seconda-
ry role in the motor regulations which they
subtend. Their projections towards the tha-
lamic nuclei are secondary with the excep-
tion perhaps of the median centre. Finally,
the cingulum in physiological conditions,
is not implicated in its sub-cortical effe-
rences, and neither is the basal limbic sys-
tem. These statements coincide with de Vi-
to’'s and Smith’s conclusions. But the im-
portant problem of its relations with the
areas G and 4 at the cortical level demands
further investigation. We have seen, how-

ever, that the S.M.A. probably exercises a
direct control on the voluntary motility
even if it belongs, without any doubt, to
a quite different system.

Functional — significance of the

S:M.A.

d)

How can one, in these conditions, envi-
sage the functional significance of the
S.M.A. considered first by Penfield as play-
ing an essential part in controlling postu-
ral movements and then, in fact, as a qua-
ternary area of speech?

A likely methodological remark is called
fer; if in order to determine its cortical li-
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mits we isolated various clinical manifes-
tations induced by stimulation, it would be
naive to believe that they show the mecha-
nism of its normal functioning. Furthermo-
re the simple statistical analysis of the re-
sults, based on the stimulation parameters,
is sufficient to convince us of this. Indeed,
even if these responses have a different to-
pography, their identical threshold of at-
tainment for a same phenomenon varies
considerably from one method to another.

This is why a very low voltage is requi-
red for arrest of speech, whereas the rais-
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ing of the upper limb, apart from all pro-
pagated post— discharge demands a much
higher voltage or a current of longer du-
ration.

This difference of threshold of respon-
ses, which bears witness no doubt to the va-
riable modalities of recruitment, explains
their temporal intricacy when prolonged
stimulation is applied to the same point.
One understands, in these conditions, why
speech arrest precedes progressive raising of
the contralateral upper limb whilst devia-
tion of the head and eyes is but beginning.

Val. — Number 3-4. 1066,
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In this way a complex postural move-
ment is induced, which can moreover se-
condarily affect the lower limb.

This manner of regulation of the tonic
motility cannot but remind one of that
which the primary area exercises over the
skeletal musculature, although it is sub-
tended by a completely different system
and involves a completely different corti-
cal organization.

Speech arrest and vocalization seem to
constitute an astonishing enclave in this
homogeneous whole. We shall see, how-
ever, that this is not the case and that these
two closely linked phenomena are but two
modalities of faulty motor functioning at
the level of the vocal apparatus.

Firstly, we should notice that abrupt
arrest of speech may be preceded by a pro-
gressive locking of the speech if a low vol-
tage is used. Better still, if the stimulations
are applied singly, they will determine the
rhythm of counting. Under a higher fre-
quency, for example 3 ¢/s, speech is lite-
rally cut up in rhythm to the stimulations.
One notices then, and the EEM.G. recording
confirms it, that parasitism is due to often
bilateral clonic movements of the buccal-
pharyngo-laryngeal apparatus. At 50 ¢/s its
fragmentary jerks are knit together and te-

SUMMARY AND

l. — Since the time the supplementary
motor area was clearly shown to exist in
man by W. Penfield and his school (1948
to 1951) few works have been devoted to
the study of this region, particularly in
epilepsy, due mainly to the difficulty of
its surgical approach.

By means of an original technique of
anatomic stereotactic locating of the corti-
cal and sub-cortical formations, which made
it possible to reach accurately the structu-
res of the supracallosal mesial face, the au-
thors intend to tackle the problem of the
functional organization of the S.M.A,, in
order to get a better idea of the electro-
1060,
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tanization of the vocal muscles prevents
verbal utterance.

Such facts, of course, do not mean that
the organization of the S.M.A. is identical
tc that of the somatomotory area. The me-
chanisms which control the elaboration of
these jerks have yet to be defined.

Moreover, we have already noticed that
vocalizaticn was obtained from points iden-
tical to those whose stimulation induces
speech arrest but a higher voltage is re-
quired.

In these conditions it seems to us impos-
sible to dissociate it from speech arrest. We
think that it simply represents another mo-
dality of motor disturbance of the vocal ap-
paratus, contrary to the opiniocn of Ala-
jouanine and his co-workers. Moreover its
exclusion from the domain of the spoken
word is indispensable in so far as the pa-
lilalia is also found in different macaci, and
that it is possible depending on the stimu-
lation parameters to impose on man a
rhythm ring and pitch which are in rela-
tion ‘o the tension placed on the buccal-
pharyngo-laryngeal muscles.

If one adds to these facts the impossibi-
lity of discovering the speech area 4 des-
cribed by Penfield, we see that the S.M.A.
is completely devoted to the organization
and centrol of postural movements and of
tonic motility.

CONCLUSIONS

clinical modalities of the epileptic fits
which originate there.

Their material consists of 50 patients who
undergo 62 stereo-electroencephalographi-
cal investigations in order to determine the
signs and operative modalities of an even-
tual surgical therapy.

The explorations required placing a lar-
ge number of intracranial electrodes (more
than 4000) either in acute or chronic con-
dition on conscious patients.

Some 1000 stimulations, under different
parameters, were done at the level of the
internal and external cortex of the frontal
region, from 766 different points.
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II. The anatomo-functional organi-
zation of the S.M.A. may be defined as
follows:

1) The limits of this region have been
defined as corresponding to a small area of
the internal cortex of F1, ahead of the foot
primary motor area, above the gyrus cingu-
lum and not overlapping onto the external
face at the level of area 6. Most of the res-
ponses are obtained from a reduced area
situated in from of the VCA perpendicular
at the bi-commissural base-line.

2) Contrary to Penfield’s opinion, the
S.M.A. is not separated from area 4 by a
strip of cortex which can play the part of
integrating the speech at the level of the
dominant hemisphere.

3) It is probable that the S.M.A. ad-
mits a somatotopic organization: the fa
ce is situated ahead of the upper limb; yet
the responses at the level of the foot are
difficult to prove, probably for technical
reasons. :

4) The various manifestations obtained
at the threshold by electric stimulus are due
to an intra-cortical differentiation and with
the setting into action of the efferent path-
ways, composing a system completely diffe-
rent from that of area 4.

5) Electro-clinical and electro-physio-
logical studies show that the S.M.A. pro-

RESUMEN Y

I. Desde el momento en que fue de-
mostrada la existencia de un area motora
suplementaria en el hombre por W. Pen-
tield y su escuela (1948 a 1951) pocos tra-
bajos han sido dedicados al estudio de esta
region, particularmente en la epilepsia, de-
bido a las dificultades de su aproximacion
quirurgica.

Mediante una original técnica de locali-
zacion estereotaxica de las formaciones cor-
ticales y subcorticales, que hizo posible lle-
gar en forma adecuada a las estructuras de
la cara interna supracallosa, los autores in-
tentan abordar el problema de la organiza-
cion funcional del A.M.S., a fin de lograr
un mejor conocimiento de las particulari-
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jects onto the homologous contralateral area
first through corpus callosum and also to
the brain stem through the extrapyrami-
dal portion of capsula interna. On the other
hand S.M.A. has no close relations with area
6 at the level of the external face.

The striated nuciei, in peculiar putamen
and pallidum, play a secondary part in mo-
tor adjustments which the S.M.A. subtends.

Its projections towards the thalamic nu-
clei are not very important. Finally, in phy-
siological conditions, the gyrus cingulum
is not involved in its sub-cortical effe-
rences.

6) From the clinical point of view the
role of S.M.A. seems to us to be limited to
the adjustment of tonic movements, the
trunk, neck, shoulder, upper limb, head and
eyes and bucco-pharyngeal musculature. In
these conditions the arrest of speech and
paroxystical palilalia, which in our opi-
nion are of identical nature, are but the
expressicn of a tonic modification of varia-
ble intensity of the vocal apparatus and
seem to us to be the equivalent of a “vocal
grasping’’.

If the postural manifestations contralate-
ral to stimulus are predominant, the homo-
lateral efferent tract has a much greater
capsular representation than the one be-
longing to the pyramidal tract.

CONCLUSIONES

dades electro-clinicas de las crisis epilépti-
cas que alli se originan.

Para el presente estudio se han explorado
50 pacientes sometidos a 62 investigaciones
estéreo-electroencefalograficas con el fin de
determinar signos y particularidades opera-
torias de un posible tratamiento quirar-
gico.

Las exploraciones hicieron necesaria la
colocacion de gran cantidad de electrodos
(mas de 4000) tanto en casos agudos como
cronicos de pacientes concientes.

Fueron efectuadas alrededor de 1000 esti-
mulaciones a diferentes parametros, a nivel
de la corteza interna y externa de la region
frontal desde 766 puntos diferentes.

1066,

Vol, 5. —-

Number 3.4, —



THE SUPPLEMENTARY MOTOR AREA IN MAN

Il. La organizacion anatomo-funcional
del A.M.S. puede definirse de la siguiente
manerd:

1) Los limites de esta region fueron de-
tinidos como un area pequena de la corteza
interna de F1 delante del darea motora pri-
maria del pie, por encima del giro cingu-
lado y no volcada hacia la cara externa a
nivel del area 6. La mayoria de las respues-
tas se obtienen desde un drea reducida si-
tuada delante de ACV dispuesta perpendi-
cularmente a la linea de base bicomisural.

2) Contrariamente a la opinién de Pen-
field, el A.M.S. no esta separada del area 4
por una banda cortical que puede desem-
penar la funcién de integrar el habla a ni-
vel del hemisferio dominante.

3) Es probable que ei A.M.S. admita
una organizacion somatotopica: la cara es-
ta situada delante del miembro superior;
sin embargo las respuestas a nivel del pie
son dificiles de obtener, probablemente por
razones técnicas. .

4) Las diversas manifestaciones obteni-
das en el umbral por estimulacién eléctrica
se deben a una diferenciacién intracortical
y con la puesta en accion de las vias efe-
rentes componiendo un sistema completa-
mente distinto al del area 4.

5) Los estudios electroclinicos y elec-
trofisioclégicos demuestran que el A.M.S. se
proyecta contra el area contralateral homo-

RESUME ET

1. Depuis le moment ou W. Penfield et
son école demontrerent l'existence d’une
aire motrice dans 'homme (1948 a 1951)
peu de travaux ont été consacrés a 1'étude
de cette région, particulierement dans des
cas d’épilepsie, a cause des difficultés
qu'implique leur approche chirurgique.

Par moyen d’une originale technique de
localisation stéréotaxique des formations
corticales et sous-corticales, qui a permis
d’'atteindre convenablement la face interne
supracallosum, les auteurs essayent d’abor-
der le probleme de lorganisation de
I’A.M.S., afin d’obtenir des connaissances
plus précises sur les particularités electro-

’
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loga primero a través del cuerpo calloso y
también contra el tronco cerebral a través
de la porcion extrapiramidal de la capsula
interna. Por otro lado la A.M.S. no tiene
una relacion estrecha con el area 6 a nivel
de la cara externa.

Los nucleos estriados, el putamen y el
pallidum, desempefian un papel secundario
en los ajustes motores que conciernen al
A.M.S.

Sus proyecciones hacia los ntcleos talé-
micos son poco importantes. Por Gltimo, en
condiciones fisiologicas, el giro cingulado
no esta involucrado en sus eferencias sub-
corticales,

6) Desde el punto de vista clinico el
papel desempefiado por la A.M.S. nos pa-
rece estar limitado al ajuste de movimien-
tos tonicos de la musculatura del tronco,
cuello, miembro superior, cabeza, ojos, bo-
ca y faringe. En estas condiciones la desa-
paricién del lenguaje y la palilalia paro-
xistica, que en nuestra opinién son de na-
turaleza idéntica, no son sino la expresién
de una modificacién ténica de intensidad
variable del aparato vocal y nos parecen
equivalentes a un “grasping” vocal.

Si predominan las manifestaciones pos-
turales del lado opuesto al estimulado, las
vias homolaterales tienen una representa-
cién capsular mucho mayor que la corres-
pondiente a las vias piramidales.

CONCLUSIONS

cliniques des crises ¢pileptiques qui com-
mencent dans cette région.

Pour cette étude on a examiné 50 pa-
tients soumis a 062 investigations stéréo-
electroencéphalographiques afin de déter-
miner des signes et des particularités opéra-
tives d’'un possible traitement chirurgique.

Les explorations ont demandé le place-
ment d'une grande quantité¢ d’électrodes
(plus de 4000) aussi bien dans des cas
aigus que dans des cas croniques de pa-
tients conscients.

On a fait prés de 1000 stimulations a des
parametres différents, au niveau de I'écorce
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interne et interne de la région frontale pro-
venant de 766 points différents.

II. L'organisation anatomo-fonction-
nelle de 'A.M.S. peut étre définie de la fa-
con suivante:

1) Les limites de cette région on été
dérinis comme une petite aire de I'écorce
interne de F1 devant I'aire motrice primai-
re du pied, par dessus le gyrus cingulé et
nion penchée sur la face externe au niveau
de l'aire 6. La plupart des réponses sont
obtenues d’une aire réduite située devant
ACV et disposée perpendiculairement a la
ligne de base bicommissurale.

2) Contrairement a l'opinion de Pen-
field, 'A.M.S. n'est pas séparé de l'aire 4
par une bande corticale qui peut avior la
fonction d’integrer le langage au niveau de
I’hémisphere dominant.

3) Il est probable que I’A.M.S. admette
une organisation somatoiopique: la figu-
re est située devant le membre supérieur;
cependant les réponses au niveau du pied
sont difficiles a obtenir; ceci est du proba-
blement a des raisons techniques.

4) Les différentes manifestations obte-
nues par stimulation electrique dans le seuil
sont dues a une differentiation intracorti-
cale avec la mise en marche des voies effe-
rentes composant un systéme totalement
différent de celui de l'aire 4.

5) Les études electrocliniques et elec-
trophysiologiques démontrent que I’A.M.S.

ZUSAMME

1. Seitdem Penfield und seine Schule
eindeutig demonstriert haben, dass es ein
supplementaeres motorisches Feld gibt
(1947-1951), haben sich wenige Arbeiten
mit dem Studium dieser Region beschaef-
tigt, besonders bei der Epilepsie, und dies
hauptsaechlich wegen der Schwierigkeit ei-
ner chirurgischen Annaeherung.

Mittels einer originellen Technik anato-
mischer stereotaktischer Lokalisation der
kortikalen und subkortikalen Formationen,
welche es moeglich machte genau an die
Strukturen der supracalloesen medialen Sei-
te zu gelangen, beabsichtigen die Autoren
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se projette contre l'aire contralatérale ho-
mologue, d’abord a travers le corpus callo-
sum, et aussi contre le tronc cérébral a tra-
vers la pertion extrapyramidale de la cap-
sule interne. D’autre part 'A.M.S. ne garde
pas une relation étroite avec 'aire 6 au ni-
veau de la face externe.

Les ncyaux striés, le putamen et le pa-
llidum jeuent un role secondaire dans les
ajustements moteurs et sont en relation
avec le A.M.S.

Ses projections vers les noyaux thalami-
gues sont nzu importantes. Finalement,
dans des corditicns physiologiques le gyrus
cingulé n’est pas impliqué dans ses effe-
rences sous-corticales,

6) Du pecint de vue clinique le role
joué par 'A.M.S. nous semble étre limité
a l'ajustement de mouvements toniques de
la musculature du tronc, du cou, du mem-
bre supérieur, de la téte, des yeux, de la
bouche et du pharynx. Dans ces conditions
la disparition du langage <t la palilalie pa-
tCcxystique, qui a notre avis sont de nature
identique, ne sont que l'expression d’une
modification tonique d’intensité variable de
'appareil vocal et nous semblent equiva-
lents a un “grasping” vocal.

Si ces manifestations posturales domi-
nent du coté opposé au cote stimulé les
voies homolartérales ont une représentation
capsulaire beaucoup plus large que celle qui
correspond aux voies pvramidales.

NFASSUNG

des Problems der funktionellen Organisa-
tion des S.M.A. Herr zu werden, um einen
besseren Einblick in die elektroklinischen
Modalitaeten der epileptischen Anfaelle,
die dort entstehen, zu gewinnen.

Ihr Material besteht aus 50 Patienten, die
62 stereo-elektroencephalografischen Un-
tersuchungen unterzogen worden waren,
um die Zeichen und die operatorischen Mo-
dalitaeten bei einer spaeteren chirurgischen
Therapie festzustellen.

Die Exploration bestand darin, eine gros-
se Anzahl (mehr als viertausend) intrakra-
nielle Elektroden bei akuten oder chroni-
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schen Erkrankungen der bei Bewusstsein
befindenden Patienten anzulengen. Etwa
1600  Stimulierungen, bei verschiedenen
Parametern wurden an der inneren und
aeusseren Rinde der Frontalregion von 760
verschiedenen Punkten aus ausgefuchrt,

Il — Die anatomisch funktionelle Orga-
nisation des S.MLA. sei in folgender Weise
definiert:

1) Die Grenzen dieser Region entspre-
chen einer kleinen Zone der inneren Rinde
von F1, vor dem Fuss der primitiven mo-
torischen Zone, ueber dem Gyrus cingu-
lum, wobei sie nicht die aeussere Seite teil-
weise ueberdeckt auf der Hoehe ven Feld 6.
Die meisten Reaktionen erhaelt man von
einer kleinen Zone gegenueber der VCA
und senkrecht zur bikemmissuralen Basal-
linie.

2) Im Gegensatz zu Penfield's Mei-
nung, ist die suplementaere motorische Zo-
ne nicht vom Feld 4 durch eine Rindenlinie
abgeteilt, die die Rolle einer Integrierung
der Sprache in der praedominierenden He-
misphaere spielen kann.

3) Es ist wahrscheinlich, dass die su-
plementaere motorische Zone eine soma-
totopische Organisation zulaesst; Das Ge-
sicht liegt vor der oberen Gliedmasse; je-
doch die Reaktionen in der Gegend dzs Fus-
ses sind schwer nachzuweisen, wahrschein-
lich aus technischen Gruenden.

4) Die verschiedenen Manifestationen,
die man an der Schwelle durch elektrische
Reizung erbalten hat, sind durch eine intra-
kertikale  differenzierung  bedingt  wnd
durch das in Akrivitaet setzen der efferen-
ten Pfeiden stellen sie ein System dar, das
vollkemmen verschieden von Teld 4 ist.

5) Elektroklinische und elektrophysio-
logische Studien haben gezeigt, dass die su-
plementaere motorische Zone Wege nach
der homologen kontralateralen Zone zuerst
durch das Corpus Callosum und dann auch
nach den Hirnstamm durch die extrapira-
midale Portion der Capsula interna aussen-
det. Andererseits hat die motorische Zone
keine engen Bezichungen mit dem Feld 6
in der Gegend der aeusseren Seite. Die Ker-
ne des Nucleus striatus, besonders Putamen
und Pallidum, spielen eine sekundaere Rol-
ic bei den motorischen Korrektionen die
das S.M.A. unterhaelt.

IThre Projektion nach den Thalamus-Ker-
nen sind nicht sehr wichtig. Schliesslich,
unter physiologischen Bedingungen, ist der
Cryrus cingulum nicht an den subkortikalen
Efferenzen beteiligt.

6) Vom klinischen Standpunkt aus
scheint uns die Rolle der suplementaeren
motorischen Zone darauf beschraenkt zu
sein, die tonischen Bewegungen von
Rumpf, Hals, Schultern, oberen Gliedmas-
sen, Kopf und Auge und die bucco-pharyn-
geale Muskulatur fein abzustimmen. Unter
diesen Bedingungen sind die Stockung der
Sprache und die paroxistische palilalie,
welche unserer Meinung nach identischer
Natur sind, nur der Ausdruck einer toni-
schen Modifizierung verschiedener Intensi-
ract, des vokalen Apparates und scheint
fuer uns das Equivalent eines “vokal-hal-
tens” zu sein. Wenn die Haltungsmanifes-
taticnen Kontralateral zum Reiz vorherr-
schend sind, hat der homolaterale efferente
Trakt eine groessere kapsulaere Repraesen-
tation als diejenige die zum Pyramidaltrakt

1
roS = MAa -
QOB
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Analysis of Sodium Amytal Effects on
Frontal Lobe-Subcortical Interrelations

ROBERT G. HEATH, M.D., D.M. Sc. and GARY C. GALBRAITH, Ph. D.

Recent neurophysiologic technics, made
possible by advances in recording and
computing devices, complement long-es-
tablished anatomic and physiologic methods
for study of the brain. In the present in-
vestigation several of these technics were
applied to the problem of functional rela-
tionships between the prefrontal lobes and
other regions of the brain during flucruat-
ing behavioral states. Changes in behavior
were obtained with administration of so-
dium amytal. Because our study included
human patients as well as rhesus monkeys,
we were able to obtain subjective reports
of patients to complement physiologic ob-
servations and gross changes in behavior.

Electrical activity was recorded from the
frontal lobes and overlying scalp, as well
as from several subcortical regions. By com-
puter analysis we determined (a) averaged
evoked potentials elicited by peripheral-
sensory stimuli, as well as single pulse
electrical stimulation to subcortical regions,
and (b) interrelations of brain regions
computed from ongoing EEG activity by
cross-spectral analysis technics. By means
of these procedures we sought to gain
more information regarding the relation-
ship between behavior and frontal lobe
function.

METHOD AND PROCEDURE
Electrodes

Two Macaca rhesus monkeys and 2
patients, in whom electrodes had been im-
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planted for diagnosis and treatment, par-
ticipated in the study. Electrodes were
implanted stereotaxically into precise sub-
cortical regions of the brain, and cortical
electrodes were placed under the dura and
over the arachnoid *. Electrode bundles
were constructed of teflon-insulated stain-
less steel strands, 0.002 in. in diameter,
with contact points 2 mm. apart '". Cortical
electrodes were in bundles of three, and
subcortical in bundles of 3 to 6, depending
on the site of implantation. Patient No. B-
12, a man with chronic catatonic schizo-
phrenic reaction, and with a history of
epileptic seizures, had 111 leads® implanted
18 months before the study began. Patient
INo. B-16, a man with temporal lobe epi-
lepsy, had 100 leads™* implanted 12 months
before the study. Two rhesus monkeys
were also implanted using pneumoencepha-

* Patient N¢ B-12, — Electrode Place-
ments: bilateral at several positions in the
temporal cortex, occipital cortex, frontal

cortex, parietal cortex, centromedian thala-
mus, hippocampus, hypothalamus, and septal
region; unilateral in the right amygdalcid
nucleus and left caudate nucleus.

*#*  Patient N’ B-16. — E'ectrode place-
ments: bilateral in the occipital cortex,
antericr and posterior superior (auditory)
temporal cortex, parietal cortex, septal re-
gion, hypothalamus, hippocampus, caudate
nucleus, amygdaloid nucleus; unilateral in
the right frontal cortex, right mesencephalic
reticu'ar formation, right globus pallidus,
right medial geniculate, left centromedian
thalamus, and left posteroventral lateral
thalamus,

1966,
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lography and x-ray verification of stereo-
taxic electrode placements.

Drug administration and stimulation

Each patient received 500 mg. sodium
amytal, diluted to 10 ml. with distilled
water and injected intravenously at the
rate of 1.0 ml. every 20 sec. except for a
2 minute pause after 1, 5, and 10 ml. These

Ant. Hypothal.

h

I
L PR A A 0
Preinjection Ji " A JM‘.'\‘-’N‘ WA
Bascline %\lV

l
| f\“ AV e,

Lw’w‘wm

250 mg.

Injection

30 Min. Post
Injection

50 Min. Post

Med. Hypothal.

periods permitted the recording of EEG
during sensory stimulation, which consisted
of a brief flash of light (Grass PS-2 set
at intensity 16) followed 500 msec. later
by a loud click about 120 dB) ***. The flash-
click sequence was repeated 100 times at
a rate close to once per second. The patients
reclined on a bed partly within a glass-
lined enclosure that diffused the light flash.
They were instructed to pay attention at
all times to light and sound.

Centromedian

"\M.. M/\jﬁ{*\j‘m ;\J“'Ww\f P

N |
WA i
— J“.f\amww Mw O
J}[jﬁ\ "y r—www' v\
W i A | / MWJ“’W\N

Injection
.|I L\-'
80 Min. Post JK AN AN W}JA‘\M’\ .JV.\JMW
Injection /
Flash Click
10 u¥ L l_
Fig. 1. — Averaged visual and auditory evoked responses (bipolar)

recorded from anterior hypothalamus and certromedian nucleus in
Patient No. B-16. Responses are ~hown before, during, and after

500 mg. sodium amytal.

Calibrations are 10 uV.

and 200 msec.

Averages based on N of 100,

Single pulse electrical stimulation was
given immediately before and after drug
administration. Biphasic pulses were deli-
vered through stimulus isolation units at
a rate of once per sec. Positive and negative
components of the pulse were each 0.3
msec. with no intervening delay.

The monkeys received 25 mg. sodium
amytal diluted to 10 ml. and injected in-
Vol 5. —

Number Sed, — 1966,

)
cm-,

travenously in a manner identical with the
human patients. Recording and stimulating
procedures were also identical except that
the monkeys were seated in Foringer chairs
within the glass-lined enclosure.

*#%  dB measure relative to 0.002 dynes/
Allison Labs. Audiometer Calibration
Unit, Model 300.
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Recording and computer analysis of data

EEG signals were amplified with capa-
citance coupled equipment (Grass Model
6) set 2dB down at 1 and 70 cps. These
signals were permanently recorded on fre-
quency modulated magnetic tape (fre-
quency response 0-312 cps). Information
stored on analog tapes was then processed
by two methods.

(a) Evoked responses to both sensory
and electrical stimulation were computed
on an offline digital summation computer

RETICULAR FORM

L MEDIAL HYPOTHAL

(Nuclear Data Enhancetron). Responses
were read out onto an X-Y plotter for
subsequent compariscns.

(b) Analysis of ongoing EEG activity
was performed on an IBM 7094 computer
using a modified version of an available
time series analysis program . The pro-
gram provided both autospectral and cross-
spectral analysis of the EEG. Digital data
tapes, which served as input to the com-
puter, were generated by means of an
analog-to-digital converter in the Tulane
Biomedical Computing System.
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Fig. 2. —Averaged visual and auditory evoked responses (bipolar)
recorded from reticular formation, left medial hypothalamus, left
centromedian nucleus, and right amygdala in Patient Ne. B-12. Res-
ponges are shown before, during, and after 500 mg. sodium amytal.
Calibrations are 10 uwV, and 250 msec., except for the reticular for-
mation which is 50 uV. Averages based on N of 100.

RESULTS
Eveked potential analysis

Figure 1 demonstrates the effects of so-
dium amytal on flash and click responses
evoked from subcortical regions from Pa-
tient No. B-16. A pronounced visual evoked
response (VER) is seen in the anterior hy-
pethalamus which remains stable through-
out the experiment. The onset latency of

350 ~

this response is 30 msec. Since a 30 msec.
lutency is also recorded at the visual cortex,
it seems unlikely that this response depends
upon corticofugal projections but suggests
instead a more direct pathway. Fibers from
the optic tract to the hypothalamus have
been described in man by some observers
and questioned by others . Both visual and
auditory evoked responses (AER) are seen
in medial hypothalamus and centromedian
thalamus. These two regions show a similar

Vol. 5.
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amytal effect consisting of a depressed VER
and a potentiation of the slow secondary
components of the AER. This similarity of
response pattern between medial hypotha-
lamus and centromedian thalamus suggests
a degree of functional equivalence in their
response to amytal. The contrasting stable
anterior hypothalamic VER, however, sug-
gests that amyrtal exerts differential effects

« Amy (Dorsal)

Preinjection
Bascline

500 mg.

Preinjection
Baseline

500 mg.

. Amy (Ventral) L. Ant,

on subcortical nuclei. Moreover, the varied
effects on VER and AER components sug-
gest that amytal may differentially affect
the various sensory systems.

Very similar results were obtained from
Patient No. B-12 (fig. 2). Again, the VER
in medial hypothalamus and centromedian
thalamus decreased (with some recovery
later) and secondary AER components

Sept.

WWM‘

3\lvl

100 msee

R. Retic. R. Hypothal.

AWV afa gy M

Fig. 3. — Averaged evoked responses in right frontal cortex during
electrical pulse stimulation of subcortical regions before and after
500 mg. sodium amytal in Patient No. B-16. Averages based on
N of 100. - Top: Depressed cortical response after amytal to stimu-
lation of right amygdala (both dorsal and ventral electrode place-
ments) and left anterior septum. All calibrations are 5 uV. and
100 msec. - Borrom: Facilitated cortical response after amytal to
stimulafion of right hippocampus, right reticular formation, and
right hypothalamus. Calibrations are 5 uV. and 100 msec., except
for 10 uwV. calibration for right hypothalamus.

were potentiated. This general pattern was
also reproduced in the amygdaloid nucleus.
In contrast, however, the mesencephalic
reticular formation response was relatively
stable to both flash and click, as it was
in the anterior hypothalamus of Patient
No. B-16. There is seen in the reticular
Vol 5.

Number 3-4, 1466,

formation a reduction of the primary AER,
and a potentiation of the slow secondary
AER, but these effects are minimal com-
pared with the changes seen in other sub-
cortical areas. The latency of onset in the
reticular formation to flash (28 msec.)
and click (16 msec.) suggests a discharge
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over direct collateral pathways. This is
also the case in centromedian thalamus
where the onset latency to flash is 32 msec.
(best seen in baseline response), and the
onset latency to click is 25 msec.

The use of placebo control, with the
subject expecting to receive amytal, has
demonstrated that the observed changes in
evoked responses are not due to a simple
habituation effect over time. Using iden-
tical procedures of injection, but substitut-
ing normal saline for amytal, evoked res-

ponses were found to be stable over long
periods of time. Moreover, we were able
to reproduce the amytal effect in the same
patient on different occasions. This effect
was shown to be drug-specific since the use
of other pharmacologic agents, including
sodium phenobarbital, amphetamine, alco-
hol (I.V.), and chloralose, did not result
in the response patterns described above.
Figure 3 shows the effect of sodium
amytal on responses elicited in frontal cor-
tex during one/sec. single pulse electrical
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Fig. 4. — Averaged evoked responses recorded in frontal cortex and

scalp during electrical pul-e stimulatior of right septum (top), left
centromedian (middle), and left reticular formation (bottom) in
the monkey. Pairs of responses are shown before and after 25 mg.
sodium amytal. All scalp calibrations are 5 uV. and 200 msec., while
the voltage calibration for all cortical responses is 10 wV.
Averages based on N of 100.

stimulation of various subcortical regions
of Patient No. B-16 before and after
administration of the drug. Although the
pattern of response varied from region to
region, effects of the drug are clearly
demonstrated. Amytal suppressed frontal
lobe responses to stimulation of dorsal and
ventral amygdaloid nucleus, as well as to
stimulation of the anterior septal regicn
(upper half of Fig. 3). On the other hand,
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there was a facilitation of response to
stimulation of the hippocampus, mesence-
phalic reticular formation, and hypothala-
mus (lower half of Fig. 3).

Figure 4 presents results obtained from
similar experiments conducted in monkeys.
Both scalp and cortical recordings are
shown. Amytal profoundly depressed the
right frontal cortex response to stimula-
tion of the right septum. The relatively

veol. 5. 1066,
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small cortical response on the left side
suggests a predominantly ipsilateral projec-
tion from the septum. Amytal also depres-
sed the frontal cortex response to left cen-
tromedian stimulation. This response ap-
pears bilaterally in both scalp and cortex,
although the contralateral response is lar-
ger. The bilateral response to mesence-
phalic reticular formation stimulation was
depressed, but the effect was minimal by
comparison with the depression of the res-
ponse to stimulation of septum and centro-
median thalamus. This is in contrast to
the facilitation seen in man during reti-
cular formation stimulation (Fig. 3).

Cross-spectral computer analysis

In evoked potential studies a diminished
response following drug administration
may be defined as “functional uncoupling”
between the frontal cortex and site of
stimulation. On the other hand, facilitated
responses imply increased functional coupl-
ing. Additional technics are now available
which give added information concerring
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the functional relaticns among regions of
the brain. The use of cross-spectral time
series analysis permits the determination
of activity in one region of the brain
which is shared by a different brain region.
When such shared activity is found, the
regions may be described as functionally
coupled. Using the coherence function ',
which quantifies the degree of shared ac-
tivity computed at many EEG frequencies,
we were able to determine the effect of
amytal on functicnal brain couplings in
both patients. By evaluating changes in the
magnitude of coherence both before and
after amytal, it was possible to assess drug
effects. A reduced coherence functicn after
administration of amytal would imply that
the drug has acted to decrease coupling
at that specific EEG frequency, while an
increased coherence value would imply in-
creased coupling. Figure 5 presents a sum-
mary of these results in block diagram form.
Only predominant effects of increased or
decreased coupling are shown. These com-
puted results are based on different record-
ing sessions than the evoked potential data
and, hence, recording sites are sometimes

Fig. 5. — Block diagram of
cross-spectral coherence analysis
showing changes in “coupling
functions™ as a result of codium
amytal in Patients No. B-12 (A)
and No. B-16 (B and C). Broken
lines represent reduced coupling
following the drug (magnitude
! of coherence reduced), while
double solid lines represent in-
creased coupling (magnitude of
coherence increased).

R Oceipital
Cortex
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ditferent from those previously described.
The broken lines represent a decrease in
coupling after use of amytal, whereas the
double solid line represents an increase in
coupling. Note in Fig. 5A that the frontal
cortex became uncoupled from the medial
hypothalamus and amygdaloid nucleus,
both structures within the limbic system.
The uncoupling of frontal cortex and
amygdaloid nucleus corroborates the evoked
potential data obtained from the patients.
Note also in Fig. 5A a general pattern
of increased coupling within the limbic
system which appears to become uncoupled
from both frontal cortex and centromedian
thalamus. In Fig. 5C the uncoupling of
septal region from the frontal cortex also
agrees with the evoked potential data for
both patients and monkeys. Moreover, this
figure demonstrates that the posterior sep-
tum has become uncoupled from at least
three cortical regions. Since the septum
may be considered as representing a dif-
fuse anterior diencephalic system, these
results are in some respects qualitatively
similar to the results seen in Fig. 5A in-
volving certromedian thalamus. In contrast,
amytal increased coupling between the spe-
cific relay thalamus and the cortex (Fig.
5B). This is evidenced by the increased
coupling between medial geniculate and
contralateral temporal cortex. Increased
coupling is also evidenced between medial
geniculate and ipsilateral hippocampus and
pallidum.

DISCUSSION

Published reports clearly demonstrate
that evoked potentials are complex phe-
nomena which depend upon a variety of
contributing factors *. Although the evoked
response is influenced by a wide afferent
inflow from many sources, and reflects
multisynaptic connections as well as direct
anatomic connections, its careful analysis
can provide considerable information. The
evoked response, however, does not exhaust
the entire domain of information inherent
in the electroencephalogram. Tonic, on-
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going EEG activity recorded in the absence
of exiranecus stimulation also depends
upon a high degree of neural organiza-
tion. By means of computer analysis of
both types of activity, it has been possible
to supplement and extend our understand-
ing of brain function. In the present re-
port these technics were applied to a study
of the effects of sodium amytal upon the
central nervous system, especially the fron-
tal lobes.

The barbituates, including sodium amy-
tal, are known to depress synaptic trans-
mission !. There is also evidence that bar-
bituates preferentially depress responses
mediated over multisynaptic systems, re-
gardless of the anatomicil locations '*. How-
ever, in their study of barbituate effects
upon afferent transmission through the
relay thalamus, King, Naquet, and Ma-
goun ? demonstrated that low doses de-
pressed the reticular formation while higher
doses (sufficient to produce anesthesia)
directly suppress the relay thalamus. Such
an effect might account for the results of
Figs. 1 and 2. In Fig. 1 the stable anterior
hypothalamic VER suggests a pathway not
affected by the doses used in the present
study. A dircce fiber pathway from the
optic tract, as mentioned earlier, would
thus seem plausible. However, the alteration
of VER and AER seen in medial hypotha-
lamus and centromedian thalamus suggests
more vulnerable pathways perhaps involv-
ing not only the thalamic relay, but re-
ticular formation as well. Yet, in Fig. 2
the reticular formation response was least
affected. These results suggest that, in
man, amytal may exert a relatively greater
effect on higher neuronal centers.

The present results indicate that it is
incorrect to describe a single barbituate
effect. Administration of sodium pheno-
barbital did not produce the response pat-
tern seen for amytal, although the beha-
vioral response consisting of drowsiness
and sleep was apparently the same. Mo-
reover, the repeatability of the amytal res-
ponse pattern argues in favor of a well-
defined mechanism.
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The specific purpose of the present
paper was to describe the effects that have
particular bearing on frontal lobe function.
Although our data do not permit precise
conclustons about cellular effects of amytal,
it is possible to describe changes in func-
tional relations between certain subcortical
structures and the frontal lobes. As evi-
denced by evoked response (Fig. 3 and 4)
and coherence analysis (Fig. 5), a distinct
functional uncoupling occurs betrween fron-
tal cortex and some limbic structures. These
data may be related to existing clinical
knowledge about frontal lobe function.
Clinical studies of patients with frental
lobe lesions, whether accidental or the re-
sult of operation, demonstrate that damage
to or removal of significant amounts of
prefrontal tissue creates a relaxed, carefree
attitude °. These patients, living almost
completely in their immediate environ-
ment, have little concern about the future.
The anxiety and discomfort of anticipating
future difficulties is diminished or aboli-
shed. Sodium amytal, the drug we selected
for study by the evoked-potential and cross-
spectral technics, induces a similar reaction.

SuUMmM

Computer analysis of EEG activity was
used to complement existing neuroanatomic
and neurophysiologic data concerning
function of the frontal lobes. Evoked
potential responses to peripheral sensory
stimuli and to single pulse electrical sti-
mulation of subcortical brain sites were
determined. Cross-spectral time-series analy-
sis of ongoing EEG activity was also per-

RES

Para complementar los datos neuroanato-
micos y neurofisiologicos existentes acerca
de Ia funcion de los I6bulos frontales se efec-
tuaron analisis por computadores de la ac-
tividad electroencefalografica. Fueron de-
terminadas las respuestas potenciales evo-
Vol 5.
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Patients who received this drug enjoyed
the experience, which they likened to the
effects of alcohol; they relaxed, appeared
giddy and unconcerned, and said they felt
“good”. At higher dosages, sleep was the
dominant clinical response.

Intravenous injection of sodium amytal
in catatonic schizophrenic patients usually
alleviates symptoms and produces a clinical
response similar to that seen after lobo-
tomy or topectomy ". We have previously
presented data showing pronounced chan-
ges induced by sodium amytal in record-
ings from parts of the limbic system,
principally the septal region where high
amplitude fast spindles appear . These
effects are uncommon with other barbi-
tuates. The demonstrated uncoupling bet-
ween frontal lobes and limbic system,
whose function 1s related to expressions
of emotions, feelings, and levels of atten-
tion, provides a basis for understanding
this clinical effect. That is, the pharmaco-
logical uncoupling of the frontal cortex
from subcortical structures is functionally
similar to the permanent intervention of
lobotomy.

MARY

formed. The results obtained in 2 patients
and 2 monkeys, with subcortical and cor-
tical electrodes implanted for prolonged
study, suggest that sodium amytal exerts
an uncoupling etfect between the frontal
lobes and regions of the limbic system.
These effects are discussed in terms of
existing clinical knowledge about frontal
Jobe function and effects of sodium amytal.

M EN

cadas mediante estimulos sensitivos perif¢-
ricos y mediante la estimulacién eléctrica
por choques aislados de ciertas regiones
subcorticales. También se efectud el ana-
lisis “cross spectral time-series” de la acti-
vidad EEG. Los resultados obtenidos en dos
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pacientes y dos menos con electrodos im-
plantados por un tiempo prolongado en
estructuras subcorticales y corticales sugie-
ren que el amital sédico ejerce un efecto
de desconexiéon entre los lébulos frontales

y el sistema limbico. Estos efectos se dis-
cuten en términos de los conocimientos
clinicos existentes acerca de la funcion del
I6bulo frontal y los efectos del amital so-
dico.

RESUME

Comme complément aux données neuro-
anatomiques et neurophysiologiques obte-
nues sur la fonction des lobes frontaux on a
fait des analyses par computeurs electroni-
ques de 'activité electroencephalographique.
On a determiné les réponses potentielles
¢voquées par moyen de stimulations senso-

rielles périphériques par moyen de la stimu-
lation ¢lectrique par chocs isolés de certai-
nes régions souscorticales. On a aussi effectué
I'analyse “cross-spectral time-series” de I'ac-

tivité EEG. Les résultats obtenus dans deux
patients et deux singes ayant des électrodes
placés dans les structures corticales et sous-
corticales pendant une longue période sug-
gerent que l'amythal sodique exerce une
action de déconnecticn entre les lobes fron-
taux et le systeme limbique. Ces effets sont
discutées a la lumiere des connaissances
cliniques qui existent sur la fonction du lobe
frontal et les effets de I'amythal sodique.

ZUSAMMENFASSUNG

Man benutzte die Komputeranalyse der
EEG-Aktivitaet um die bestehenden neuro-
anatomischen und neurophysiologischen
Daten bezueglich der Funktion der Fron-
tallappen zu vervollstaendigen. Man bes-
timmte die durch peripherische sensitive
Reize und durch die Reizung mit einzelnen
Pulsen von subkortikalen Gehirnstellen
hervorgerufenen Potentiale. Man fuehrte
auch eine gekreuzte Analyse von spektral
Zeit-Serien der EEG durch. Die bei zwei
Patienten und zwei Affen erziehlte Resul-

tate, mit subkortikalen und kortikalen
Elektroden, die fuer ein laengeres Studium
eingesetzt worden waren, lassen daran den-
ken, dass das Amythal-Natrium einen ent-
kuppelnden Effekt zwischen den Frontal-
lappen und den Gegenden des limbischen
Systems ausueben.

Diese Effekte werden diskutiert auf
der Basis der bestehenden klinischen
Kenntnissen ueber die Funktion des Fron-
tallappens und die Effekte von Amythal-
Natrium.
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Troubles Sensitifs et Sensoriels au
Cours des Lésions Préfrontales

Etude comparative

Henry Head et Gordon Holmes ont
clairement pressenti, des 1920, l'action de
controle exercée par le cortex sur le tha-
lamus.

Pour eux, les noyaux médians étaient le
centre essentiel (“essential center”) du
thalamus, régularisant la part affective des
perceptions sensorielles.

Cette hypothese de travail fur mise en
doute par le fait que l'ablation du cortex
sensori-moteur n’entraine pas de signes de
libération sensitive ou sensorielle.

Si on suppose, par contre, que les influx
sensitifs ou sensoriels d'un type plus élé-
mentaire, plus archaique, correspondant a
la “sensibilité protopathique” de Henry
Head, cheminant par des voies différentes
des voies sensitives classiques, aboutissent
a d’autres régions du cortex cérébral, I'hy-
pothése précipitée peut devenir valable. En
discutant la physiopathologie nous verrons
que la physiologie moderne a établi la
rcalité d’un systtme de projection non
specifique des afférences sensitives et sen-
sorielles aboutissant aux noyaux de la
ligne médiane du thalamus, se projetant
sur différentes régions du cortex et par-
ticulicrement sur le cortex préfrontal. On
congoit des lors que I'ablation préfrontale
puisse libérer les impulsions sensitives
comme aussi les tendances affectives et ins-
tinctives élémentaires.

Ayant eu le privilege, durant l'année
1937, de travailler dans le magnifique la-
boratoire de J. F. Fulton a I'Université de
Yale, jeus l'attention arttirée par de tels
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(Paris).

taits, associés a d’autres symptomes que je
rappellerai brievement. Je m’efforcerai en-
suite de montrer, a la lumiére d’autres
travaux, la réalité de I'hyperréactivité sen-
sitive et instinctive au cours des lésions
préfrontales.

I. CONSTATATIONS EXPERIMENTALES
PERSONNELLES

Méthodes

Les opérations furent pratiquées sur six
singes adultes jeunes, dont quatre apparte-
nant a I'espice mangabey (cercocebus tor-
quatus atys) et deux a l'espece pithecus
(macacus rhesus).

On s'effor¢a, sur chaque animal, d’'ex-
tirper tout le tissu situé en avant du bras
inférieur du sillon arqué, ce qui inclut les
zones 9, 10, 11 et 12 de Brodmann mais
¢pargne la zone 8 (zone du contrdle des
mouvements de latéralité oculaire). (Fig. 1
et 2).

Chez un animal, a I'ablation préfrontale,
on ajouta l'ablation de la zone prémotrice
(area 6 de Brodmann).

Résultats

Les animaux furent étudiés en collabo-
ration avec J. Finan qui, exécutant par
ailleurs un travail sur la “delayed reaction”
me fit profiter de son expérience de psy-
chologue.
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29  Modifications du mode réactionnel

Tres vite apres 'opération et persistant
au cours de l'évolution, on observe ce que
nous avons dénommé une surréactivité dif-
fuse. Ces animaux paraissent nettement by-
peresthesiques; lorsqu’on les prend dans les
bras, 1ls retirent brusquement leurs pattes
pour éviter le contact. Dans tous ces cas,
les réactions de défense ont un caractére
de constance et de brusquerie réflexe tres
spécial.

L'excitabilité sensorielle est également
accrue; les animaux présentent le réflexe
d'aveuglement a la lumiére avec du larmoie-
ment. lls réagissent exagérément au bruit.

On pourrait penser que cette surréactivi-
té est due a une irritabilité d’origine psy-
chique, a une peur irraisonnée, aussi est-
il intéressant d’observer cette hyperesthésie
lorsque 'animal est au calme dans sa cage.

Ces symptomes coincident avec des trou-
bles paresthesiques d’un type particulier:
des les premiers jours post-opératoires,
I'animal se gratte souvent et spécialement
les extrémités.

Ces troubles persistent, semble-t-il, d'une
manie¢re permanente., Nous les avons notés

Fig, 1. — Cerveau de singe apres ablation
préfrontale bilatérale.

Une observation tres attentive des ani-
maux, pre-et post-opératoire, nous permit
de grouper comme suit les principales mo-
difications observées:

19 — Modifications de 'activité.
29 — Modifications du mode réactionnel,
20

— Modifications du tonus et des ré-
tlexes de posture.

4Y — Modifications des réflexes périostés,
tendineux, cutanco-muqueux.

5¢ — Modifications du syst¢éme autonome.

19 Modifications de lactivité

Déja observées par les auteurs classiques,
notamment David Ferrier (1886), Bianchi
(1921), elles furent érudiées par C. F. Ja-
cobsen (seul (1931) ou avec J. F. Fulton
et M. Kennard, 1932) qui mit 'accent sur
Ubyperactivité, par C. P. Richter et M.
Hines (1938) qui firent I'étude quantita-
rive du cette hyperactivité.

Nous avons, J. Finan et moi-méme, en-
régistré cette hyperactivité par une métho-
de d’enrégistrement graphique assez rudi-
mentaire et insisté sur sou caractére auto-
matique et stérvéotypé ', Fig. 2
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régulizrement a la fin du jour, dans la pé-
riode précédant le sommeil. Comme nous
I'écrivions déja, ces faits présentent une
certaine analogie avec les troubles sensitifs
produits par J. G. Dusser de Barenne et
O. Sager (1931) aprés injection de tres
faibles doses de strychnine dans le noyaux
thalamiques médians du chat. On peut les
rapprocher aussi des faits d’hypersensibilit¢
obtenu par Cl. Bernard et bien étudiés par
A. Tournay aprés extirpation de porticns
du systeme sympathique.

“L'exageration des réactions instinctives”,
nous parait un des éléments de cette sur-
réactivité diffuse: exagération des instincts

de défense ou de protection, voracité, cc-
Izre, peur, sexualité. La encore, on retrouve
la brusquerie et le manque d’inhibition qui
aboutissent a une perturbation profondz
des manifestations instinctives. Un fait nous
parait capital: la personnalité affective de
chague animal veste semblable mais exal-
tée. Le fait est di, a notre avis, a la libé-
ration de la personnalité neurc-végétative
de chaque animal.

Notons ici encore la modification du cri
cui prend une tonalité plus élevée qu’avant
I'cpération et le caractere de réponse im-
médiate, automatique, aux stimulations
d’origine cxternz ou interne’.

Fig. 3. — Etat cataleptique: attitude de fakir. L’animal, :1;1’Ale
dos, me repose que sur deux points d’appui, nuque €t region
sacrée. Le tronc “fait le pont” entre ces deux pecints dapput.

20

3%  Modifications du tonus et des réflexes

de posture

Nous ne pouvons détailler ce chapitre
et nous dirons seulement qu’apres I'ablation
préfrontale on assiste au dévéloppement
d’'ne hypertonie extrapyramidale prédomi-
nant sur les muscles de la nuque et du dos,
variant aux membres en fonction des ré-
flexes toniques du cou.

Parall¢iement a ’hypertenie apparait une
exagération des réflexes de posture qui peut
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subsister lors méme que l'hypertonie n’est

plus nettement perceptible, ainsi qu'une

tendance cataleptique (Fig. 3).

4% Modifications des réflexes tendinéo-
periostés et cutanéomuqueux.

Réflexes pupillaires

Apres un certain délai suivant linter-
vention, on assiste a une exagération de
la vivacité des réflexes. Cette exagération
est surtout manifeste en ce qui concerne

Vol. 5, — Number 3-4. — 1966,



TROUBLES SENSITIFS ET SENSORIELS AU COURS DES...

les réflexes médians ou axiaux: réflexe naso-
palpébral (qui diffuse au muscle releveur
de la lévre supérieure et au muscle men-
tonnier) réflexe du menton, réflexes sterno-
pectoral et médio-pubien.

Les réflexes pupillaires cont conservés.
Dans I'obscurité, les pupilles sont nettement
dilatées; sous l'effet de la lumiere, elles
ce contractent modérément mais de mani2-
re non scutenue.

L’clfaction persiste apras I'intervention.

5%  Modifications diu systéme autonome

Ces troubles sont constants. Comme nous
I'écrivions J. Finan et moi (1937) “on voit
survenir diverses manifestations. Les unes
peuvent ctre, quzlifiées de sympathiques:
signes de colére, tendance a mordre, érec-
tion pilomotrice, dilatation pupillaire. Les
autres méritent plutét le nom de parasym-
pathiques: transpiration excessive des extré-
mités, brusques réactions vaso-motrices, pé-
riodes de compléte apathie.”

Nous aviens encore cbservé chez le singe,
apres ablation préfrontale, des troubles de
la régulation thermique, des modifications
¢videntes du péristaltisme gastrique (avec
E. Cliffton) se faisant tantot vers 'accélé-
ration, tantot vers le ralentissement, des
modifications de la régulation cardiaque
(avec H. E. Hoff).

Dans le présent article, nous mettons sur-
tout l'accent sur les troubles sensitifs et
sensoriels. Si nous avons tenu a rappeler
les autres troubles observés apres ablation
préfrontale, c’est qu'a nos yeux il est diffi-
cile de dissocier les uns des autres.

Nous reviendrons sur les mécanisme des
symptomes.

En 1939 1, tenant compte des relations
anatomiques des lobes préfrontaux et des
noyaux médians du thalamus, bien établies
par les travaux de Le Gros Clark et Bog-
gon (1932), d’A. E. Walker (1935) entre
autres et nous basant sur les relations de
ces noyaux médians avec les autres noyaux
thalamiques ainsi qu’avec le corps strié¢ et
le pallidum, avec I'’hypothalamus et les
noyaux végétatifs périventriculaires, nous
avions cherché a expliquer nos résultats par
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une libération des portions phylogénétique-
ment anciennes du systeme dit extrapyra-
midal, par P'intermédiaire de l'archithala-
mus de Wallenberg.

Jette conception, nous le verrons, reste
détendable mais elle mérite d’étre rajeunie
a la lumizre des travaux récents de neuro-
physiologie.

De retour en France, nous avons pu étu-
dier dans les laboratoires dirigés par A.
Gosset, G. Guillain et 1. Bertrand a la Sal-
nltricre, les effets de I'ablation unilatérale
du cerveau préfrontal chez le singe. Nous
avons pratiqué, avec la collaboration de R.
J. Chevallier, chez cinq animaux (deux
mangabeys, un papio cynocéphale, deux sin-
ges callitriches) lablation préfrontale uni-
iatérele. Afin de préserver les nerfs olfactifs,
nous avons laissé en place la partie interne
et orbitaire du lobe préfrontal.

Nos résultats, publiés en 1942, furent,
d’'une maniere résumee, les suivants:

19 Modifications de lactivité: on ob-
cerve une augmentation d’activité mesurée
par un systtme pneumatique relié par un
cylindre enrégistreur. Elle présentait le
méme caractére automatique, stéréotype,
que chez les animaux ayant subi une abla-
tion bilatérale. Chez ces derniers, I'hyper-
activit¢ nous a paru nettement plus mar-
quée, ccnformément aux observation de C.
P. Richter et M. Hines.

2%  Meadifications du mode réactionnel:
Ics réactions aux diverses stimulations de-
viennent plus vives, mais d'une manicre
beaucoup moins évidente qu'apres ablation
bilatérale.

’\!j

37 Réflexes: les réflexes des membres
ainsi que les réflexes médians ou axiaux
s'exagerent dés la deuxieme ou la troi-
sieme semaine post-opératoire. Fait impor-
tant, pour les réflexes médians dont la ré-
ponse peut ctre dissociée comme le réflexe
sterno-pectoral et le réflexe médio-pubien,
la réponse est manifestement plus vive du
coté opposé a l'ablation préfrontale.

4 Modifications des réflexes de pos-
ture: I'hypertonie des muscles extenseurs
de la téte et du tronc est beauccup moins
marquée qu’apres 'ablation bilatérale.
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Sur les membres, 'hypertonie débute ¢ga-
lement pendant la deuxieme semaine, puis
elle s'atténue. Elle prédomine indiscutable-
ment sur les membres du coté opposé a
I’ablation et a la racine du membre. Clest
une rigidité du type extrapyramidal, sa re-
cherche donne la sensation de roue dentce.

La tendance cataleptique était a peine
décelable chez les callitriches mais nette
chez les mangabeys et le papio. Elle était
renforcée par linjection intra-musculaire
de substances pharmacologiques possédant
une action parasympathicomiméthique
comme la bulbocapnine (0,010 g. par
kilo) * ou, de mani¢re moins évidente,

I'acétylcholine (0,01 g. par kilo). Elle pa-
raissait plus marquée du coté controlatéral.
5 Les modifications du systéme auto-
nome sont les mémes qu'apres ablation bi-
latérale, mais beaucoup plus atténuces.

Aussi bien chez les singes soumis a
I'ablation bilatérale ou unilatérale, I'étude
histologique des coupes séri¢es des noyaux
gris centraux ne montra pas de lésions ma-
nifestes.

Nous avons également, avec R. ]J. Che-
vallier (1939), étudié chez le lapin les
effets de l'ablation de la partie antérieure
du cerveau (areas 6 et 8, partie antérieure
des areas 4, 24 et 32, d’apres l'atlas de

Fig. 4. — Etat cataleptique chez un lapin.

Winkler et Potter) (fig. 4). Apres I'abla-
tion les animaux deviennent trés excitables,
répendant souvent aux stimulations par des
grognements ct des essais de mordre.

Chez huit sur onze lapins, nous avons
pu mettre en évidence une tendance cata-
leptique (fig. 5) associée a un ralentisse-
ment des bruits du coeur, a une respiration
ample, un peu ralentie, avec des pupilles
peu dilatées. L'ensemble de ces symptomes
nous fit penser que la catalepsie fait par-
tie d'un état ou prédomine le systéme va-
gal. Le rhinencéphale fut trouvé intact lors
des vérifications histologiques.

* Note: La coexistence de signes végétatifs
de type parasympathique associés a la ca-
talepsie dues a la bulbocapnine est signalée
par W. R, Ingram et S. W. Ranson (1934).
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Il. TROUBLES SENSITIFS ET SENSORIELS
MIS EN EVIDENCE PAR DIFFERENTS
OBSERVATEURS

On peut classer, de maniere schématique,
Ja répercussion de ces troubles sur I'animal:

1?  Répercussion sur l'activité.

2? Répercussion sur la réactivité, no-
tamment a la douleur.

3% Répercussion sur le comportement
instinctivo-affectif.

4% Répercussion sur les réflexes condi-
tionnés et 'apprentissage.

1°  Répercussion sur l'activité

Deés 1874, David Ferrier décrivait les al-
ternatives d’apathie, d’hypocinésie et d’hy-
1966,
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TROUBLES SENSITIFS

Fig. 5. — Cerveau de lapin

aprés ablation des poles an-

térieurs. Les bulbes olfactifs
ont été respecteés.

peractivité automatique que présentent les
animaux sans lobes frontaux.

Bianchi (1921) assimilait les mouvements
de manege des singes préfrontaux a des
stéréotypies, des tics psychomoteurs.

L’effet stimulant sur I'activité de diverses
excitations internes ou externes, notamment
de la lumiére, aprés ablation préfrontale,
est signalé chez les singes par J. F. Fulton,
C. F. Jacobsen et M. Kennard (1932), par
C. P. Richter et M. Hines (1938); T. Ruch
et Shenkin ™ signalent aussi 'action favo-
risante de la lumiére sur '’hyperactivité ob-
tenue par ablation de l'area 13 orbitaire
chez le singe.

Apres ablation de différentes aires du
cortex, M. A. Kennard et associés *® cons-
tatent une augmentation de l'activité par
les “stress” émotionnels et par la lumiere.

G. M. French et H. F. Harlow *' ont me-
sur¢ l'augmentation d’activité des singes:
apres ablation préfrontale bilatérale, cette
activité devint considérable, dépassant dix
fois celle d’'un singe indemne (G. M.
Franch ). La lumiére joue un réle certain.

Le role stimulant de la lumiére a pu
¢tre mesuré par W. Isaac et J. L. de Vito *7.
La lumiére serait aussi le concomitant né-
cessaire des stimulations auditives dans la
production de I'hyperactivité. Le degré de
I'activit¢é motrice semble refléter le taux
de I'impulsion sensorielle totale.
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D’apres Ch. G. Gross et L. Weiskrantz *',
I'ablation chez le macaque de lésions limi-
tée au sulcus principalis détermine des mo-
difications de D'activité similaires a celles
obtenues par l'ablation de toute la région
latérale du cortex frontal.

Les modifications apportées a l'activite
par les stimulations d'origine interne sont
plus difficiles a mesurer. La faim parait
agir comme chez les animaux normaux,
c’est a dire en exaltant 'activité alors que
des périodes de pause sont plus volontiers
observées apreés ingestion de nourriture.

29 Répercussion des troubles sensitifs sur
les réactions a la douleur

Différents observateurs ont remarqué la
pius grande réactivité¢ des singes aprées abla-
tion préfrontale: M. Kennard et ses asso-
ciés *%, dans le laboratoire de J. F. Fulton,
R. J. Campbell et H. F. Harlow '" qui ex-
pliquent la distractibilité de leurs sujets par
I'abaissement du seuil d’excitation a tous
les stimuli, externes et internes.

On sait que la lobotomie préfrontale,
chez '’homme, est susceptible de diminuer
la douleur ou tout au moins I'appréhension
de la douleur. Différents chercheurs se sont
efforcés d’elucider ce probléme difficile par
'expérimentation animale, (Lichtenstein *°,
Smith >%).

Chez les singes rhésus préfrontaux, J. E.
Miles et H. E. Rosvold %’ constatent la
persistance des réactions aux stimulations
douloureuses.

Waterhouse 7, également chez des singes
lobotomisés préfrontaux, insiste sur la per-
sistance des signes de la peur provoquce
par des chocs électriques tandis que la vi-
tese de leurs réponses aux mémes chocs est
diminuée.

Observant les mémes difficultés pour
¢viter rapidement un choc électrique chez
les singes écureuils (squirrel monkeys), R.
C. Miles " les explique par Iincapacité
d’inhiber un acte d’approche habituel.

Signalons encore que B. A. Mayer et R.
W. Mac Intire *® observant la persistance
de la défécation provoquée par les chocs
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¢lectriques chez des rats préfrontaux sou-
mis a des chocs électriques mettent en dou-
te, chez cet animal, la diminution de la
peur apres ablation frontale.

Nous insisterons surtout sur un fait qui
parait reconnu par tous les auteurs: la per-
sistance de la réactivité ou la plus grande
réactivité des animaux aux stimulations
douloureuses,

3% Répercussion des troubles sensitifs sur
le comportement instinctivo - affectif

Les troubles du comportement instinctif
et affectif, aprés ablation frontale avaient
attiré l'attention des auteurs classiques,
aussi bien chez les chiens (Golz, Bechte-
rew) que chez les singes (Bianchi).

Kalisher (1911), chez des chiens dressés
auparavant a ne prendre leur nourriture
qu’apres avoir entendu des sons d’une hau-
teur déterminée, observe I'impossibilité
pour eux, apres ablation des lobes fron-
taux, de réfréner l'impulsion a manger.
Afanasev (1913) rapporte une désinhibi-
tion des réflexes conditionnés classiques de
défense chez des chiens préfrontaux, quand
ces réflexes sont renforcés par un choc
¢lectrique.

En 1932, J. F. Fulton, C. F. Jacobsen et
M. Kennard signalent aprés 1ésion frontale
une augmentation considérable de I'appétit.
J. W. Wartts et J. F. Fulton (1934) mon-
trent que I'ablation frontale bilatérale occa-
sionne une faim morbide (“morbid hun-
ger”) et parfois une intussusception.

Toute une série de travaux de I'Ecole
Russe dont on trouvera un résumé dans
une récente étude de S. Brutkowski” ont
démontré que chez le chien I'ablation pré-
frontale détermine des perturbations im-
porrtantes dans le jeu des réflexes condi-
tionnés par la faim ou par la peur.

A coOte des réponses d’attraction pour
la nourriture, K. Akert a observé chez deux
chats sur trois, aprés lésions préfrontales
extensives en direction caudale sur la ré-
gion médiane, des réactions de refus de
toute nourriture pendant plusieurs jours.

Des troubles du comportement sexuel ont
été observés aussi par Brutkowski.
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4° Répercussion des troubles sensitifs sur
lapprentissage, le "learning”

Cet apprentissage utilise un condition-
nement dit instrumental ou les récompen-
ses et les punitions interviennent comme
conséquence de la répoanse du sujet ou de
son échec a répondre.

Nous envisagerons seulement ici deux
méthodes bien connues: 1° la “delayed
response” introduite par Hunter (1913) et
dont la perturbation apres lésion préfron-
tale, soulignée par J. F. Jacobsen (1931),
a fait I'objet de trés nombreux travaux.

2%, la “delayed alternation” ou l'animal
a le choix entre deux réponses, l'une de
celles-ci étant récompensée aux épreuves
alternées.

J. E. Jacobsen (1931-1935) démontre que
les singes, aprés ablation préfrontale, ne
sont plus capables de réaliser une action
différée (delayed response) alors qu’ils
peuvent répondre correctement de manicre
immédiate. 1l signale la distractibilité des
animaux, que ce soit par l'cbservateur ou
n'importe quel événement extérieur mais
fait surtout intervenir un trouble de la
mémoire immédiate pour expliquer le
trouble.

Cependant, des collaborateurs de Jacob-
sen, tels que J. Finan, Nissen, et assocics,
Malmo, démontrent que d’autres facteurs
que le trouble de mémoire sont en cause.

J. Finan'* prouve par différentes mé-
thodes (Shuttle box, labyrinthe simple)
que l'organisation temporelle est conservée;
d’aprés lui, ce qui perturbe surtout les sin-
ges préfrontaux au cours de ja “delayed
response”’, c’est I'absence de support par un
stimulus extérieur au moment du choix.

Malmo **, remplacant dans I'épreuve de
“delayed response’ les stimuli de nourriture
par des stimuli lumineux et variant I'éclair-
rement de la cage ou se trouve I’animal,
chserve que ses performances sont d’autant
meilleures que la cage est moins éclairée.
Il invoque un processus d’inhibition rétro-
active.

Plusieurs travaux ont démontré que la
“delayed response” peut étre améliorée en
réduisant la distractibilité de singes ou de
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babouins par des sédatifs, notamment par
des barbituriques (M. Wade®), (Pri-
bram ™). Chez des animaux testés tardive-
ment, J. S. Blum et associés " ne purent
observer cet effet mais Mishkin et asso-
ciés % confirment l'action favorable des
barbituriques chez les babouins préfron-
taux, méme si l'entrainement a été tardif,
aussi bien dans la "delayed response” que
dans les tests d'alternation (delayed alter-
nation”).

Dans ces expériences, les performances
des animaux sont améliorées en réduisant
leur réactivité aux stimulis extérieurs, cause
de distraction.

Récement, J. Konorski et W. Lawicka #*
ont démontré le role capital des distractions
dans la “delayed response” des chiens pri-
vés de leur cerveau préfrontal. La distrac-
tion introduite dans I'épreuve, durant la
période de délai, censiste a le libérer (“re-
Jease™).

Suivant les conceptions de Pavlov, la ré-
ponse instrumentale (approche de la nour-
riture a I'endroit approprié¢) dépend d’un
stimulus combiné associant la trace du
stimulus de préparation au stimulus actuel
de “release”. Quand le chien réagit correc-
tement, C'est que le stimulus de prépara-
tion ou stimulus de trace est devenu aussi
fort ou plus fort que le stimulus de re-
lease. Chez les chiens préfrontaux, la force
rétlexogene du stimulus de préparation est
réduite, le stimulus de release devient do-
minant mais comme il ne suffit pas, a lui
seul, a déterminer la direction de la ré-
vonse, I'animal se trouve devant une tache
tres difficile.

D’apres J. Konorski et W. Lawicka, la
principale cause du déficit de la "delayed
reaction” des animaux préfrontaux est due
a Vaugmentation de la valeur réflexogene
des stimulis externes actuels. Reprenant
une expression de K, Goldstein, les auteurs
estiment que les animaux frontaux (et
aussi les humains) sont plus “‘stimulus
bound”, liés au stimulus, que les normaux.

Les difficultés de ces animaux paraissent
dues a une incapacité d’inhiber ou de mo-
difier uu comportement habituel ou do-
minant, qui les rend inaptes a controler
1966,
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le jeu des stimulis externes ~u internes et
a les intégrer en vue d’'une action coor-
donnée.

lil. TROUBLES SENSITIFS ET SENSORIELS
DANS LA PATHOLOGIE
PREFRONTALE HUMAINE

Nous rappelleroas ensuite les travaux des
auteurs ayant observé des troubles sensitifs
7u cours des lésions frontales chez ’hom-
me.

Ces troubles ne sont pas classiques. On
retrouve cependant, a la lecture des auteurs
classiques, des cxemples d’hyperesthésie dif-
fuse (Dercum, Berger) ou d’hémihypoes-
thésie (Feuchtwanger), troubles qualifiés
d’hystériques.

K. Goldstein (1927) a insisté sur ces
trcubles sensitifs: il a observé chez des ma-
lades frontaux une hyperexcitabilité des
organes sensoriels du cote opposé a la Jé-
sion: I'excitaticn de la peau, des yeux, du
nerf auditif détermine des réactions anor-
males qui aboutissent a des troubles mo-
teurs et a des troubles des perceptions dans
I'espace.

Clovis Vincent (1928) remarque aussi
I'existence de paresthésies et d’hyperalgésie
chez certains malades frontaux.

19 Constatations personzlles — Dans la
revue que nous avons faite en 1939 51 de 172
observations de tumeurs frontales du Dr.
Harvey Cushing, nous avons insisté sur la
fréquence des paresthésies du visage ou des
extrémités; nous avons retrouvé 10 fois le
signe de frottement du nez (“rubbing
nose”) décrit par Wartenberg au cours de
Iésions frontales, retrouvé aussi au cours
de tumeurs temporales et attribué par
Sjoavist a l'irritation du noyau caudé.

Nous avions relevé des cas d’hypoesthé-
sie mais plus souvent encore, d’hyperesthé-
ste (16 cas) associée parfois a des réactions
affectives paradoxales.

Parmi les troubles sensoriels, signalons
la fréquence relative de la photophobie et
la possibilit¢ d’une hyperesthésie auditive.
Dollken (1935) observé que les malades
trentaux ont une sensibiilté excessive pour

~ 365
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les sons tres intenses et qu'ils perdent la
capacité de leur assigner une tonalité mu-
sicale. Au-dessus d'un certain seuil, le son
n'est plus per¢u que comme un bruit,

Enfin, nous avions retrouvé II cas d’bal-
lucinations parmi les gliomes, 7 cas parmi
les méningiomes (5 méningiomes olfactifs)
(I méningiome sagittal, I méningiome des
poles frontaux).

Parmi les autres troubles rencontrés,
nous signalerons seulement ceux paraissant
causer une perturbation viscérale sensitivo-
motrice:

— troubles urinaires, classiques. Les sti-
mulations, notamment emotionnelles, exa-
gerent cette incapacité,

— troubles génitaux, variables et d’in-
terprétation difficile.
— troubles digestifs, dont 3 cas de

“morbid hunges”.

Tenant compte de la constatation associée
de troubles de l'activité, de modifications
du tonus musculaire, avec parfois catalep-
sie, d’'une exagération des réflexes médians,
de modifications psychiques paraissant tra-
duire une libération d’instincts élémentai-
res, nous ¢crivions: “les lobes préfrontaux
chez 'homme comme chez 1'animal doivent
exercer a I'état normal un rdle inhibiteur
sur le systtme dit extra-pyramidal et vrai-
semblablement sur les portions archaiques
de ce systtme “et encore: "ils jouent un
role analogue a celui d'une résistance in-
dispensable a la protection des autres zones
cérébrales contre lirruption du potentiel
végétatif.”

Nous serions tentés aujourd’hui d’ajouter
qu'a I'inverse ils doivent pouvoir également
mettre en branle le systeme végétatif, cette
dualité¢ fonctionnelle, de stimulation et
I'inhibition, leur conférant un role régu-
lateur,

En collaboration avec W. J. German
(1938), jai pu mettre également en évi-
dence des signes de libération ertrapyra-
midale chez trois sujets ayant subi une lo-
bectomie plus ou moins importante pour
des tumeurs frontales bilatérales. Ultérieu-
rement, grace a I'obligeance de Clovis Vin-
cent et de ses éleves, a celle de D. Petit-
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Dutaillis, de Jean Guillaume, j'ai pu étu-
dier 18 sujets ayant subi une lobectomie
unilatérale. J'ai retrouvé des troubles du
méme ordre, notamment des paresthésies,
du fou rire, souvent plus marqués durant
les premiers mois post-opératoires, tendant
a s'atténuer par la suite.

Les réflexes des membres et les réflexes
paramédians (sterno-pectoral, medio- pu-
bien) sont souvent exagérés du cot¢ op-
1ro:é a la lobectomie.

Avec M. Feld '" je pus étudier 20 mala-
des ayant subi une topectomie des aires 9,
cu des aires 9 et 10, ou des aires 9, 10 et 46.

Avec D. Petit-Dutaillis et L. Berges ™",
nous avons ¢tudié 50 cas de lobotomie réa-
lisées pour des algies irréductibles (dont
30 lcbotomies bilatérales et 20 unilatérales),
la plupart suivant le procédé de Poppen.

La fréquence des troubles sensitifs apres
topectomie des aires 9 ou des aires 9 et 10
ou 9, 10 et 46 ou apres lobotomie bilaté-
rale est trés grande. Les réactions peuvent
étre masquées par l'inertie du malade, sur-
tout aprés lobotomie. Cette réserve faite,
nous pensons que la surreactivité est un
phénomene constant survenant tres tot (on
la constate souvent des le lendemain de
'intervention), persistant plusieurs mois
mais s’atténuant généralement a partir de
fa 5¢ ou de la 6 ¢é semaine.

Chez ces malades, on peut observer des
paresthésies et les réactions provoquées par
des stimulations simples, telles que le pin-
cement, la piqare, le chatouillement, le
froid, sont généralement vives, immédiates,
accompagnées de réactions de défense et
souvent associces a des réactions émotives
telles que le fou-rire ou une attitude lége-
rement hostile (“laissez-moi, vous m'embe¢-
tez’... etc..). La pression des nerfs (cu-
bitaux et surtout trijumeaux), des testicules
chez 'homme, provoque des réactions an-
tagonistes ou des grimaces du visage.

Comme nous 'écrivions en 1952 4 “chez
certains malades, les stimulations parais-
sent provoquer des réactions ¢érotiques. Nous
citerons le cas d’un sujet qui, peu apres une
topectomie des aires 9 et 10, avait des ¢érec-
tions au cours de I'examen et celui d’une
femme (une maniaque, il est vrai) qui,
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apres lobotomie, présentait, quand on la
piquait, des attouchements de la région
génitale. Plus souvent il s’agit seulement
d'une “attitude ¢érctique” avec sourires
¢quivogues.”’

Ces constatations ne doivent-elles pas
ctre rapprochées par de celles de S. Brut-
kowski chez le chien?

Dans le premier mois post-opératoire, les
malades ont souvent une peur instinctive
des piqures avec parfois réactions de fuite
nécessitant deux ou trois personnes pour
les immobiliser. Cette peur augmente cer-
tainement les réactions mais ne suffit pas
a les expliquer: si, aprés avoir rassuré le
malade et lui avoir dit de fermer les yeux
on produit une stimulation, on obtient une
r¢ponse immeédiate, anormale par sa brus-
querie, son intensit¢ et sa diffusion., Par-
fois le sujet gratte avec sa main ou son
pied la région irritée, durant quelques se-
condes, ce qui semble indiquer une persis-
tance anormale de la sensation.

Cependant les sensibilités élémentaires a
tous les modes sont conservées et la sté-
réognosie parait grossicrement indemne.

Parmi les troubles sensoriels nous avons
constaté souvent une légere photophobie
avec larmoiement. L'bippus sur lequel
Bianchi avait attiré autrefois l'attention est
assez fréquent. Cette instabilit¢ des réac-
tions pupillaires parait I'expression de I'ins-
tabilité neurovégétative. L'irritabilité au
bruit est souvent présente.

Les troubles de I'orientation spatiale sig-
nalés dans les lésions frontales par Pierre
Marie et dont les recherches de L. Barra-
quer - Ferré ont démontré la réalité expé-
rimentale sont d’observation difficile chez
des opérés.

Les hallucinations peuvent étre rangces
parmi les troubles sensoriels. La fréquence
relative des hallucinations auditives au
cours des tumeurs frontales avait été sou-
lignée par Courville (1928); H. Baruk
(1926) a relevé des hallucinations visuelles
oniriques au cours de certaines tumeurs,
notamment fronto-calleuses ou de la base;
M. David et Puech ont signalé des hallu-
cinations combinées dans les méningiomes
de Ia petite aile du sphénoide.
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Nous avons invoqué !, 52, 53, 54 55 3
l'origine de certaines hallucinations, la sup-
pression fonctionnelle préfrontale plus ou
moins compléte permettant, suivant une
théorie développée par R. Mourgue "
“Vintrusion de la vie instinctive (neuro-
végétative) dans le domaine de la causalité
et de lorientation (cortical)”.

Nous ne pouvons nous ¢tendre ici sur
ce vaste probleme, rappelant seulement
qu’on peut voir des hallucinations au cours
de toutes les lésions frontales bilatérales,
tumorales ou non tumorales. Nous en avons
signalé des exemples avec D. Petit-Dutai-
liis, au cours de I'hyperostose frontale in-
terne et dans un cas, apres Iésion par balle,
orbito - frontale bilatérale. La survenue
d’états oniriques, aprés topectomie ou lo-
botomie, a été cobservée par différents au-
teurs et pous-meme.

H. Krayenbuhl et W. Stoll *' décrivent
une observation d’état hallucinatoire pro-
longé.

A l'inverse, les mémes interventions peu-
vent, apres lobotomie, faire cesser ou mo-
difier un état hallucinatoire préexistant.

Rappelons ici I'importance qu'attachait
H. Head aux phénomenes d'byperesthésie
cutanée chez les hallucinés au cours d’af-
tections viscérales.

Cette hyperesthésie existait chez nos hal-
lucinés frontaux.

En méme temps que la désinhibition
frontale, la cozxistence d'une excitation
neuro-veégeétative parait nécessaire a la sur-
venue d'un érat hallucinatoire: c'est ce
qu'ont realis¢ M. David, H. Hécaen et ].
Talairach '* en stimulant les noyaux anté-
rieurs du diencéphale apres une lobecto-
mie, déterminant ainsi des états maniacoi-
des et aussi des états confuso oniriques.

Il faut cependant reconnaitre que des
¢tats oniriques peuvent survenir a la suite
d’autres interventions cérébrales.

Si I'action de controle de la région pre-
frontale sur le systtme extrapyramidal pa-
rait majeure, d'autres régions du cortex
exercent aussi une action.

R. C. Schneider et ses associés % ont ré-
cemment invoqué, comme base anatomique
des hallucinations au cours de lésions fron-
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tales expansives, une irritation c¢tendue
aux lobes cccipitaux ou temporaux par la
voie des fibres éfferentes dans le faisceau
inférieur cccipito-frontal et le faisceau un-
cing.

L’'importance des troubles du systéme
autononie est trop classique pour que nous
ayons a y insister.

Parmi les troubles digestifs, on a décrit
une “‘voracit¢ pathologique” apres lésion
frontale (observ. de Bechterew, Watts et
Frazier, Moniz et Lima, Levin). Comme
nous [’écrivions > “ces faits peuvent s'in-
terpréter a la fois par I’hyperesthésie coe-
nesthésique (digestive dans ce cas) et par
I'’hypermotilité. Mais il est probable que des
phénomeénes d’hypoesthésie et d’hypomoti-
lité peuvent se produire chez certains ma-
lades, entrainant du négativicme alimen-
taire, de I'atonie gastro-intestinale”.

De la méme maniére, nous avions ** tenté
d’expliquer les troubles genitaux et les
troubles urinaires.

Les troubles psychiques constituent, de
I'avis unanime, l'une des caractéristiques
cssentielles des lIésicns frontales. Celles-ci
peuvent simuler des syndromes psychiatri-
ques tres varics, elles peuvent évoquer la
paralysie geénérale progressive, un syndro-
me hypomaniaque, un état schizoide ou
méme nettement schizophrénique. Des
¢tats hystériformes peuvent survenir.

L'irritabilité est un signe trés fréquent
paraissant conditionnée par I’hyperesthésie
atfective. Sous le nom d’'incontinence émo-
tionnelle, G. Rylander ™ a bien expr.mé
la difficulté, voire l'impossibilit¢é de ces
malades a réfréner leurs pulsions affectives.
Le manque d’inhibition rend compte éga-
lement des troubles instinctifs si fréquents.
L’activit¢ des malades peut ¢tre modifiée,
devenir stéréotypée mais ’hyperactivité si
spéciale de certaines esp2ces animales, aprzs
lésion préfrontale, parait transposée sur
d’autres plans. Clest ainsi que lactivité
verbale peut étre tantot diminuée, tantOt
exaltée, d'ou un bavardage incessant.

De nombreux auteurs et récemment H.
Hécaen ** insistent sur la fréquence des
¢tats hypokinétiques au cours des tumeurs
frontales.
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Les troubles de la mémoire sont signales
par la plupart des auteurs. Ce sont des
troubles de la mémoire de fixation, de la
mémoire immédiate, mais le capital mné-
sique reste indemne semble-t-il. Ils parais-
sent surtout dus a la distractibilite, elle-
méme secondaire au défaut d’intégration
des stimuli, ceux-ci entrainant une réponse
motrice immédiate (verbale ou autre). Un
bon exemple de cette modalité réaction-
nelle est la classique “Witzelsucht” I'Op-
penheim, tendance aux jeux de mots, aux
cog-a-I'ane avec réponse plus ou moins
spirituelle et de caractere immédiat. La ra-
pidité du jeu associatif mental y gagne
mais pas la profondeur de la pensée.

L'eupborie, de l'avis unanime, reste un
excellent signe des lésions frontales chez
I’homme.

Lz problime de l'action des interven-
tiocns préfrontales sur la douleur est d’in-
terprétation  difficile. Comment concilier
I'hyperréactivité sensitive avec le soulage-
ment, qui parait souvent réel, de la souf-
france?

Nous ¢criviops nous-mémes °*': “les re-
ponses peuvent avoir un caractére ambiva-
lent, le sujet affirmant tantot qu’il souffre,
tantot qu'il ne souffre pas.

Ces discordances compliquent l'interpré-
tation des résultats. Cependant, I'aspect du
visage plus détendu, les périodes d’eupho-
rie entre les acces douloureux constituent
un mieux. L'intervention a modifié le mode
réactionnel 2 la dculeur, les malades ex-
tériorisent davantage leur souffrance par
des grimaces, par des cris ou en agrippant
ce qui est a leur proximité. Comme nous
le disait un intirmer, ils paraissent souf-
frir d’'une manigre plus animale... On ne
saurait méconnaitre que ces modalités réac-
tionnelles, créées par la psycho-chirurgie,
voat de pair avec une indifférence idéo-
affective, une abolition du coté sublime de
Ja souffrance. Mais certaines riuleurs outre-
passent la tolérance humaine et cette con-
sidération nous parait justifier I'interven-
tion.”

Depuis R. Leriche, on sait I'importance
du systeme autonome dans la pathogénie
de la douleur. Avec D. Petit-Dutaillis ™
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nous ¢crivions: “Clest en définitive par
une action neuro-végstative portant a la
fois sur le systeme vagal et orthosympa-
thique que l'on peut essayer d'expliquer
I'action de la psycho-chirurgie sur la dou-
leur.

Les réactions neurc-végétatives se feraicn:
sur un mode plus primitif. De mime qu=
les primitifs, de méme que les cnfants chez
qui I'évolution des cancers peut (tre indo-
lore, les lobotomisés suppertent mieux I
dculeur parce que leur systdme nerveux
végétatif a ét¢ medifié, ramené a un ni-
veau plus archaique. L'action sur 'oed2m~,
que ncus avons vérifiée dans trois cas plaide
également en faveur d’une action ncurc-
végétative. Celle-ci rend compte aussi dcs
résultats particuliérement imvortants obte-
nus dans les sympathalgies et les causal-
gies”.

29 Travaux récents — De différents
chercheurs ont cbservé des troubles sensi-
tifs apr2s lésion frontale chez I’homme
(Yacorzinski et L. Davis Y%, L. B. Malmo *°,
W. P. Chapman, A. S. Rose et H. C. fo-
iomon ', F. A. Mettler et jes associés *%).

Etudiant les réactions sensorielles, les
associ¢és de Columbia-Greystone *® n’ont pas
observé de modifications visuelles, auditives
ou vestibulaires significatives.

En ce qui concerne la sensibilité visce-
rale, nous signalerons un récent travail de
G. Andrew et W. Nathan ? sur l¢s troubles
de la miction et de la défécation apras lé-
sions frontales.

ESSAI D'INTERPRETATION

Nous ne ferons qu’ébaucher les grandes
lignes de ce chapitre qui mériterait une
¢tude extensive, Il faut reconnaitre cepen-
dant que beaucoup de points d’anatomie
et de physiologie susceptibles d’éclairer le
probl2me des troubles sensitifs restent mys-
téricux, surtout chez I'homme.

i. Bases anatomiques

19 les counections afferentes aux lobes
préfrontaux sont mal connues(fig. 6).

Number 35-4, 10066,
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apres

lapin
ablation dans la region
parieto-occipitale.

Fig. 6. — <Cerveau de

2° les comnections efférentes des lobes
préfrontaux ont ¢été particulizrement éru-
diées chez le singe. Elles ont été surtout
décrites avec les noyaux dorsc-médians du
thalamus. D’autres projections ont été dé-
crites vers les noyaux de la ligne médiane
(complexe intralaminairc) et vire le no-
yau réticulaire,

3°  Fibres d’association, De multiples fi-
bres d’association corticale reliant les dif-
férentes aircs préfrontales entre ellss cnt
¢té  décrites, nctamment par W. ]J. S.
Kricg ** et d’autres.

Le faisceau unciné relie la convexité pré-
frontale, a sa partie postéro-inféricure, avec
la partie antérieure du lobe temporal.

Parmi les voies afférentes au cortex pré-
frontal, les mieux établies proviennent des
noyaux dorso-médians. Les voies efférentes
sont nombreuses et paraissent former un
lien entre le cortex prétrontal, le striatum,
la région limbique, I'hippocampe, I'hypo-
thalamus et la mésencéphale.

li. Bases physiologiques

Nous insisterons seulement ici sur les
travaux susceptibles d’éclairer le probleme
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des troubles sensitifs et instinctivo-affectifs
au cours des lésions préfrontales, en sou-
lignant:

1 — l'importance de la représentation
du systeme autonome sur le cerveau pr¢-
frontal;

2? les données apportées par la neuro-
nographie physiologique.

1% Importance de la représentation du
systeme autonome

C’est surtout sur la swurface orbitaire, chez
le chat et le singe, que des modifications

des réponses autonomes ont ¢té obtenues
par la stimulation électrique.

29 Neuronographie physiologique

J. P. Murphy et E. Gellhorn ** ont mon-
tré chez le chat que l'injection de strych-
nine dans ['hypothalamus détermine un
“firing”, c’est-a-dire des potentiels E.E.G.
évoqués dans le noyau thalamiques dorso-
médian et ensuite dans le cortex. Le noyau
thalamique ventrolatéral reste constam-
ment negatif. L'injection de strychnine
dans le noyau dorso-médian détermine un

[S5s] Area 8

-4 Area9

_ \ 7] Area orbitalis

fiey Pars paralamellaris
[ Pars parvocellularis

{5] Pars magnocellularis

Fig. i. — Les projections depuis les différentes zones du

noyauw dorsomédian sur les régions du cortex frontal

granulaire (d’aprés K. Akert, In: The frontal granular
Cortex and Behavior, 1964).

“firing” dans le cortex ipsilatéral puis con-
tralatéral. En outre, apres injection répétée
ou apres un temps de latence, I’hypothala-
mus ipsi— et contralateral, les noyaux ven-
trolatéraux thalamiques ainsi que le noyau
dorso-médian contralatéral sont le siege de
potentiels évoqués.

La strychninisation du noyau thalamique
ventrolatéral détermine un “firing” dans
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'’hypothalamus et dans le noyau thalamique
dorso-médian des deux cOtés ainsi que dans
le noyau thalamique ventrolatéral contra-
latéral.

La strychninisation d’aires variées du
cortex (gyrus proreus, Cortex sensori-mo-
teur, aire acoustique primaire, circonvolu-
tion cingulée) cause l'apparition de poin-
tes dans I’hypothalamus antérieur et poste-
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rieur, dans les noyaux dorso-médians et
ventrolatéraux.

Par la méthode de neuronographie phy-
siologique, A. A. Ward et W. S. Mc Cu-
lloch 1 ont montré chez le singe I'existen-
ce de projections corticohypothalamiques a
partir de la région orbitaire et aussi a par-
tir de la surface latérale de la région pré-
frontale.

Si les projections hypothalamo-cortica-
les et cortico-hypothalamiques sont d’une
importance majeure pour la régulation des
pulsions instinctivo-affectives, de l'activité
motrice, des sensations d’origine neuro-vé-
gétative, il existe d’autres systemes mis en
¢vidence par les travaux modernes de neu-
rophysiologie, d'une importance ¢galement
majeure; le systeme dit de projection tha-
lamique diffuse, et le systeme de controle
réticulaire du tronc cérebral.

Le =ystéme de projection thalamique dif-
fuse, découvert par Dempsey et Morison
(1942) est représenté dans le thalamus par
le centre médian, les noyaux intralaminai-
res, les noyaux anterior et ventralis ante-
rior, le pole céphalique du nucleus reticu-
laris. L'excitation électrique d'un quelcon-
que de ces noyaux provoque des ondes de
recrutement dans les autres noyaux du sys-

montrant les

Fig. 8. —
connections suggérées du noyau centro-
médian avec d’autres structures

Diagramme

(d'aprés P. Glees, 1946).
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teme et dans les régions frontale, cingu-
lée, orbitaire, pariétale et occipitale. Par
contre, les zones de réception ccrticale dite
spécifique (somatique, auditive et visuelle)
ne sont pas intluencces.

La formation réticulaire du tronc céré-
bral a fait 'objet des travaux de H. W.
Magoun qui despuis 1946, avec ses associés
(Rhines, Moruzzi, French, Starzl entre au-
tres) a démontré le role tant facilitant
qu'inhibiteur de cette formation sur l'ac-
tivité corticale, par l'intermédiaire du mé-
sencéphale et du diencéphale.

L’excitation de la formation réticulée du
tronc cérébral produit, on le sait, des réac-
tions d'éveil et medifie l'activité. Les af-
férents sensoriels branchés sur le systeme
réticulaire participent a la réaction d’éveil;
qu’il s’agisse de certaines excitations cuta-
nées, d'un fort bruit, d’une lumiere bri-
llante, de la distension d’un viscére creux,
les messages parviennent par cette voie au
diencéphale, aux noyaux thalamiques de
projection diffuse et au cortex. A 'inverse,
comme l'ont montré J. D. French, R. Her-
nandez-Peon et R. B. Livingston ** le cor-
tex exerce une action régulatrice corticifuge
sur le systeme réticulaire. La perturbation
de cette action peut expliquer certains
troubles au cours des maladies mentales et
apres lobotomie.

Il y a lieu de penser que l'action corti-
cituge influence aussi bien les activités sen-
sorielles que motrices. On concoit aussi que
la douleur puisse ¢tre modifiée par ce mé-
canisme lorsqu’on se souvient des travaux
chez le chat et chez le singe par J. M. R.
Delgado .

Effets produits par lésion des noyaux
dorsomédians

J. Hambery et H. Jasper ** ont montré
qu'apres destruction des noyaux dorsomé-
dians chez le chat, la stimulation du centro-
médian, sauf a sa partie inférieure, ne pro-
voque plus les réponses de potentiel évo-
qué sur le gyrus proreus.

D’autre part, L. Schreiner et ses asso-
ciés M, apres destruction des noyaux dorso-
médians chez le chat constatent une réac-
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tivité accrue aux stimuli tactiles aussi bien
nccifs que non nocifs, des réactions d’agres-
sivité, parfeis de la voracité, une incapacité
d’apprendre.

La destruction des noyaux intralaminai-
res provogue un ¢tat de léthargie, la des-
truction des noyaux antérieurs du thalamus,
une docilité particuliere. Devant ces résul-
tats, les auteurs concluent que les noyaux
dorso-médians transmettent a l'état normal
aux autres noyaux thalamiques I'influence
inhibitrice da cerveau préfrontal tandis que
les ncyaux antérieurs transmettent des in-
fiux faverisant un comportement agressif,

C. Pechtel et associés *, toujours chez le
chat, apres lésion des noyaux dorso-médians,
constatent des troubles de la mémoire et
du learning, une hyperactivité et une ab-
sence de crainte; ]J. M. Warren et K.
Akert *' font des observations comparables.

Effets produits par lésion des corps striés

Un grand nombre de travaux cat mis
I'accent sur le role des corps striés, notam-
ment de la téte des noyaux caudés, pour
I'interprétation des effets produits par lé-
sion préfrontale.

Cependant, les recherches d’'H. E. Ros-
wold et J. M. R. Delgado ™ montrent que
la stimulation ou la destruction par élec-
trocoagulaticn du noyau caudé produisent
des effets comparables, chez le singe, aux
effets des Iésions préfrontales: hyperactivi-
té, troubles gastrc-intestinaux, troubles de
I'apprentissage.

Rubinstein et Deigado 7 suppriment par
excitation caudée la réaction d’évitement,
chez le singe, d'un choc électrique. Le
méme effet avait été obtenu chez le chat
par R. L. Thompson %7,

Ces résultats peuvent s’interpréter par
I'intégration des noyaux caudés dans un sys-
teme ou participent les lobes frontaux et
aussi ’hippocampe.

L'interaction noyaux caudés - thalamus
peut aussi étre évoguée.

Dusser de Barenne et Mc Culloch (1938)
avaient montré que la stimulation du no-
yau caudé supprime l'activite thalamo-cor-
rcale.
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Les travaux récents de D. Albe Fessard
et associés* confirmés par A. M. Laur-
sen **, entre autres, nous apprennent quc
des stimuli somatiques, visuels et auditifs,
évoquent des potentiels évoqués sur les
corps striés, notamment sur la téte du no-
yau caudé aprés un relais thalamique.

G. Krauthamer et D. Albe-Fessard *’ ont
obtenu par stimulation de la partie dorso-
latérale de la téte du noyau caudé une in-
hibition des potentiels sensoriels non spé-
cifiques évoqués par stimuli périphériques.

A cote de leur action inhibitrice bien
connue sur l'activité scmato-motrice, les
corps striés, en particulier les noyaux cau-
dés, ont une action inhibitrice sur les af-
{érences sensitives non spécifiques.

La réalit¢é d’une représentation sensitive
d'un mode é¢lémentaire correspondant a la
sensibilit¢ protopathique de Henri Head
parait ainsi démontrée. Nous avons vu la
complexite de ce systeme dont les princi-
paux relais, depuis la mcelle, se font dans
la substance réticulée du tronc cérébral,
I’hypothalamus, les noyaux thalamiques de
ia ligne médiane, les corps striés, le cortex.

A cot¢ de ce systeme, on peut se de-
mander s’il n’existe pas un systeme sensitif
plus direct, intimement lié¢ au systeme au-
tonome, reliant la région hypothalamique
ventromédiane a la partic médiane des no-
vaux dorso-médians ct au cortex préfrontal,
notamment orbitaire.

Les réactions de rage survenant apres
destruction de la région hypothalamique
ventro-médiane ne seraient en effet que la
traduction d’une “denervation supersensiti-
vity” d’apres Glusman et Roizin %, Des
stimuli minimes, insuffisants a évoquer la
réaction de rage chez des chats normaux
produisent cette réaction aprés une telle
lésion. L’existence de voies de projection
hypothalamo-thalamo-orbitaire expliquerait
I'électivité des effets obtenus tant sur la dou-
leur que sur certaines réactions autonomes,
notamment digestives, par une intervention
destinée a interrompre la projection ventro-
médiane de la surface orbitaire par lobo-
tomie partielle ou électrocoagulation sui-
vant le procédé de Grantham *° appliqué

Vel B,
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en France par Cattan, Frumusan et Bucai-
lle ' a Ia pathologie digestive, ou encore
par voie cingulée basse, comme Le Bes-
nerais et moi-méme °7 l'avons proposé con-
tre les algies irréductibles.

AU COURS DES...

D’ importants probléemes concernant les
projections exactes de certaines modalités
sensitives et sensorielles associces au sys-
teme autonome restent a résoudre, proble-
mes aussi ardus que passionnants.

RESUME

1?  L'auteur rappelle ses constatations
expérimentales faites en 1937 avec J. Finan,
sur des singes opérés par J. F. Fulton:
I'ablation bilatérale du cerveau antérieur,
en respectant 'area 8 et 'area 0, détermine
des troubles sensitifs et sensoriels que la
seule observation montre évidents: pares-
thésie de la face et des extrémités, lacry-
mation anormale, réactivité augmentée a la
piqure, au froid, a la lumiére, aux bruits,
aux émotions.

Il est impossible de dissocier ces troubles
sensitifs et sensoriels de I'hyperactivit¢
motrice, au mode souvent automatique et
stéréotypé. Si I'’hyperesthésie est évidente,
elle peut aussi alterner avec des phénome-
nes d’hypoesthésie coincidant avec une ten-
dance cataleptique. Celle-ci, décrite pour
la premieére fois par R. W. Barris (1935)
chez le chat a été retrouvée par R. Messimy
et J. Finan chez le singe (1937) puis, par
R. Messimy *', chez le lapin (1939).

2?9 Ces réactions excessives aux stimu-
lations extérieures ont ¢t¢ vérifiées par
d’autres travaux expérimentaux, apres abla-
tion du cerveau préfrontal chez le singe,
notamment ceux de M. Kennard et associés
(1941 %%), Parmi ces stimulations, le role
de la lumiere est reconnu par tous, le role
du bruit associé a la lumiére a été démontré
par W. Isaac et de Vito (1958 37),;

La répercussion de la distractibilité sur
les réactions conditionnées, en particulier
sur la “delayed reaction” fut signalée par
C. F. Jacobsen (1935). L’influence des
stimulations externes sur cette réaction a
ét¢ démontrée par J. Finan(1939 '), par
R. B. Malmo (1942 *?), par Harlow et ses
associ¢és, notamment G. M. French.

De nombreux travaux ont montré que,
malgré la persistance d’'une réactivité dou-
loureuse, les réponses d’évitement de la
1966,
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douleur différée par choc électrique, sont
perturbées.

Dans tous ces cas, le caractére immédiat
des réponses rend compte, au moins par-
tiellement, des perturbations.

3% Chez I'bomme, au cours des lésions
préfrontales, K. Goldstein avait insisté sur
'hyperexcitabilit¢ sensorielle du coté op-
posé a la lésion.

En analysant 148 observations de tumeurs
trontales opérées par Harvey Cushing ou
ses ¢leves, I'auteur a montré (1939) la fré-
quence de I'hyperesthésie sensitive et senso-
rielle. Celle-ci a été retrouvée depuis aprés
lobotomie (W. P. Chapman, Rose et Solo-
mon '#; Petit-Dutaillis et R. Messimy %),
apres gyrectomie (R. B. Malmo **) ou to-
pectomie (F. A. Mettler *%; M. Feld et R.
Messimy '7) des aires 9, 10 et 46. Elle con-
traste avec la perte d’appréhension de la
douleur.

Les modifications de la sensibilité viscé-
rale digestive ou sexuelle sont d’apprécia-
tion difficile. Les modifications de la sen-
sibilité viscérale, récemment démontrées
par la cystométrie (J. Andrew et P. W.
Nathan, 1964 %) paraissent expliquer les
classiques phénomenes d’incontinence ou de
rétention apres lésion préfrontale.

Pathogénie. L'auteur invoque une libé-
ration de la sensibilité¢ dite protopathique
par H. Head mais le mécanisme intime
des troubles reste inconnu. Les systémes
thalamo-préfrontal et préfronto-thalamique
paraissent impliqués. Il est possible que
I'atteinte du systeme orbito-thalamo-hypo-
thalamique ou encore orbito-hypothalami-
que, dont I'importance pour la vie émo-
tionnelle, avait été soulignée par J. F. Ful-
ton, entre en jeu. Mais l'action bilatérale
des lobes frontaux, agissant comme un
tout semble aussi nécessaire.
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RESUMEN

1? El autor expone su labor experimen-
tal realizada en 1937 con J. Finan en monos
operados por J. F. Fulton: la ablacion bi-
lateral de los lobulos prefrontales dejando
intactas las dareas 8 y 6 da lugar a notables
perturbaciones sensoriales y sensitivas: pa-
restesias faciales y en las extremidades, al-
teraciones en la secrecion lacrimal, hiper-
reactividad frente a estimulos dolorosos,
frio, luz, ruidos, emociones. No se puede
disociar estas alteraciones sensitivas y sen-
soriales de la hiperreactividad motora, que
a menudo es estereotipada y carece de un
fin determinado.

Se observé una hipoestesia aparente
acompanada de una tendencia cataléptica.
Esta ultima, descrita originariamente por
R. W. Barris en el gato (1935) fue estu-
diada por R. Messimy y J. Finan en el
mono (1937) y mas adelante por R. Mes-
simy en el conejo’ (1939 °1).

2?  Otros trabajos experimentales pudie-
ron confirmar la hiperreacciéon a estimula-
ciones externas luego de la ablacion del
l6bulo prefrontal del mono; los de M.
Kennard et al. (1941 *%) reconocen am-
pliamente la accion de la luz mientras que
W. Isaac y de Vito (1958 %7) demuestran
la accion del ruido asociado a la luz.

C. F. Jacobsen (1935) observéo que Ia
distractibilidad puede alterar reacciones con-
dicionadas, especialmente la "‘reaccion re-
tardada”. La influencia de las estimulaciones
externas fue subrayada por . Finan
(1939 '), R. B. Malmo (1942 *"), Harlow
y colaboradores, particularmente por G. M.
French.

En varios trabajos se demostrd que cuan-
do persiste la reactividad a los estimulos
dolorosos se ve perturbada la eliminacion
del dolor retardado (mediante shock eléc-
trico). En todos estos casos el caracter in-

mediato de la respuesta explica, al menos
parcialmente, las perturbacicnes.

3¢ Eu el hombre K. Goldstein ya hace mu-
cao tiempe hizo nctar la hiperexcitabilidad
ceacorial del lado cpussto a una lesion
prefrontal. Luego de analizar 148 cascs de
tumores frontales, operados por Harvey
Cushing o sus colaboradores, e1 autor pudo
demostrar (1939) con que frecuencia ha-
bia hipzrestesia, sensitiva y sensorial. Este
hecho fue confirmado luego de practicarse
la lobotomia (W. P. Chapman, Rose vy
Solemon '*; D. Petit-Duraillis y R. Messi-
my '), la girectomia (R. B. Malmo ') o
la topectomia (F. A. Mettler *; M. Feld
vy R. Messimy '*) de las dreas 19, 10 y 46.

Esta hiperestesia aparece acompafada de
‘a desaparicién del temor al dolor.

Son mas diticiles de apreciar las modi-
ficacicres de la sensibilidad visceral, di-
gestiva o sexual. Los cambios de la sen-
sibilidad vesicular, comprobadcs reciente-
mente mediante cistometria (J. Andrew y
P. W. Nathan 1964 "), parecen explicar
los sintomas clasicos de incontinencia y
retencién posteriores a la lesion prefron-
tal.

Patogenia. El autor sugiere a manera de
explicacion, la liberacion de la "sensibili-
dad protopatica” (H. Head) pero el me-
canismo intimo de las perturbaciones si-
gue siendo desconocido. Parece existir una
relacion con los sistemas talamo-prefrontal
y prefrontotalamico.

Es muy probable que la lesion de los
sistemas Orbito-talamo-hipotalamico, cuya
importancia en la vida emocional fue sub-
rayada por J. F. Fulton desempene un pa-
pel importante; también parece revestir
gran importancia la acciéon bilateral de los
I6bules prefrontales funcionando como un
tedo.

SUMMARY

1°  The author reviews his experimental
work dene in 1937, with J. Finan, on mon-
keys operated by J. F. Fulton: the bilateral
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ablation of prefrontal lobes, sparing area
8 and area 6 gives rise to evident sensitive
and sensorial disturbances: Paresthesies of
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the face and of the extrcmities, abnormal
lacrymation, cverreactivity to pinprick, to
cold, light, soises, emoticas.

One cannot dissociate these sensitive and
sensorial disturbances from the motor hy-
peractivity, frequently purposeless and ste-
reotyped.

An apparcat hypocsthesia was also ob-
cerved, coexisting with a cataleptic ten-
dency. This tendency, first described by R.
W. Barris on the cat (1936) was seen by
R. Messimy and J. Finan on the monkey
(1937) and later by R. Messimy on the
rabbit (1939 71).

29 Other experimental works could ve-
rify overraction to external stimulations,
after ablation of the prefrontal brain of
the monkey: namely those of M. Kennard
and al. (1941 °%%). The action of light is
widely recognized, the action of noise as-
sociate to light was demonstrated by W.
isaac and de Vito (195877).

The distractibility can disturb the con-
ditionned reactions, especially the “delayed
reaction” as it was seen by C. F. Jacobsen
(1935). The importance of external cues
was stressed by J. Finan (1939 '%), by R.
B. Malmo (1942 '), by Harlow and co-
workers, specially G. M. French.

In ceveral works, it was demonstrated
that, if the reactivity to painful stimula-
tions persists, avoidance of delayed pain
(by electric shock) is perturbated.

In all these eventualities, the immediate
character of the response explains, at least
partially, the disturbances.

3° By man. K. Goldstein has, a long

time ago, stressed the sensorial hyperex-
citability on the opposite lesion of a pre-
tfrontal lesion.

Analysing 148 cases of frontal tumors,
operated by Harvey Cushing or his co-
workers, the author could show (1939)
how frequent was the hyperesthesia, sen-
sitive and sensorial. The fact was verified
after lobotomy (W. P. Chapman, Rose and
Solomon '#; D. Petit-Dutaillis et R. Mes-
simy "), after gyrectomy (R. B. Malmo V),
or topectomy (F. A. Mettler °%; M. Feld
and R. Messimy '") of the area 19, 10
and 46.

This hyperesthesia appears in contrast
with the loss of fear of the pain.

More difficult to appreciate are the
changes of visceral sensibility, digestive or
sexual. The changes of the vesical sensi-
bility, recently demonstrated by cystometry
(J. Andrew and P. W. Nathan 1964 %),
seen to explain the classical symptoms of
incontinency or retention after prefrontal
lesion.

Pathogeny. The author proposed, as an
cxplanation, a release of the “protopathic
sensibility” (H. Head) but the intimate
way of disturbances remains unknown.

The thalamo-prefrontal and prefronto-
thalamic systems seem to be concerned.

It is quite possible that the lesion of
the orbito-thalamo-hypothalamic systems,
of which J. F. Fulton has stressed the im-
portance for emotional life, plays an im-
portant part. But the bilateral action of
prefrontal lobes, acting as a whole, seems
alto very important,

ZUSAMMENFASSUNG

1) Der Autor fihrt auf seine Befunde
aus dem Jahre 1937 zuruck welche er mit
J. Finan auf Grund von Studien an von
J. E. Fulton operierten Affen ausfiihrte.

Bilaterale Ablation des Stirnhirnes, unter
Erhaltung von Area 6 und 8 verursacht
sensitive und sensorielle Storungen welche
schon allein durch folgende Beobachtung
auffallen: Parasthesien des Facies und der
Extremitiaten, abnormale Trianenbildung,

Sumber G-d4. 1966,

Yol 5.

erhihte Reaktivitit bei Stechen, Kailte,
gegeniiber Licht, Lirm und Emotionen.

Es ist unmoglich diese sensitiven und
sensoriellen Storungen von der motilen
Uberaktivitat zu trennen, welche oft in
automatischer und stereotypischer Weise
aufterice,

Die evidente Hyperesthiasie kann auch
abwechselnd mit einer Hypoesthisie, zu-
gleich mit kataleptischer Tendenz auftre-
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ten. Diese wurde zum ersten Male von R.
W. Barris (1935) bei Katzen gezeigt und
wurde von Messimy und Finan beim
Affen und spater von Messimy °' beim
Kaninchen aufs Neue beschrieben.

2) Diese iibermissigen Reaktionen auf
aussere Reizungen haben sich auch bei
anderen experimentalen Versuchen, nach
Ablation des Stirnhirnes beim Affen be-
wahrheitet, (M. Kennard und seine Mitar-
beiter (1941 %%).

Bei diesen Reizungen spielt das Licat
eine grosse und allgemein bekannte Rolle,
ebenso wie der Einfluss von Lirm, zusam-
men mit dem des Lichts, wie es von W.
Isaak und de Vito (1958 *7) beschrieben
wurde.

Die Einwirkung der Zerstreutheit auf
die konditionellen Reaktionen, insbesonde-
re die “delayed reaction” wurde von Ja-
cobsen (1935) beobachtet.

Der Einfluss #usserer Reizungen auf
diese Reaktionen wurde von J. Finan
(1939 '5), Malmo (1942 **), Harlow und
Mitarbeitern, insbesondere von G. M.
French beschrieben.

Zahlreiche Arbeiten haben gezeigt dass,
cbwohl die Reaktivitit fur Schmerzemp-
findung erhalten blieb, die Reaktivitdt bei
differierter Schmerzvermeidung (elektr.
Schock) gestort ist.

In allen diesen Fillen ist die Unmittel-
barkeit der Reaktionen, zumindest teil-
weise, eine Erklirung fur die Stérungen.

Beim Menschen, in den praefrontalen
Lasicnen hat K. Goldstein auf die sen-

sorielle Hyperexzitabilitit der der Lision
gegeniiberliegenden Seite hingewiesen.

In 148 Beobachtungen von Hirntumoren,
welche von Harvey Cushing und seinen
Schiilern operiert wurden, hat der Autor
die Hiaufigkeit der sensitiven und senso-
riellen.

Hyperesthisie festgestellt. Man fand diese
von neuem nach Lobotomie (W. Chapman,
Rose u. Solomon '*; Petit-Dutaillis et Mes-
simy ), nach Gyrectomie (R. B. Mal-
mo 1) oder Topectomie (F. A. Mettler °%;
Feld et Messimy '") der Areas 9, 10 und
46. Sie steht im Gegensatz zum Verlust
des Angstgefiihls vor Schmerzempfindung.

Die Veranderungen der viszeralen Sen-
sibilitit (Verdauung oder Sexualitit) sind
schwer zu ermessen.

Die Verinderungen der vesikalen Sensi-
bilitit welche letzthin durch Zystometrie
gezeigt wurden (]J. Andrew u. P. W.
Nathan, 1964 *) scheinen Inkontinenz oder
Retension nach praefrontaler Ldsion zu
erkliren.

Pathogenie. Der Autor vermutet eine
Freimachung der sogenannten protopathi-
schen Sensibilitat (H. Head). Das thalamo-
praefrontale und das praefronto-thalami-
sche System scheinen in Mitleidenschaft
gezogen.

Es ist moglich dass die Lasion des orbito-
thalamo-hypothalamischen Systems, dessen
Bedeutung fiir das Gefiihlsleben von J. F.
Fulton hervorgehoben wurde, eine wichtige
Rolle spielt. Aber die beidseitige Action
der Stirnlappen welche als global anzuse-
hen ist, erscheint ebenso wichtig.
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L'Agraphie Secondaire aux Lesions

du Lobe Frontal

I. RAPPEL HISTORIQUE

L’existence d’une agraphie frontale fut
déduite des patientes recherches anatomo-
cliniques d’Exner (1881) qui confrontant
méthodiquement tableaux cliniques et to-
pographies lésionnelles dans les observa-
tions de lésions corticales de la littérature,
remarqua une relative prévalence des at-
teintes de la deuxieme circonvolution fron-
tale gauche lorsqu'une agraphie était pré-
sente et en inféra l'existence d'un centre
graphique au niveau du pied de F2, homo-
logue du centre de Broca au niveau du
pied de F3 — Henschen (1922), qui devait
cenfirmer cette hypothése par ses études
personnelles, atrribuait au pied de F2 la
valeur d'un centre psychique superposé au
centre moteur de la main et des doigts.

En fait, en dehors de la relation de fré-
quence ¢tablie par Exner, seul le cas de
Gordinier (1899) s’iascrit en faveur d'un
centre graphique. Rappelons qu’il s’agissait
d’'un gliome de 2 cms. de long si¢geant au
niveau du pied de F2, s’enfoncant en direc-
tion du ventricule latéral et intéressant la
substance blanche de F1; la malade érait
incapable d’écrire de I'une ou autre main
et I'on ne pouvait identifier, dans ses pro-
ductions graphiques, que quelques lettres;
il n'existait aucun trouble du langage par-
I¢, ni de la lecture; secondairement, 'auteur
observa un ralentissement du débit oral,
sans symptomes aphasiques.

Wernicke, puis Déjérine rejetérent vigou-
reusement la notion d'un centre graphi-
que autonome, sur le double argument que

Vel 5. Number -4, 1966,

par H. HECAEN et R. ANGELERGUES *

I'écriture restait entierement sous la depen-
dince du langage en général et qu'ell:
n'c¢tait pas, quoiq habituellement effectuée
avec la main dominante, la fonction privi-
légiée d'une partie du corps comme la pho-
naticn érait celle des muscles bucco-velo-
laryngés. Cependant, I'agraphie frontale
demeure dans ces conceptions, puisqu’elle
existe a la suite de l'atteinte du centre de
Breca, mais elle est étroitemente liéde au
trouble de la parole. Avec Pierre Marie au
contraire disparait la notion d’une agraphie
frontale, puisque I'agraphie est toujours
secondaire 4 la lésion de la zone de Wer-
nicke et que, d’'une facon générale d’ail-
leurs, pour cet auteur, le lobe frontal ne
joue aucun role dans la réalisation du lan-
gage. Avec ce qu'il nomme la "graphoplé-
gie”’ (agraphie totale), par opposition aux
agraphies du pli courbe (écriture copiée)
et temporale (écriture sous dictée). Pitres
réhabilite l'agraphie frontale. Plusieurs
auteurs, en acceptant une “‘agraphie motri-
ce”, notion généralement distinguée de cel-
les d’ “agraphie optique”, “agraphie apha-
sique”, “agraphie apraxique”, etc...., de-
meurent aussi implicitement cu explicite-
ment fideles a 1'agraphie frontale. Nielsen,
reprenant les conceptions de Henschen, en
distinguera deux variétés: I'agraphie fron-
tale type F3 et I'agraphie frontale type F2.

Penfield et Roberts (1959) ont rapporté

* Travail du Centre Neurochirurgical de
I'Hopital Sainte-Anne (Dr. Mazars) et de la
R.C.P. N® 41 (Dr. Hécaen) C.N.R.S. et
avec l'aide de ' N.S.E.R.M.
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un cas d’agraphie observée aprés excision
d’une cicatrice épileptogzne d’origine trau-
matique si¢geant au niveau des 2eme et
3eme circonvolutions frontales. Alors que
le langage parlé était normal et que l'en
notait seulement une petite difficulté a la
lecture 2 voix basse, I'écriture spontanée e
sous-dictée érait trés cltérée au Y9eme jour
aprés l'intervention, mais a un examen
pratiqué treis mois plus tard, 'agraphie
avait disparu.

En vérite, si 'on excepte 'agraphie i:-
tégrée dans 'e cadre de l'aphasie motrice
certicale des classiques ou de I'aphasie de
Broca et le role que la lésion frontale peut
jouer dans le déterminisme de ces syndro-
mes, I'agraphie par lésion frontale est d'cb-
servation extrémement rare, constatation
qui nous parait peu compatible avec la no-
tion d’'un centre graphique frontal.

Il. SITUATION DES SYMPTOMES AGRA-
PHIQUES DANS LES DESORGANISA-
TIONS SECCNDAIRES AUX LESIONS
FRONTALES

1 Llagraphie dans la symptomatologie
d‘ensemble des lésions corticales

Si nous comparons, sans tenir compte de
la localisation I¢sionnelle, les tableaux cli-
niques observés chez 257 sujets droitiers
porteurs de Iésions hémisphériques gau-
ches, selen que P'agraphie était présente
(121 cas) ou absente (136 cas), nous cons-
tatons une pette augmentaticn de fréquen-
ce de certains symptomes lorsque I'on passe
du groupe sans agraphic au groupe avec
agraphie: alexie (de 19,85 % 2a 66,66 %),
alexie des chiffres (de 6,5 9% a 50,45 %),
anarithmétie (de 19,83 % a 77,47 9%, apra-
xie idéatoire et idéo-motrice (de 2,94 9% a
33,88 9% ), apraxie constructive (de 17,05 %
a 45,33 %), aphasie de Broca (de 9,55 %
a 40,49 %), aphasie sensorielle (de
18,38 9% a 48,76 %), troubles sensitifs (de
19,85 % a 38,97 9%), détérioration intel-
lectuelle (de 13,97 9% a 26,44 %) et réac-
tions de catastrophe (de 19,85 % a
34,71 %).
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Si I'on excepte donc la détérioraticn in-
tellectuelic et les réactions de catastrophe
a l'origine desquelics une atteinte frontale
peut éventuellement étre invoquée, et qui
représentent d'ailleurs les symptomes dont
I'augmentation de fréquence est le moins
marqué, les associations symptomatiques les
plus remarquables ne tendent pas a relier
'agraphie a l'arteinte frontale, si I'on s'en
uvent a la fréquence du trouble de I'écri-
ure,

Si l'on considire les symptomes pure-
~-ent moteurs de I'aphasie, nous les voyons
au centraire remarquablement diminuer
de frégquence du groupe sans agraphie
(22,05 ¢5) au groupe avec agraphie
(3,50 %).

2° Agraphie et trouble de la parole

Cette disjonction entre aphasie motrice
et agraphie est confirmée par une ¢tude
que nous avons conduite sur 214 cas de lé-
sions hémisphériques gauches dont la topo-
graphie a été ¢rablie avec précision par
vérification opératoire ou nécropsique.
Pour ce:te érude, nous avons attribué a
chaque symptome aphasique une valeur
numérique allant de zéro (intégrité totale)
a 4 (disparition complite). Dans chaque
groupe topographique, nous avons pu
ainsi détérminer un indice moyen de dé-
sorganisation pour chaque modalité de
trouble du langage en divisant le total des
valeurs numériques des cas du groupe par
'e nombre de cas.

Si agraphie et troubles de I'articulation
sont sensiblemente au meéme niveau au
cours des lésions fronto-temporales (res-
pectivement 1,15 et 1) et relativement d'un
degré analogue au cours des lésions fronto-
pari¢tales (respectivement 1,18 et 1,45) et
fronto-pariéto-temporales  (respectivement
2,33 et 1,85), nous observons une disso-
ciation trés nette en faveur de l'agraphie
lorsque le centre de gravité de la I¢sion de-
vient plus pcstérieur (3,66 contre 0,15 lors
des lésions pariéto-temporo-occipitales),
mais aussi une dissociation en faveur des
trcubles de larticulation lors des lésions
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frontales (0,30 contre 0,05) et rolandiques
(0,44 contre 0,22).

L: premiére de ces disscciations confir-
me seulement un fait d'évidence, a savoir
la multiplicité des formes de I'agraphiz et
i relation étroite de certaines d’entre clles
avec la désorganisation totale du langage
ou la désorganisation plus particulizre du
langage écrit; la deuxieme tendrait a dis-
joindre l'agraphie d’expression des pheno-
meénes moteurs de la parole.

Si ncus comparoas, selon qu’il existe ou
non une lésion frontale, I'indice des trou-
bles articulatoires a celui des troubles de
I"écriture, nous veyons le premier s’élever
de 0,316 dans le groupe sans lésion fron-
tale a 0,766 dans le groupe avec lésion fron-
tale alors que l'indice de l'agraphie dimi-
nue du groupe sans Iésion frontale (1,379)
au groupe avec lésion frcatale (0,840).

Considérée dans son ensemble, 'agraphic
n'apparait donc pas essentiellement comme
un symptome d’origine- frontale, mais ce
{ait ne permet nullement de rejeter, aussi
rare soit-elle, I'existence d'une variété fron-
tale de lagraphie et sa spécificité neuro-
psychologique. II conduit simplement a
une certaine réserve quant a l'existence
d'un centre spécialisé directeur ou coordi-
nateur des mouvements de I'écriture au ni-
veau des circonvolutions frontales, sans ce-
pendant impliquer que I'agraphie présumée
frontale ne représente qu’un aspect contin-
geat et rare de 'aphasie motrice.

Si I'agraphic représente en effect un des
¢léments de l'aphasic d’expression dont
lorigine lésionnelle dépend d'une lésion
antérieure frcatale ou rolandique basse,
nous voyons aussi que l'atteinte de 1'écri-
ture n'est pas strictement parallile a celle
du langage parlé. Une certaine autonomi-
sation de l'écriture par rapport a l'expres-
sion orale se manifeste donc. Est-il des cas
cu cette absence de parallélisme est telle
qu'elle justifie la conception de I'agraphie
pure de Exner? 1ls sont cert2zinement excep-
tionnels et nous avons dit que seul le cas
de Gordinier parmi ceux auxquels il est
fait classiquement référence, mérite d’étre
retenu, encore qu'avec quelques réserves,
puisqu’il ne comporta qu’une vérification
anatomique macroscopique,
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Ill. L'AGRAPHIE COMME SYMPTOME PRI-
VILEGIE AU COURS DES LESIONS
FRONTALES

Nous avons eu l'occasion d’examiner un
sujet ne présentant aucun trouble du lan-
gage parlé ni de la lecture mais atteint
d’agraphie trés accusée. Il existait aussi
chez lui une anarithmétie quasi-totale. La
seule réserve provient du niveau mental et
scolaire prémorbide de ce sujet, trés ce:-
tainement peu ¢levé. L'observation ncus a
paru néanmoins valable pour deux rai-
cons: parce qu d'une part le malade, comme
son pire, soutenait que ses difficultcs
d’écriture étaient apparues aprés le trauma-
tisme et que d'autre part, dans la phase sui-
vant immédiatement un équivalent épilep-
tique, les difficultés graphiques s'accrois-
saient considérablement, ¢n accusant la
méme forme de désorganisation.

On doit admettre semble-t-il l'origine
Iésionnelle frontale de cette agraphie mais
sans autre précision malgré l'ablation de
la zone épileptogene sur la face interne
droite, malgré aussi la porencéphalie fron-
tale droite constatée a l'encéphalographie
gazeuse, é¢tant donné la dilatation ventricu-
laire et le léger syndrome pyramidal droit.

Observation N? 1. — G. Jean-Alain. 28
ans sujet fruste sans CEP, gaucher écrivant
de la main droite (indice 0,3 - 2 freres
guchers).

Epilepsie post-traumatique ayant néces-
s5ité une ablation de la zone épileptogene
dans la région prémotrice parasagittale
droite trois ans aprés le traumatisme.

A T'examen 5 ans apr¢s l'intervention,
on ne note qu'une hémihyperextensibilité
et hémihyperreflectivité tendineuse droites.
Aucun trouble des gnosies et praxies.

Auwucun trouble du langage en dehors de
Pécriture.

Agraphie: le malade ne peut écrire co-
rrectement que son nom et encere sous for-
me de signature. Dans I'écriture de I'adres-
se les dysorthographies sont considérables:
60 bouvars jean jcres bon broncen (60
Boulevard Jean Jaures Bordeaux).

Si les lettres sont en général bien écrites
sous-dictée sauf V pour W, ] pour K, gu
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pour q, a I'écriture des mots dictés appa-
raissent immédiatement des erreurs par ex:
chaise: hesen, crayon: creilon; coq: goce;
arbre: abre; village: l'ilge. ..

Dans la dictée des courtes phrases, outre
les dysorthographies on remarque que les
blancs ne sont pas placés aux endroits cor-
rects par ex: il febau, il fait baus au jour-
duin, je vous dret meu promenet.

L’écriture avec des cubes alphabétiques
donne les mémes résultats, ainsi les mots
dictés maison, village, bateau, océan,
vent. .. sont écrits metxon, vilage, bateus,
aucean, vems. . .

La phrase il fait beau aujourd’hui et je
voudrais aller me promener est composée:
Il fetbeut ot joudui je voudret alet meun
pruat meunet,

La copie est beaucoup plus satisfaisante
et on ne constate que peu d’erreurs (d
pour de, metson pour maison).

L'épellation est troublée comme I'écritu-
re: chaise: H.A....; crayon: reiyom; ba-
gue: bace; soulier: coulier. . .

Lorsqu’il doit choisir parmi plusiers or-
thographes d’'un méme mot celle qui est
correcte, il y réussit 6 fois sur 10.

De courtes phrases écrites par l'obser-
vateur avec une orthographe défectueuse
sont considérées comme sans signification
par le malade.

Au cours de I'examen le malade présen-
te un équivalent comitial et immédiate-
ment aprés les performances graphiques
sont encore plus perturbées. Ainsi, (entre
parenthéses la performance avant la crise)
cheval (cheval) chauene; maiscn (mai-
sons) encans; lampe (lampe) lasipans. ..

L’ecriture des chiffres isolés ou des nom-
bres de 3 chiffres au plus est en général
correcte mais pour les plus grands nombres
les erreurs sont constantes et du type sui-
vant 1510: 100050010, c’est a dire respec-
tant les chiffres mais en y intercalant des
0, ce qui oralement correspond a la pro-
nonciation du nombre.

Le calcul est également trés troublé. Si la
lecture des nombres est possible jusqu'a 5
chiffres, le calcul mental, les opérations
arithmétiques sont impossibles. Le malade
ne peut également apprécier la valeur de
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position des chiffres que jusqu’aux uniccs
de mille.

Examnien psychométrigue:

QI verbal 75.

QI performance 88.

Indice de détérioration 49 %.
PM. 38:22 en temps libre.
Test de Benton: 1/10.

E.E.G. foyer de pointes rapides dans la
region prérolandique droite; aprés une
crise séquences de pointe-ondes irrégulieres
bifrontotemporales.

Encéphalographie fractionnée: dilatation
des ventricules dans leur ensemble avec
image de porencéphalie frontale droite.

Cette observation parait donc témoigner
en faveur de la possibilité d’une agraphie
isolée trés voisine de l'agraphie constatée
lors des aphasies d’expression: désorganisa-
tion du graphisme, mot avec choix aléatoi-
re et non phonétique de ses constituants,
agrammatisme, relative préservation de
I'écriture copiée, absence de difficulté de
réalisation des graphémes, troubles de
I'épellation et de I'écriture avec des cubes
alphabétiques.

Nous rapprocherons de ce cas I'observa-
tion d'un sujet atteint de tumeur fronto-
diencéphalique gauche, observation assez
sommaire en raison de I'état du sujet.
L'écriture copiée est ici également conser-
vée et on ne note aucun trouble de la réa-
lisation des graphe¢mes. Le trouble du lan-
gage oral existe ici mais n’est représenté
cue par ure aphasie amnésique impor-
tante.

Observation N? 2. — P. Léonce - droi-
tier - 55 ans - chauffeur de car.

Etat de subobtusion avec bradypsychie
trés marquée et akinésie. Le langage spon-
tané¢ ne révele aucune déformation arthri-
que. La compréhension verbale est conser-
vée, bonne exécution du test de Head d’imi-
tation des mouvements main, oeil, oreille.
Pas de trouble de la lecture.

Aphasie amnésique trés marquée.

Ecriture: s'il peut écrire correctement ses
nom, prénom et adresse des paragraphies
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considérables surviennent dés qu’il essaie
de décrire sa maladie “c’est toujours diman-
che au (2 mots raturés) jour de suute de
sunte”.

L'écriture sous-dictée montre les mémes
troubles: alors qu’il lui est dicté “a 'ombre
du protocole leurs regards”... il écrit
d’abord “a leur eur couper”, puis rature
ces mots et écrit de nouveau’ a leur ordre
du Couparage du e”. Pri¢ d’écrire “il fait
beau aujourd’hui et je voudrais aller me
promener” il trace il faut (un mot ratu-
ré) oublier et je vous aller aller (raturé)
embrasser peur nous restrer’.

La copie d’une courte phrase est par con-
tre bien exécutee.

Calcul: Bonne lecture et écriture des chif-
fres et nombres. Calcul mental non troublé
mais anarithmétie totale, les nombres sont
bien posés mais le principe de l'opération
est totalement absent. Aucun trouble des
praxies.

Pas de troubles de la somatognosie a I'ex-
ception d’une certaine confusion entre an-
nulaire et auriculaire et annulaire et index
dana al désignation sur ordre verbal.

Pas de troubles des gnosies visuelles.

Bonne reproduction des structures ryth-
migues.

Hémihyperextensibilité droite.

Intervention: gliome préfrontal gauche
infiltrant les faces orbitaire et interne et
s'infiltrant en profondeur en direction de
la région diencéphalique.

Cette observation n’est pas sans rapport
aussi avec celle de Penfield et Roberts ou
I'agraphie apparut transitoirement aprés
excision frontale gauche.

Une troisi¢me de nos observations si elle
se presente comme dissociée de tout trouble
du langage oral et de la lecture et, par cer-
tains de ses caractéeres, comme proche de nos
premiers cas, ne peut étre considérée comme
témeignant uniquement d'une lésion fron-
tale. 1l s’agit en effet d'une démence pré-
sénile ol l'atrophie cérébrale pour prédo-
miner dans la région frontale n’en est pas
moins généralisée. On la retiendra surtout
en raison des troubles de I'écriture encore
que dans ce cas existent quelques difficultés
149635
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de réalisation des lettres et que la copie soit
loin d’étre intacte.

Observation N? 3. — R. Clotaire - d-oi-
tier - 58 ans - magasinier pas de CEP.

Adressé du Centre Neurochirurgical
Saint-Anne pour céphalées frontales et oe-
d2me papillaire, troubles de la mémoire et
de l'attention, inertie, apragmatisme, sur-
venus depuis 18 mois. Cependant il n’a ces-
¢ son travail qu'une semaine avant I’hospi-
talisation.

Le sujet est bien orienté dans le temps
et l'espace, est au courants des faits du
monde extérieur; son comportement té-
moigne avant tout d’'un manque d’initiative.

A l'examen: le langage oral ne présente
aucune perturbation, Iinertie extréme
aboutissant souvent a des réponses mono-
syllabiques, a wune pauvreté phrastique
considérable et a des persévérations dans
les tests de transformation.

Dans la lecture, on note des oublis de
parties de mots ou de syntagmes dépendant
des troubles de I'attention et de I'appréhen-
sion d'un message tant soit peu complexe.
Par contre, les ordres présentés par écrit
sont bien exécutés.

Ecriture: 'écriture spontanée est trés ré-
duite en raison de l'inertie du sujet. Dés
les noms et prénoms les erreurs se mani-
festent (Clotairn pour Clotaire), I'adresse
est illisible: 52 BRU (mot illisible barré)
Jole... tr (5, rue Salengro) nom de vil-
lage 1llisible, pour le département (Oise)
¢crit quatre O bien séparés.

Dans l'écriture sous-dictée il tend a re-
noncer rapidement a la tache, il trace des
lettres correctement soit en cursives soit en
majuscules sauf R.C.B. Pour bol écrit bobo
laver: laves; leberté: dioflili; vase: vonot;
Paris: voinovoré, etc.. ..

La dictée des syntagmes est caractérisée
par la séparation des ¢léments du syntagme
(blancs graphiques en place) par le volu-
me graphique conforme a l'usage du mot
correct (fils est écrit fifi et femme est in-
diquée par une ligne ondulée, par 'absen-
ce d’hésitation quand le mot est remplacé
par la ligne ondulée, par la présence de
paragraphies dues a I'oubli des graphémes
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mo pour mon, par la présence de schémas
inverses pour certaines lettres (f, d).

Dans la dictée des monosyllabes sans
sens, l'erreur est constante mais le graphe-
me initial qu’il met en majuscules, est en
général correct de méme que les voyelles.
Dans les disyllabes 'erreur est constante, il
débute presque toujours par C ou Ch et
met 2 syllabes. Il refuse tout essai aux tri-
syllabes.

La copie des lettres majuscules est servile
mais relativement exacte avec cependant
quelgues traits idéographiques indiquant le
passage par la verbalisaticn. Il en est de
méme dans la copie des mots et de quel-
ques dissyllabes sans signification. A noter
de grandes difficultés a engager le schéma:
le b de bol et le L de liberté sont surchar-
gés et on constate une absence de ligature
entre les graphemes.

L'écriture avec des cubes alphabétiques
aboutit a des erreurs aussi marquées a 'ex-
ception de son nom qui est bien composé:
par exemple Table est ¢crit B.L.O.P.E;
Foste: R.P.L.O. etc.... ces erreurs sont
d’ailleurs recoanues du malade quand il
se relit. Si on ne lui donne que les lettres
entran: dans le mot qu’il doit écrire I'échec
est éga'ement toral.

L'épellation manifeste aussi des pertur-
bations trés importantes méme pour son
nom e: prénom (CLOTEUHL).

Calcul: §'il parvient a écrire les chiffres
et les nombres de 3 chiffres, les erreurs
sont ccnstantes pour les plus grands nom-
bres (1748 — 1348; 10632 — 1042). La
lecture des nombres est bonne. L'anarith-
métie est totale et le calcul mental trés
troublé.

Aucun trouble des praxies, buccolinguo-
faciales, idéon:iotrices, idéatoire et de 1'hz-
billage.

Praxie constructive: le dessin sur ordre
de formes simples est bien réalisé de méme
que la cooie d’'un modé¢le de maison et de
bicyclette mais celle d'un cube ou d’'une
pyramide est impossible.

Aucun trouble de la somatognosie ni des
gicsies visuelles.

366 ~

Eximen neurologique: hémihyperexten-
sibilité droite, hypotonie faciale droite.
Examen psychométrig:e: affaiblissement
intellectue! global.
Wechsler-Bellevue:
QI verbal: 76.
QI performance: SI.
Test de Benton: 0 sur 10.

Cubes de Krox: 2 réussites
épreuves,

sur 18

Examen EEG: bouffées d’ondes lentes
rythmiques bilatérales a maximum anté-
rieur et altérations plus polymorphes pre-
dominant en frontal gauche.

Encéphalographie gazeuse: atrophie gé-
néralisée corticale et sous corticale prédo-
minant nettement dans les régions fron-
ta'zs.

Une 4eme observation s'inscrit dans la
ligne des nrécédentes en méme temps
qu'elle montrz la liaisen avec les aphasies
d’expression. D’aillcurs la lésion ne peut
¢tre considerérée comme strictement fron-
tale, atteignant lors de l'examen clinique
au moins les circonvolutions rolandiques,
I'extension parié¢tale pouvant par contre
n'avoir pas encore existé a cette ¢poque. Les
troubles du langage oral sont ici présents:
dysprosodie, léger agrammatisme, acci-
dents phoniques, léger trouble de la com-
préhension, mais leur intensité est sans
rapport avec celle de la déscrganisation de
I'écriture qui est totale a partir de morphz-
mes. L'écriture copiée est par contre pres-
gue conservee.

Observation N? 4. — Petitb. .. Lucien
- 53 ans - Droitier - Tourneur; interné a
la suite d'un état confuso-onirique d’origi-
ne alcoolique et adressé au Centre Neuro-
chirurgical en raison d'un foyer EEG tem-
peral gauche.

Le langage spontan¢ est caractéris¢ par
une pauvreté de l'énoncé mais avec adé-
quation de la réponse, avec interruptions
continuelles du débit par une dysprosodie
légere avec tendance a I'agrammatisme, par
de rares et minimes fautes articulatoires et
par un trouble de I'évocation verbale.

La répétition et surtout la lecture a hau-
te voix mettent en ¢évidence des accidents

Vil § —
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phoniques (mutations phoniqucs, bafouil-
lage, wtlescopages).

Léger degré d’aphasie amnésique (12 ré-
penses exactes sur 15 objets présentés).

La compréhension verbale est relative-
ment peu troublée (échecs aux ordres com-
plexes mais bonne réussitc aux tests de
Kleist). Bonne exécution des tests gramma-
ticaux.,

La lecture des lettres et mots est bonne.
Il exicute bien les ordres simples et semi-
complexes mais ¢échoue aux ordres comple-
xes. Paralexies considérables dans la lecture
a haute voix.

Ecriture: il parvient a écrire son nom e:
adresse mais paragraphies considérables dés
qu’il tente de décrire sa maladie: “quel
peint (mot rayé) boul qui mede blesser” ou
de rédiger une lettre a sa femme: “chérie
(rayé) femmes je se le compredre de 2
gosses de la (2 mots rayés) boucher. “Ten-
tant de se relire il déclare "“je ne croyais
pas ¢tre aussi malade que ca”.

Sous-dictée il écrit bien 9 lettres sur 10
(w transcrit u), 3 mots sur 7 (roue —
ruoce; liberté: libertie; Bordeaux: Bordaut;
microphone: monnigero).

Aucune syllabe sans signification n’est
bien transcrite: vera pour vara, torva pour
gobi, tuque pour lorn, repa pour ropa,
chedot pour chokabé, delesque pour ta-
kopi.

Une courte phrase je mange est bien
transcrite mais la phrase le livre est ouvert
est écrite “tu te envoimen’ et pour z/ fait
beau aujourd’hui et je voudrais aller mc
promency il trace "il se firai pour elle qui
reporert que réperont répére’.

Avec des cubes alphabétiques il parvient
a écrire con prénom, bol, col et vrar, mais
pour monarchie écrit monarche, pour an-
noncer anicnone.

Aucune transcription de logatome n'est
correcte: ainsi vori pour vara, minon pour
mifo, ropain pour ropa, lur pour loru,
etc. La copie ne montre que de légeres
erreurs: que pour qui, votrer pour voter,
rearmrem pour réarmement.

L’épellation est a peu prés totalement im-
possible: Bol: b... H, table: TABS, regle
CCEA, etc... .

LUnG
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Caleu!: Si la lecture des chifrres isolés
ne donne lieu qu’a une erreur, la lecture
des nombres est constamment crronce.

L'écriture des chiffres isolés cst correcte
et on ne note que J erreurs sur 9 nombres
de 2 a 6 chiffres.

Les opérations arithmétiques sont bien
cxécutées mises a part quelques erreurs de
calcul. Les signes arithmétiques sont bien
reconnus, la valeur de position des chiffres
dans un nombre bien appréciée.

Les problemes simples d’arithmétique
sont bien réussis. Lo calcul mental est bien
exécuté lorsqu’il s'agit de la table de mul-
tiplication,

Aucun trouble des praxies et des giio-
sies. Impossibilit¢ de reproduire des ryth-
mes d2 plus de deux éléments.

Examen meurologique: ‘émihyperexten-
stbilit¢ d-oite - parésie faciale droite.

Astéréognosie main droite avec abolition
de la dermolexiz et élargissemment des com-
pas de Weber. Extinction a la piqure si-
multinéz en faveur de 'hémicorps gauche.

E.E.G. foyer polymorphe temporoparié-
tal gauche.

Artériographie carotidienne gauche pa-
raissant pormale.

Aggravation brutale deux mois plus tard
des troubles d= la parole, hémiplégie
droite.

I2terveniion: Tumeur Kkystique affleu-
rant au cortex au niveau du pied de F2.

Décés 2 mois plus tard. A lautopsie: fo-
yer cperatoire au niveau de F2-F3, avec for-
mation tumorale intéressant la partie basse
des circonvolutions rolandiques, la circon-
volution pariétale inférieure et se prolon-

geant en profondeur.

Ces 4 observations, a des degrés divers,

témoignent de la possibilité d’une agra-
phie dissoci¢e ou d’intensit¢ non parallzle
a celle des troubles du langage oral au
cours des lésions frontales. Le caractére gé-
néral des troubles de I'écriture les rappro-
che de I'agraphie des aphasies d’expression.

Au contraire, I'observation suivante tend
a évoquer la possibilité d'un agraphie d’'un
type différent au cours des lésions de ce
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lobe et a le rapprocher de l'apraxie fron-
tale telle que décrite par Denny-Brown.

Observation N¢ 5. — Mme. T. Cécile -
51 ans - gauchere, écrivait de la main droite
(hérédité familiale de gaucherie).

Adressée le 15.10.1948 pour des équiva-
lents comitiaux, une bradypsychie, des cé-
phalées et des vertiges évoluant depuis
deux ans. L'examen met en évidence un
Iéger syndrome pyramidal gauche avec pa-
ralysie faciale gauche de type central mais
surtout une hypertonie de type opposition-
niste des extrémités gauches. Grasping re-
flex de la main gauche avec groping. Stase
papillaire. L'étude du psychisme révele un
etat de bradypsychie avec obtusion légere
sur lequel se manifestent des tendances
euphoriques.

L'intervention (3.11.48) permet 'ablation
d'un méningiome frontal de la convexité
droite.

Les jours suivants, I'obtusion persiste et
méme s’accroit pour s'atténuer progressive-
ment, la réaction de préhension persiste du
coté gauche.

L’examen le 17-11-48 révele qu’il n’existe
pas de troubles du langage parlé a I'excep-
tion d’une impossibilité de croiser a 1'imi-
tation du test main-oeil-oreille de Head,
alors qu’elle précise a haute voix les mou-
vements de l'observateur. Par contre les
troubles de I'écriture sont extrémement im-
portants: alors que vraisemblablement per-
siste la forme des lettres et des mots, le
résultat est illisible en raison de la super-
position des lignes, des mots et des lettres
avec multiplication des jambages et d’une
facon générale itération de toutes les formes
graphiques en particulier des arrondies. 1l
s'ensuit un gribouillage illisible dont
émergent cependant quelques mots presque
corrects a quelques répétitions de jambages
ou a une itération de lettres prés.

Le 26-11-48 le grasping gauche a disparu,
de méme que I'hypertonie; la malade est
lucide, mais présente une labilité de I'hu-
meur variant de l'euphorie a la sensible-
ric avec pleurs et attendrisement sur son
sort. A I'examen on ne note qu'une parésie
faciale, une hémihyperextensibilit¢ et un
signe de Rossolimo gauches. L’écriture est
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améliorée, mais les troubles sont du méme
type: itérations et multiplications des jam-
bages.

Le 4-3-49 les troubles de I'humeur sont
nettement améliorés, mais il existe toujours
un puérilisme important. L’écriture est
maintenant quasi-normale, cependant on
constate encore une tendance a multiplier
les jambages.

Chez cette malade gauchére il n’existait
pas de troubles du langage oral et les trou-
bles de I'écriture sont avant tout caracté-
risés par des itérations avec multiplication
des jambages des lettres, telles qu'on les
rencontre, mais en genéral de facon moins
marquée, lors des lésions du carrefour pos-
térieur de I'’hémisphére mineur chez le
droitier. Le grasp reflex ne peut en ren-
dre compte puisqu’il n’existait que du co-
t¢ gauche, mais une liaison entre ces deux
phénomenes pathologiques doit étre au
moins suspectée lorsqu’on envisage cette
question en fonction des 3 observations Gui
vont suivre.

Dans la premiere d’entre elles, due a un
méningiome de la face interne du lobe
frontal, le trouble de I'écriture ne revérait
pas le méme aspect que dans I'observation
précédente et témoignait d’'un trouble de
type praxique: difficulté a tracer les lettres
et a respecter les espaces entre les mots
avec cependant copie presque conservée.
D’autre part, bien que la réaction de pré-
hension ne fut pas présente, on constatait
une trés nette apraxie idéomotrice unilaté-
rale gauche. Trouble de I'écriture et apraxie
unilatérale disparurent aprés ablation de la
tumeur,

Observation N 6. — P. Henri-Julien -
71 ans - droitier - menuisier.

Début des troubles par une impossibilité
de I'écriture et méme de la signature, ainsi
qu'une impossibilité des gestes fins de la
main droite en méme temps que une dif-
ficulté pour trouver les mots.

A T'examen du langage 6 mois aprés le
début des troubles, on ne constate qu’un
certain ralentissement du débit, une cer-
taine tendance écholalique et une certaine
difficulté a trouver les mots inhabituels. 1l
n'existe pas de troubles de la compréhen-
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sion ni de la lecture; a la répétition des
mots et logatomes, les erreurs sont mini-
mes: affaiblissement des finales, quelques
persévérations. Il échoue a dénommer 2 des
15 objets présentés.

Ecriture: 11 ne parvient a écrire, et de
facon peu lisible que son nom et son pré-
nom, mais ne réussit pas a écrire son
adresse.

Sous-dictée, I'écriture est encore plus dif-
ficile: pour 7/ fait beau aujourd’hui il écrit
il fat ba; une autre phrase est écrite de fa-
con illisible, les espaces entre les mots
n'étant pas respéctés. Les noms des objets
présentés sont écrits de facon correcte mais
peu lisible. Avec des cubes alphabétiques
il compose sans erreur les mots dictés.

La copie d’une courte phrase est bien réa-
lisée, mais avec beaucoup de difficultés; il
ne peut terminer une seconde phrase, le
temps est a l'or (orage).

Il transcrit bien en cursive des mots
¢crits en majuscules et copie bien des mots
€crits en caractéres russes Ou grecs.

L’épelaltion est bien exécutéeé.

Calcul: pas de troubles de la lecture et
de l'écriture des chiffres et des nombres.
Parmi les opérations arithmétiques, seule
I'addition est bien exécutée et encore avec
une légere erreur. Les signes arithmétiques
sont bien reconnus, la valeur de position
des chiffres dans un nombre bien appréciée.

Praxies: Apraxie buccolinguofaciale 1¢é-
gere — Apraxie idéomotrice wunilatérale
gauche — Praxies mélokinétique, idéatoire,
de lbabillage et constructive normales.

Awucun trouble des gnosies,

Examen: hémiparésie droite légere (lé-
gere diminution de la force musculaire des
doigts et de la flexion avant-bras sur bras)
avec parésie faciale droite. Absence de tou-
te réaction de préhension. Absence de trou-
bles sensitifs.

Intervention: Méningiome parasagittal
de la région prémotrice gauche.

Un mois plus tard disparition de tous les
symptomes préopératoires.

Nous avons constaté un tableau clinique
trés voisin dans deux autres observations.
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Rien que la lésion frontale interne, pour
trés probable qu’elle fut, ne représente que
la prévalence d’un processus beaucoup plus
diffus, nous les présenterons en soulignant
I'intensité et le caractére nettement apraxi-
que des phénomenes agraphiques, la pré-
sence d’apraxie de I'habillage et construc-
tive, l'agnosie spatiale unilatérale si accu-
sée dans un cas qu'elle perturbe la lecture
et légere dans l'autre. En effect, I'apraxie
unilatérale avec réaction d’esquive ou de
préhension forme avec ce type d’agraphie
un syndrome dont l'origine nous parait de-
voir étre recherchée dans les lésions fron-
tales, si on se réfire aux deux cas de tu-
meurs plus haut présentés.

Observation N? 7. - —Gr— Adolphe -
64 ans - droitier - cultivateur.

Il est adressé au Centre Neuro-chirurgi-
cal Sainte-Anne pour trouble de la mémoi-
re, céphalées, difficultés motrices du mem-
bre supérieur gauche apparus depuis deux
ans ainsi qu'une impossibilité d’écrire et des
difficultés de la lecture.

On ne constate aucun trouble du langage
parlé.

La lecture est troublée en raison d’une
impossibilité de passer d’une ligne a 'autre
dans un texte et d'une négligence de la
partie gauche du texte et méme des mots
dés qu’ils sont un peu longs. Les lettres et
les mots courts sont par contre bien lus.

Ecriture: le malade précise de lui-mémz
“depuis un an je ne peux méme pas signer’’,
L'agraphie est en effet totale: il ne peut
tracer que des boucles lorsqu’il tente d’écri-
re son nom. S'il doit copier un mot il tente
de repasser sur le contour des lettres (clo-
sing in), il parvient a peine a copier une
ou deux lettres mais U est transformé en
O et T est accolé au modele.

Avec des cubes alphabétiques il ne par-
vient pas a construire son nom (GB pour
GRU. . .et échoue totalement pour son pré-
nom.

Lorsqu’il doit choisir parmi des lettres en
désordre celles nécessaires a la composition
de mots dictés les résultats sont les sui-
vants, il construit bien aprés quelques co-
rrections BOL, TROU, LIT, mais BANC
est construit BAT; nuit: NUI;, papa: AP-
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PA. Si on ne lui donne que les lettres en-
trant dans le mot, les résultats sont égale-
ment errones, méme pour son NOM:
RCU... pour GRU... et son prénom
PAEODHL (Adolphe), papa est construit
PPAA et relu comme Papa.

L'épellation montre également des per-
turbations importantes: Adolphe: ADF. . .;
luneite: PU...; cigarette; SE...SR.G; ba-
gue: BA; montre: M...P; lampe: L...
P, ete

Calcul: D'écriture des chiffres est impos-
sible, il trace des traits et des boucles non
identifiables sauf 4 et 12.

La lecture n’est possible que jusqu’aux
nombres de deux chiffres. Toute opération
arithmétique est impossible, méme si on lui
en écrit les termes et si on lui fournit des
cubes chiffrés pour écrire les résultats.

Le calcul mental n'est possible que pour
les opérations trés simples.

Praxies: Apraxie idéomotrice gauche trés
accusée, apraxie mélokinétique du membre
supérieure gauche. Impossibilité d’imiter
les mouvements coordonnés sans significa-
tion des deux mains. Apraxie de I'habilla-
ge, Apraxie comnstructive avec phénomene
de closing in.

Absence d’apraxie bucco-linguo-faciale
et d’apraxie idéatoire,

Aucun trouble de la somatognosie.

Pas de troubles des gnosies visuelles, en
dehors des symptomes d’agnosie spatiale,
agnosie spatiale wunilatérale gauche trés
nette, frouble des notions topographiques
et de la mémoire topographique.

A Pexamen neurologique il n’existe au-
cun trouble parétique ni sensitif, ni attein-
te du champ visuel. Il existe une dispo-
sition de résistance du membre supérieur
gauche constamment gardé en flexion sur
la poitrine et une réaction d'esquive de
cette main avec retrait de l'avant-bras. A
droite cn constate au contraire une réac-
tion de prébension et d'aimantation.

Réflexe de la moue trés accusé. Limita-
tion des mouvements oculaires volontaires.

Etat mental: affaiblissement intellectuel
treés léger.
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Encépbalographie gazeuse: dilatation
ventriculaire prédominant au niveau du
ventricule droit. Dilataticn des espaces
sous-arachnoidiens, en particulier de la fa-
ce interne du lobe frontal droit.

Observation N? 8. — D... Jeanne - 74
ans - droitiére - caissiere,

Adressée pour raideur progressive du
membre supérieur gauche, difficultés de
I’habillage et de I'écriture apparues depuis
deux ans. On ne constate awucun trouble
du langage oral ni de la lecture.

Ecriture: elle ne parvient pas a écrire son
nom correctement ni son prénom (Jane
puis janes pour Jeanne).

Grandes difficultés a écrire des lettres
isolées “je ne peux pas fermer la lettre”,
dit-elle, ne fermant pas les boucles des let-
tres telles que d ou g ou écrivant o pour
f, e pour l. La copie de lettres en cursives
révele les mémes difficultés, par exemple
la copie d’'un d aboutit a deux ovales con-
centriques avec un appendice supérieur. Le
plus souvent, qu’il s’agisse d’écriture co-
pi¢e ou dictée, le phénomene fondamental
est Vinversion des mouvements: elle hésite
sur la direction (droite ou gauche, haut ou
bas) a prendre, se trompe et cherche a co-
rriger, aboutissant a un graphisme illisible.

Si elle doit copier son nom écrit en cur-
sives, elle le transcrit correctement, mais,
s'il est écrit en majuscules, elle copie servi-
lement les premiéres lettres avec des inver-
sions puis termine correctement en cursi-
ves. Elle copie plus aisément des mots écrits
en cursives, mais en séparant les syllabes.

Avec des cubes alphabétiques, elle par-
vient a écrire quelques mots: table, ciga-
rette, cheval, liberté. ..

Dans de courtes phrases les erreurs appa-
raissent (il fait beau; il fai beau; le live
te beu pour le livre est beau).

Epellation: elle parvient a épeler correc-
tement chaise, justice, bol, mais échoue a
fauteuil (FAUTEUL), monarchie (MO-
NAUI), fenétre (FEUTRE), république
(REPUBUE), etc.. ..

Calcul: bonne lecture des nombres jus-
qu’'a 4 chiffres. L'écriture des chiffres et des
nombres a deux chiffres est bien réalisée.

Vol, 5.
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Dans les plus grands nombres apparaissent
des erreurs: 148: 14 puis un gribouillage;
264: 26 puis forme intermédiaire entre 9
et 4; 1233: 1333; 120457: 12457.

Avec des cubes numériques les résultats
sont bons a 'exception de 7532: 70532.

Dans les opérations atrithmétiques, elle
parvient a poser les termes, semble avoir
conservé le principe de 'opération mais se
trompe dans les calculs et néglige les rete-
nues.

Quelques erreurs dans I'appréciation de
la valeur de position des chiffres dans un
grand nombre et dans la reconnaissance des
signes arithmétiques.

Calcul mental: relativement conservé.

Praxies:
guo-faciale.

net degré d'apraxie-buccolin-

Apraxie idéomotrice gauche avec quel-
ques erreurs dans I'exécution des gestes
avec la main droite.

Impossibilit¢ de reproduire les mouve-
ments coordonnés des deux mains exécutés
devant elle par l'observateur.

Absence d’apraxie idéatoire.

Apraxie de I'babillage trés accusée.

Apraxie constructive quasi-totale avec
conscience de I'échec.

Aucun trouble de la somatognosie.

Bonne reconnaissance des objets, images,
couleurs et physionomies.

Données spatiales: Bonne orientation
chez elle, dans son quartier et dans le ser-
vice. Les notions topographiques apparais-
sent conservées mais perturbées par une
certaine négligence de l'espace gauche qui
ne se manifeste d’ailleurs que dans cette
tache.

Impossibilité de reproduire en tapping
la moindre structure rythmique.

L'examen neurologique est négatif a I'ex-
ception d’'une disposition de résistance ex-
trémement marquée du membre supérieur
gauche avec réaction d’aimantation trés
accusée et reaction de préhension de cette
main. A noter que la préhension n’apparait
que sous controle visuel et cede sur ordre.

Faible tendence a la réaction de préhen-
sion du coteé droit.
196G,
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Grasp-reflex bilatéral du pied.

L'examen psychométrique montre un ni-
veau trés inférieur a la moyenne (QI 76 au
W.B. niveau IV au P.M. 38) mais les re-
sultats a 1'échelle de performance (apra-
xie) abaisse considérablement le Q.I. Le
niveau verbal est cependant inférieur a la
moyenne (échecs aux chiffres et proble-
mes). Indice de détérioration pathologique
non significatif au Benton, hautement sig-
nificatif au W.B. mais I'échec massif a
I’échelle performance ne permet pas d’en
tenir compte de facon absolue.

A lencéphalographie gazeuse légere di-
latation ventriculaire prédominant a droite
avec sillons plus marqués dans la région
suscalleuse antérieure droite.

IV. COMMENTAIRES

L’agraphie “frontale”, dans la mesure ou
ce qualificatif établit une lésion stricte avec
la désorganisation isolée de ce lobe, est donc
d’'une extréme rareté. Cependant, on ne
peut en contester radicalement I'existence
car certains cas plaident trés fortement en
faveur de sa réalité.

Si l'agraphie n’apparait d’autre part
qu'exceptionnellement dans sa variété stric-
tement frontale, le role privilégié de la
lésion frontale dans le cadre d’une désorga-
nisation plus globale doit étre retenu dans
le déterminisme des troubles de I'écriture,
comme en témoignent nos observations.

Le mécanisme de I'agrahie frontale, pure
ou non, n'en est pas pour autant univoque.
Ainsi avons nous pu en distinguer deux
variétés: une agraphie plus ou moins inté-
grée dans une aphasie d’expression et une
agraphie située dans le cadre d’une désor-
ganisation du geste.

La premiere éventualité, que nous sem-
ble d’ailleurs la moins directement liée a
I'atteinte frontale étant donné le role des
lésions rolandiques souvent associées, con-
cerne spécifiquement I'utilisation du code
graphique. Il nous parait a ce sujet indis-
pensable de rappeler que, dans le cadre gé-
néral des troubles du langage, le role dé-
sorganisateur de la lésion frontale sur I'en-
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codage graphique reste quantitativement
mineur par rapport a celui de la lésion pa-
ri¢tale; mais la lésion frontale, conjointe-
ment a la lésion rolandique, produit une
qualité différente du trouble de I'écriture.
Aucun argument décisif ne permet d’admet-
tre ou de rejeter un role privilégié du pied

de F2.

La deuxi¢me éventualité nous parait en
fait plus caractéristique de 'agraphie fron-
tale et semble bien ressortir aux mécanis-
mes de l'apraxie d’aimantation, telle que
I'a décrite Denny-Brown, sans que le trou-
ble du graphisme puisse étre directement
expliqué par les phénomenes toniques.

RESUME

Apres un bref rappel historique de la
question et une étude statistique sur la fré-
quence du trouble de I'écriture lors des di-
verses lésions cérébrales qui montre la ra-
reté de I'agraphie frontale, 7 observations
sont présentées qui a des degrés divers
plaident cependant en faveur de I'existence
de troubles de I'écriture en rapport avec les
lésions du lobe frontal.

Si l'agraphie n’apparait d’autre part
qu’exceptionnellement dans sa variété stric-
tement frontale, le role privilégié de la lé-
sion frontale dans le cadre d’une désorga-
nisation plus globale doit étre retenu dans
le déterminisme des troubles de I'écriture,
comme en témoignent nos observations.

Le mécanisme de l'agraphie frontale, pu-
re ou non, n’en est pas pour autant univo-
que. Ainsi avons-nous pu en distinguer
deux variétés: une agraphie plus ou moins
intégrée dans une aphasie d’expression et
une agraphie située dans le cadre d'une
désorganisation du geste.

RESU

Luego de una breve resefia historica acer-
ca del problema de la agrafia frontal y de
una estadistica acerca de la frecuencia con
que se producen modificaciones en la escri-
tura como consecuencia de diversas lesio-
nes del cerebro, que demuestran que la
agrafia frontal es poco comun, son presen-
tados algunos casos que confirman sin em-
bargo la existencia de perturbaciones de la
escritura relacionadas con lesiones fronta-
les. Si bien la agrafia frontal pura se da
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La prémicre éventualité, qui nous sem-
ble d’ailleurs la moins directement liée a
'atteinte frontale étant donné le role des
lésions rolandiques souvent associées, con-
cerne spécifiquement I'utilisation du code
graphique. Il nous parait a ce sujet indis-
pensable de rappeler que, dans le cadre ge-
néral des troubles du langage, le role dé-
sorganisateur de la lésion frontale sur I'en-
codage graphique reste quantitativement
mineur par rapport a celui de la lésion pa-
riétale; mais la lésion frontale, conjointe-
ment a la lésion rolandique, produit une
qualité différente du trouble de I'écriture.
Aucun argument décisif ne permer d’ad-
mettre ou de rejeter un réle privilégié du
pied de F 2.

La deuxiéme éventualité nous parait plus
caractéristique de l'agraphie frontale et
semble bien ressortir aux mécanismes de
I'apraxie d’aimantation, telle que I'a décrite
Denny-Brown, sans que le trouble du gra-
phisme puisse étre directemente expliqué
par les phénomenes toniques.

M EN

excepcionalmente debe tenerse presente la
importancia de la lesiéon frontal dentro del
cuadro de una desorganizacién global que
da lugar a perturbaciones de la escritura,
como lo comprueban nuestras observa-
ciones.

Sin embargo ya se trate de un mecanis-
mo puro o no, la agrafia frontal puede ma-
nifestarse de diversas formas. Hemos dis-
tinguido hasta ahora dos tipos: la agrafia
integrada en mayor o menor grado a una

Val, 5.
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afasia expresiva y la agrafia dentro del cua-
dro de la desorganizacion de los gestos.

El primer tipo, que pareceria ser el me-
nos directamente vinculado a una lesién
frontal teniendo en cuenta la frecuencia
con que se acompana de lesiones rolandi-
cas, se refiere esvecificamente al uso del
codigo grafico. A este respecto debe tener-
se presente que acntro del cuadro de las
perturbaciones del lenguaje, el papel desor-
ganizador de las lesiones frontales es cuan-
titativamente menor que el de una lesién
parietal; mientras la lesion frontal acompa-

SUM

A brief reminder of the history of the
problem of frontal agraphia is giveén, to-
gether with statistics concerning the fre-
quency of writing disorders connected
with different cerebral lesions and show-
ing that frontal agraphia is rare. Several
cases are then presented which do, how-
ever, plead for the existence of writing
disorders connected with frontal lesions.

Although actual frontal agraphia is ex-
ceptional, it can hardly be denied as cases
prove that a frontal lesion is most impor-
tant, as far as a more global disorganisa-
tion is concerned in determinig disorders
of writing.

Nevertheless the mechanism of frontal
agraphia whether this be pure or not, is
no of a single sort. We have so far distin-
guished two sorts: agraphia, more or less
an integrate part of an expressive aphasia
and agraphia, part of a gestual disorgani-
zation.

nada de la rolandica da lugar a una per-
turbaciéon de otra naturaleza. Ningun ar-
gumento decisivo permite aceptar o deste-
rrar la posibilidad de que el pie de F2 de-
sempefne un papel preponderante.

El segundo tipo de agrafia parece ser mas
caracteristico de la agrafia frontal y pare-
ceria corresponder al mecanismo de la apra-
xia magnética descrita por Denny-Brown
aunque las perturbaciones graficas no pue-
den ser directamente atribuidas a fenéme-
nos ténicos.

MARY

The former kind of agraphia, which
would seem to be the less directly related
to a frontal lesion (considering the fre-
quently associated rolandic lesions) con-
cerns specifically use of the graphic code.
Here it must be borne in mind that, in the
general framework of disorders of langua-
ge, the role of a frontal lesions is lesser, in
quantity thant that of a parietal lesion, as
far as he disorganization of graphic enco-
ding is concerned: whereas the frontal le-
sion in conjunction with the rolandic le-
sion, produces a different quality of writ-
ing disorder. No decisive argument has
been found of or against a major role of
the foot of F 2.

The second kind of agraphia seems more
characteristic of frontal agraphia and
would seem to correspond to the mecha-
nisms of magnetic apraxia as described by
Denny-Brown although tonic phenomena
may not be held a direct explanation of
graphic disorders.

ZUSAMMENFASSUNG

Es wird eine kurze Geschichte ueber das
Problem der Frontalen Agraphie gegeben
zusammen mit einer Statistik ueber die
Haeufigkeit der Schreibstoerungen bei vers-
chiedenen Hirnschaedigungen. Es wird so
— Number -4, —
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gezeigt, dass die frontale Agraphie selten
ist. Es werden verschiedene Faelle vorge-
fuehrt welche indessen fuer die Existenz
von Schreibstoerungen bei frontalen Schae-
den sprechen.
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Obwohl die frontale Agraphie selten ist,
kann sie schwerlich abgeleugnet werden, da
ja Faelle beweisen, dass die frontalen laesio-
nen sehr ernst sind, in so weit als es sich
um eine ausgedehntere Deorganisierung
handelt, die die Schreibstoerungen verur-
sacht.

Immerhin ist der Mechanismus der einfa-
chen oder kombinierten frontalen Agra-
phie, nicht einfacher Art. Bisher haben wir
zwei  Arten unterscheiden koennen: die
Agraphie als einem mehr oder weniger in-
tegralen Teil einer expressiven Agraphie
und die Agraphie als einem Teil der Deor-
ganisierung der Gesten.

Der erstere Typ der Agraphie, welcher
weniger direkt mit frontaler Lasion in Ver-
bindung stinde (wenn man die haeufig
vergesellschafteten Laesionen der regio Ro-
landica in Betracht zieht) bezieht sich
hauptsachlich auf den spezifischen Ge-
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brauch eines graphischen Schluessels. Man
muss dabei wissen, das im allgemeinen Ge-
ruest der Sprachstoerungen, die Rolle der
frontalen Laesion quantitativ weniger
wichtig ist, als eine parietale Laesion, so-
weit es sich um die Deorganisierung der
graphischen Schlisselung handelt. Dage-
gen erzeught die frontale Laesion verbun-
den mit der rolandischen Laesion eine an-
dere Art der Schreibstoerungen. Es ist kein
entscheidendes Argument fuer oder gegen
eine groessere Rolle des Fusses von F2 ge-
funden worden. Die zweite Art von Agra-
phie scheint mehr charakteristisch fuer
frontale Agraphie zu sein und entspraeche
dem Mechanismus der magnetischen Apra-
xie wie sie von Denny-Brown beschrieben
worden ist, obwohl die tonischen Phaeno-
mene nicht als direkte Erklaerung der
Schreibstoerungen angesehen zu werden
brauchen.
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Psychological Deficits Associated
with Frontal Lobe Lesions

O. L. ZANGWILL

The National Hospital, Queen Square, London, England.

Defects following injury to the frontal
lobes have traditionally been sought in the
highest intcllectual operations of the hu-
man mind, and in some cases have indeed
been found' # * 7 ' But in many others
they undoubtedly have not '* *7, The rea-
sons for this inconsistency are many and
varied. The age at which the patient sus-
tains his brain damage is undoubtedly one
factor, though its precise significance is far
from easy to assess “' *%. Another may well
be the extent to which actual loss of cere-
bral tissue is complicated by more exten-
sive neurophysiological dysfunction 1%
Then, too, methodological snags of all
kinds abound. Teuber " has recently re-
minded us of the hazards inherent in the
study of single cases and the no less se-
rious —if less widely recognised— hazards
that arise in the study of groups of cases.
But even when we make every allowance
for such hazards, it still cannot be said that
any clear and consistent effect of frontal
lobe damage upon intellectual performan-
ce has as yet been convincingly demons-
trated.

I do not wish in this paper to review
carlier studies of frontal lobe defects or to
present new material on any scale. My aim
is simply to draw attention to certain is-
sues raised by earlier workers and to sug-
gest some fresh lines of inquiry. As Teuber
(1964) has urged, quite new approaches
will be necessary if we are to clear up the
many contradictions generated by earlier
Number -4,
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inquiries. If we can but find the right ques-
tions to ask, I cannot believe that the stu-
dy of frontal lobe function will prove as
unrewarding in the future as it has in the
past.

The frontal lobes and cerebral dominance

The first question 1 would like to ask is
concerned with cerebral dominance. Ever
since Jefferson '" claimed to show that in-
relligence and personality are affected no
more adversely by removal of the left than
of the right frontal lobe, it has been tacit-
ly assumed that the prefrontal areas are
not subject to cerebral dominance.

Jefferson’s claim derived considerable
support from the careful work of Rylan-
der 7, who showed that measurable intelel-
lectual defect after operation on the fron-
tal lobes is no more severe after left-sided
than after right-sided excisions. While ac-
cepting this evidence, I must admit that
I have always found inferences drawn
from it with regard to the equipotentia-
lity of the prefrontal areas vaguely unsa-
tisfactory. If, as most people believe, cere-
bral dominance involves a genuine functio-
nal asymmetry, it is difficult to accept that
it involves only part of a cerebral hemis-
phere and does not extend to the whole of
it. Furthermore, even if no inherent supe-
riority can be ascribed to the left frontal
lobe, the very fact that it forms part of the
dominant hemisphere must surely affect in
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some degree its position vis-a-vis its fellow.

With these doubts in mind, I have re-
cently reviewed the literature to see whe-
ther there is any evidence of a differential
effect of unilateral frontal lesions. To my
surprise, I soon came upon such evidence,
and precisely in the sphere in which one
might most reasonably exvect to find i,
namely that of language and speech This
evidence comes from two main sources:
first, the older work on traumatic brain
injuries, mainly from World War I; and
secondly, more recent studies of leucotomy
and lobectomy using various measures of
verbal fluency.

Teuber ** has recently reminded us of
the merits of Feuchtwanger’s study * of 200
cases of penetrating frontal gun-shot
wounds. It should be noted that cases with
injury involving the central convolution or
Broca’s area were expressly excluded from
his series. Ncne the less, Feuchtwanger
drew attention to the incidence of what
he called “cerebral language disorders” on
20.9 p.c.of his patients with left-sided but
only 2.4 p.c. of his patients with right-si-
ded injuries. This would seem to indica-
te a significant association with lesions of
the dominant hemisphere.

Very similar findings were reported by
Kleist '% In his monumental Gehirnpatho-
logie, he describes a group of 13 patients
with left-sided frontal injuries well outside
the speech areas who showed marked de-
fects in thought and language, and a
further 9 patients whose defects were res-
tricted to verbal thought processes alone.
In Kleist’s view, these defects are not only
specific to the left frontal lobe but bear
a definite relation to the site of injury
within it. Thus he placed particular stress
on the posterior portion of the second
froatal convolution, area 9 of Brodmann,
in relation to defects of verbal thought.

The defects described by Feuchtwanger
and Kleist are (1) A certain loss of spon-
taneity of speech, in the absence of arti-
Culatory disorder; (2) Difficulty in evok-
mg approprlate words or phrases, amount-
ing on occasion to frank 1grammatlsm
(3) In some cases, definite impairment of
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verbal thought processes. It is pointed out
by Kleist that in view of their unilateral
character, these disorders cannot be attri-
buted to hypokinetic changes of a gene-
ral kind, which occur indifferently with le-
sions of either hemisphere,

These early observations appear to have
been largely forgotten perhaps in reaction
against extreme views of cerebral localiza-
tion. I have also been unable to trace re-
ports of similar speech defects dating from
World War II, but it is possible that their
relative mildness caused them to be over-
looked. There are, however, definite indi-
cations that the loss of wverbal fluency
which has been noted by several worker‘;
after bilateral prefrontal leucotomy *% ¢
is due to involvement of the left hemle-
phere. In a recent report, Milner*' calls
attention to a striking difference between
cases with left-sided and right-sided frontal
lobe excisions in performance on Thursto-
ne’'s Word Fluency Test. Although her
groups are small, the differences she re-
ports are none the less statistically signi-
ficant. In this connection, it is noteworthy
that relatively greater impairment of ver-
bal as opposed to non-verbal ability has
been reported to follow unilateral left-si-
ded leucotomv *?, and that changes in
speech rate after such an operation have
also been recorded *. All in all, a prima fa-
cie case can be made for a laterality effect
in relation to lesions of the frontal lobes.

Although I have as yet no systematic evi-
dence on this issue. I have had occasion to
study a number of patients with anterior
left-sided cerebral lesions. some of whom
have obresented verbal defects extremely
reminiscent of those described bv Feucht-
wanger and Kleist. Indeed 1 think the con-
dition is best described as 2 minimal erade
of verbal avhasia in the sense of Henry
Head '*. Although there is no acticulatorv
defect. spontaneous speech is sparse and
there is a noteworthy disinclination to en-
gage on tasks, such as intelligence tests,
which call for sustained verbal effort. Al-
though conversational speech may appear
normal and there is absolutely no nominal
defect, the patients complain of real diffi-
culty in evoking appropriate words and
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phrases. As one such patient put it: "Every-
thing is there in my head but I can’t bring
what I'm saying to my mouth”. This lack
of fluency is well brought out on tests of
the kind used by Milner*' and is also
shown on certain of the tests of 'divergent
thinking’ which are described below. In-
deed the defect is evidenced in the evoca-
ticn of ideas no less than of words. But
the extent to which there is intellectual
defect apart from, or in addition to, the
defect of evocation must remain conjec-
tural.

I think it may be concluded that left-
sided frontal lesions give rise to high-grade
defects of thought and speech which are
seldom found with comparable lesions of
the right hemisphere. Whether these de-
fects are due directly to localised prefron-
tal lesions, as argued by Kleist '%, or whe-
ther they depend upon remote effects of
the lesion on the speech areas, cannot at
present be answered. But I think there is
a case for regarding the left frontal lobe
as closely linked with the machinery of
language and as very much a component
part of the dominant hemisphere.

"Convergent” and “divergent” thinking

I would like now to turn to the vexed
question of intellectual defect after injury
to the frontal lobes. As is well known, the
evidence is inconclusive and often contra-
dictory. It seems clear, however: that con-
ventional measures of intelligence such as
the 1.Q. may show little change after exten-
sive frontal lobe operations. For examble,
Hebb and Penfield's famous patient, - K.M_,
achieved an 1.Q. of 98 after extensive bi-
lateral excision of frontal tissue ! 7. At the
same time, many clinicians view such find-
ings with scepticism. As they know only
too well, patients who acauit themselves
adequately on psychometric examination
may none the less exhibit gross deficiencies
in their everydav behaviour. It is probable,
then, that the forms of deterioration to
which patients who have sustained frontal
Jesions are subject are not apparent on the
conventional tests of intelligence.

Vol 8. Number 3-4. — 1966,

There is another aspect of intelligence
tests that has recently given cause for con-
cern and though apparently remote from
neurology may not be without relevance to
this issue. In educational psychology, it has
become abundantly clear that the 1.Q. does
not provide a reliable indication of poten-
tial creative achievement . This shortcom-
ing has led to much research on new tests
which it is hoped may provide more satis-
factory evidence of latent originality or,
as the Americans say, creativity. A num-
ber of these tests have been based on the
distinction between “convergent” and “di-
vergent” thinking, which we owe to Guil-
ford !'!. In what he calls “convergent” thin-
kings, the aim is to discover the one right
answer to the problem set. It is highly di-
rected, essentially logical thinking of the
kind required in science or mathematics.
It is also the kind required for the solution
of most intelligence tests. In “divergent”
thinking, on the other hand, the aim 1s to
produce a large number of possible an-
swers, none of which is necessarily more
correct than the others though some may
be more original. Such thinking is marked
by its variety and fertility rather than by
its logical precision. According to Getzels
and Jackson ?, who have done much of the
pioneer work on this field, "divergent”
thinking plays a most important part in
creative thought.

We have recently embarked on a pilot
study of the effects of brain damage on
“divergent” thinking, using some of the
tests devised by Getzels and Jackson *. The-
se are essentially tests of intellectual re-
sourcefulness. One consists in asking the
subject to give as many uses, probable or
possible, for a given object as he can think
of. Another consists in giving the maximum
number of meanings which a particular
word may possess. Our preliminary find-
ings suggest that tests of this kind give
marked difficulty to frontal lobe patients.
On the Uses of Objects test, for example,
they tend to embroider on the main or con-
ventional use of an object, often failing to
think up other less probable uses. This is

comewhat remiriscent of the inability to
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switch from one principle of classification
to another that has so often been described
on sorting tests *’. Here is an example: The
patient, a man of 52 who had sustained so-
me left-sided anterior cerebrovascular da-
mage, achieved a WAIS 1.Q. of 114. He
had no manifest aphasia. When asked to
think of as many uses as he could for a
brick, he replied as follows:

“Other than building houses: (to) make
fences, sties, pigsties, — use them as paths.
(I've got a little patch of garden edged
with bricks). Could be used in rough way
in roofing. Fancy bricks could be used in
putting up a facade of a building to make
it look attractive. It’s also used for build-
ing pier attractions (?foundations) in the
water to build bridges on.”

Only when asked to specify possible uses
of a single brick, other than for building
purposes, did the patient add.

“To throw at anybody. As a door stop.
No uses after that”.

A second patient, admittedly pretty de-
teriorated, could only say:

“When building a house you have to
join bricks together”. When pressed, how-
ever, he admitted that “you could call a li-
keable person a “brick” .

It is my suspicion —at present no more
than this— that, thinking is more affected
in its “divergent” than in its “convergent”
aspects by lesions of the frontal lobes. That
is to say, there is a loss of ideational fer-
tility directly comparable to the loss of ver-
bal fluency which has already been descri-
bed. This defect, 1 suspect, underlies the
loss of imagination so often ascribed to
the leucotomised patient, and may indeed
account for the banal and stereotyped form
so often taken by his attempts at original
composition **, If “divergent” thinking
genuinely relates to creativity, it may be in
this sphere that the frontal lobe patient
reveals his most basic handicap.

The regulative function of speech
Lastly, I would like to touch on an ap-

proach to the problem of frontal lobe func-
tion which we owe to A. R. Luria. In se-
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veral recent communications, Luria and his
co-workers have proposed that an impor-
tant outcome of damage to the frontal lo-
bes is failure of what they call the regula-
tive function of speech '™ '™ ', So far as
i understand this notion, it means the ca-
pacity to initiate, direct and control action
in accordance with verbal instructions, whe-
ther given by others or self-imposed. As
Luria quite rightly points out, such con-
trol is acquired relatively gradually in child-
hood and represents an important evolu-
tionary advance in the regulation of ac-
tion '7, So far as 1 am aware, however, he
has presented no direct evidence to suggest
that the frontal lobes are specifically in-
volved in this developmental process.

In a recent paper Luria, Homskaya and
Pribram '* have described very striking
dissociations between action and its verbal
control in a patient with an extensive left-
sided frontal lobe lesion. This patient,
though able to understand and repeat oral
directions, was none the less unable to ca-
rry them out if they conflicted to any ex-
tent with habitual patterns of action. For
example, when she was asked to tap once
when the examiner tapped fwice, and vice
versa, she was quite unable to execute the
task, in spite of understanding clearly what
she was supposed to do. As a rule, she
persisted in simple echopractic behaviour.
As Luria sees it, the verbal control exer-
cised by the instructions is no longer suf-
ficient to suppress primitive imitative ten-
dencies or to overcome the difficulty in
shifting from one mode of response to
another sc characteristic of frontal lobe pa-
tients. In short, the patient knows what
she should do, but cannot do as he should;
she has lost the regulative function of
speech.

I think there is no question that beha-
viour of this kind is by no means uncom-
mon if it is looked for. The most strik-
ing instances of it which I have seen per-
sonally have been in cases with diffuse or
extensive brain disease, and I am not yet
convinced that it should be regarded as a
frontal sign rather than as an expression ot
general brain disorder. At the same time,
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we have certainly noted features reminis-
cent of Luria’s description —if a good deal
less pronounced— in some patients after
frontal lobe excisions. For example, on sim-
ple problem-solving tasks the patient may
produce the correct solution but apparent-
ly fail to formulate the principle upon
which it is based. This is often noted on
the Sorting Tests devised by Goldstein, and
we have seen it too on very simple sequen-
ce and alternation problems, of the kind
much used in primate behaviour work. We
are at present engaged in making some
analyses of these forms of disconnection.

I am not clear whether, and if so to
what extent, the failures in verbal regula-
tion as described by Luria are related to
the minimal grades of expressive dysphasia
to which 1 have drawn attention. It would
be necessary to carry out controlled studies
of performance on Luria’s tests by patients
with right-sided and left-sided lesions be-
fore any definite conclusion can be drawn.
I suspect, however, that this type of dis-
connection may account, in part at least,
for some of the personality changes so cha-
racteristic of the frontal lobe syndrome.
For instance, the failure in planning to
which Penfield and Evans ** long ago drew
attention has always struck me not so much
as a failure to plan but more as a failure
to translate planning into action. Again,
the tactlessness so often shown by frontal
lobe patients does not seem to depend on
any real loss of knowledge of conventional
standards of behaviour —indeed purely
verbal tests of social judgement may be
satisfactorily performed— but on failure
to regulate behaviour in accordance with
these standards. In other words, there is a
dissociation between words and deeds. Al-
though these fecrmulations are admittedly
sketchy, they do perhaps embody a con-
ception of frontal lobe function worthy of
further exploration.

DISCUSSION
R. Quatember (Vienna, Austria)

The more or less marked disintegration
of higher functions of the brain with spe-
1966,
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cial reference to the frontal lobe was des-
cribed many years ago by Flechsig, Mey-
nert, Hitzig, Goltz, Ferrier, Monakow and
others. These authors discussed the psycho-
logical ability of establishing synthesis
(Bianchi), psychological concentration and
even "representations of the faculty of mo-
ral-instances”.

Lately Psychology developed testing pro-
cedures in order to measure the intellectual
capacity or at least a testing equivalent to
it Most of these methods describe a
number of different single performances
using a more verbal or a more non verbal
method.

O. L. Zangwill pointed out that most of
these methods failed in previous work and
he established a difference between the lo-
gical and the imaginative thinking and
their importance in intelligence. He also
described their phaenomenology in frontal
lobe lesions.

I think that one should also fix the inte-
rest on the more simple non-complex func-
tions of “Antrieb”, of the ability to main-
tain an action (like Patzl called it). The
patients with frontal lobe lesions are me-
rely handicapped in testings if they have
to keep their initiative and intention
towards a task over a longer period of
time.

One can therefore, however, use me-
thods of investigation in testing, for ins-
tance of motoric actions, with the proce-
dures described by Oseretzky, Luria, Craw-
ford and Stroomberg and others. One has
to take care not so much of the measure-
ment within time-schedules, but in compar-
ing ""Antrieb”, ability to maintain an ac-
tion, regardless of the time the patient
needs.

These functions (Antrieb) are to be
merely differentiated within the frontal
lobe region;

It shoud be pointed out: with test bat-
teries for intelligence measurement like the
Wechsler series, etc., one also gets results
similar to frontal lesions in other cases f.i.
in patients with increased intracranial pres-
sure due to tumors in other parts of the
brain. |
This battery deals with more or less va-
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gue dimensions of “intelligence” like ge-
neral information, general understanding,
attention, alertness, memory and concen-
tration, arithmetic-logical thinking, abili-
ty to make abstract verbalizations, plan-
ning, picking up important details from a
situation and motor-sensoric coordination
and organisation and so forth.

The higher these complex functions are

in brain pathological cases the less we can
use highly differentiated testing instru-
ments.

I think the work with psychological me-
thods to describe simple motor performan-
ces and actions and their course in such
patients over a longer veriod of time could
add also reduced information to this very
interesting discussion.

SUMMARY

(1) The need for new approaches to
the study of intellectual defect following le-
sions of the frontal lobe is stressed.

(2) The incidence of minimal expres-
sive dysphasia following left-sided anterior
cerebral lesions is described and its rele-
vance to cerebral dominance considered.

(3) The distinction between “conver-
gent” an "divergent” thinking, and its pos-

RESU

(1) Es senalada la necesidad de encon-
trar nuevas formas de estudio de las per-
turbaciones intelectuales causadas por le-
siones del l6bulo frontal.

(2) Se describe la aparicion de disfasia
expresiva leve ccmo consecuencia de lesio-
nes cerebrales y se considera su relacion
con la dominancia cerebral.

(3) Se discute la distincion entre el
pensamiento “convergente” y el “divergen-

sible significance for the analysis of fron-
tal lobe defects, is discussed.

(4) Luria’s conception of the role of
the frontal lobes in the verbal regulation
of action is examined. It is suggested that
this concept may throw light on certain
well-known features of the frontal-lobe
syndrome.

M EN

te” y la posibilidad de su importancia para
el estudio de las enfermedades del lébulo
frontal.

(4) Se analiza el concepto de Luria
acerca del papel que desempenan los lobu-
los frontales en el control verbal de las ac-
cicnes. El autor sugiere que el mismo puede
contribuir a la explicacion de algunas ca-
racteristicas conocidas del sindrome del lo-
bulo frontal.

RESUME

(1) On signale le besoin de trouver de
nouvelles approches a I'étude des pertur-
bations intélectuelles causées par des lésions
du lobe frontal.

(2) On décrit I'apparition de dyspha-
sie expressive minime comme conséquence
des lésions cérébrales et 'on en considere
le rapport avec la dominance cérébrale.

(3) On discute la distinction entre la
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pensée “convergente” et la pensée “diver-
gente” et la possibilit¢ de son importance
dans I'analyse des maladies du lobe frontal.
(4) On examine le concept de Luria
concernant le réle joué par les lobes fron-
taux dans le controle verbal de I'action. On
suggare que celui-ci peurrait éclairer cer-
tains caractéristiques ccnnues du syndrome
du lobe frontal.
1966,
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ZUSAMMENFASSUNG

(1) Es wird hervorgehoben, dass neue
Gesichtspunkte beim Studium intelektuel-
ler Defekte nach Laesionen des Frontallap-
pens noetig sind.

(2) Es wird die Haeufigkeit der mini-
malen expressiven Dysphasie nach linksei-
tigen zerebralen Verletzungen beschrieben
und ihre Wichtigkeit bei der zerebralen
Praedominanz eroertert.

(3) Die Unterscheidung zwischen
“konvergierendem” und “divergierendem”

Denken und ihre moegliche Bedeutung bei
der Analyse der Frontallappen verletzungen
wird eroertert.

(4) Lurias Konzept von der Rolle der
Frontallappen bei der verbalen Regulierung
der Handlungen wird einer Pruefung un-
terzogen. Es wird die Meinung geaeussert,
dass dieses Konzept gewisse wohlbekannte
Einzelheiten der Frontallappensyndroms
crklaeren kann.
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Some Early and Transient Changes
in Psychological Function Following
Anterior Cingulectomy in Man

From the Degartment of Neurology. Radceliffe Infirmary

INTRODUCTION

John Fulton’s influence was pervasive in
clinical neurology as well as neurophysio-
logy. At a dinner in Oxford with Hugh
Cairns and some of his associates Fulton
gave a striking account of the profound
changes in behaviour observed by workers
in his department amongst others follow-
ing anterior cingulectomy in monkeys. His
enthusiasm did much to encourage the
project started by Cairns in 1948 to explore
the possibilities of limited excision of the
anterior cingulate area in the treatment of
mental disease in man. The programme
included the study of behavioural changes
and histological findings in monkeys fol-
lowing cingulectomy: and the trial of
anterior cingulectomy in man as an alter-
native to pre-frontal leucotomy in selected
patients with mental disease. The obser-
vations on monkeys (Glees et al '), con-
firmed the general pattern of bebaviour
change noted by others (Smith 7, Ward '!)
and provided further information about
the fibre connections of this area. The cli-
nical effects of the operation were not dra-
matic but some worth while improvement
occurred in the behaviour of schizophre-
nics, and the absence of the sometimes gross
personality changes noted following stan-
dard leucotomy, encouraged its use in pa-
tients with well preserved personalities but
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C. W. M. WHITTY, D.M., F.R.C.P.
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severely disabled, especially by obszssional
symptoms (Whitty ec al'®, Tow and
Whitty *). As a therapeutic procedure
the operation, which involves a formal cra-
niotomy, has had only a limited applica-
tion; many of its advantages being obrain-
ed from the much more technically simple
procedure of orbital under-cutting. How-
ever, anterior cingulectomy has now been
performed in 22 patients with well pre-
served intelligence and personality and this
has afforded an opportunity to study some
of the more subtle psychological changes
that occur early after operation. The chan-
ges have already been reported in previous
communications ( Whitty and Lewin ' 7).,
They have been confirmed and the observa-
tions amplified in further cases.

Early mental changes after cingulectomy

In 18 of 22 patients undergoing cincu-
lectomy, subjective and objective changes
have been noted during the first one to
three days after operation. Sixteen of these
patients have been previously reported. Re-
cognition of these changes has largely de-
pended in the patients concerned on cla-
rity of consciousness, well preserved intel-
ligence and cooperation in reporting them.
Subjectively patients were aware of a dif-
ficulty in distinguishing between external
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happenings and their own thoughts and
dreams. Objectively this resulted in a type
of false reminiscence: but one of which the
patient was partially aware of, so that they
readily corrected it when challenged and
not only admitted its inaccuracy but tried
to describe its source.

A patient interviewed two days after ope-
ration was asked about his night’s sleep. He
described it as being interrupted by a vi-
sit to some place near his home 12 miles
away and gave details of the scene and
weather at the time. On further question-
ing he spontaneously corrected this and
described it as a vivid dream. He elaborated
on the difficulty of distinguishing it from
a real occurrence.

A housewife questioned in the afternoon
some 36 hours after operation about her
morning’s activities at first described the
preparation of a lunch for her husband and
son. However without any challenging she
then stated this was incorrect, and that she
had only been thinking of this event, but
that it seemed vivid and real to her and
that even as she was speaking she had only
to close her eyes and think she was doing
something and she would have difficulty
in being certain that she was not. On ques-
tioning she correctly described a visit of
the house surgeon that had occurred that
morning, and a change of draw-sheets ne-
cessitated by her urinary incontinence.

An intelligent high school mistress two
days after operation described her symp-
toms as a difficulty in distinguishing be-
tween imagination and reality. She gave an
accurate description of events which had
occurred in the previous eight hours but
interpolated incorrect happenings. These
she would always correct if they were
challenged and sometimes correct sponta-
neously. She also emphasised the vividness
of her thoughts and their tendency to be-
come indistinguishable from external
events if she closed her eyes or “let her
attention wander”.

A business man when examined two days
post-operatively in reply to questioning
described a visit from his wife that day. He
spontaneously corrected this and said that
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he had been looking forward to a visit.
He complained of the vividness of his
thoughts and described how all their de-
tails nad an “unnatural clarity”. The colour
of the objects he thought of and the
appropriate accompanying sounds of the
imagined events were described as so vivid
that “I only have to close my eyes and
the thing is happening”.

In all these instances patients were not
confused in the usual psychiatric sense of
the word. They were aware of their perso-
nal identity. They knew they were in hos-
pital. They recalled the reason for their
being there and the details of their pre-
vious mental illness. They were fully aware
of the incompatibility of their present cir-
cumstances and some of the pseudo-events
they recalled. They were fully in touch
with current events up to the time of their
hospital admission - usually 24 hours be-
fore operation. They knew the time of year
and the time of day. However they were
often unaware of the time since operation
and uncertain therefore of the date and day
of the week. They were also occasionally
hesitant as to whether they had yet had
an operation. There was therefore some
disorientation in time.

Linked with this change in vividness of
thoughts and probably also reflecting the
disorientation in time there was a defect of
memorising shown as an inability to locate
past events correctly in a temporal sequence.
In certain cases this resembled a Korsa-
koff’s amnesic confabulatory state, since
events of themselves accurately recalled,
were misplaced in time and thus at first
appeared as confabulation.

A patient interviewed some 36 hours af-
ter operation was questioned about his
morning’s activities. He described an inci-
dent in which a power failure had caused
him to be stuck in the hospital lift. Details
were vivid and convincing but he had in
fact not left the ward that morning. On
further questioning he doubted the accur-
acy of his story but did describe correctly
the change of dressing to his operation
wound. In the lift incident he was in fact
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describing entirely accurately an event that
had occurred some three days previously.

A student 24 hours after operation des-
cribed a cricket match as an event of the
immediate pre-operative day which he had
in fact spent in hospital. A detailed des-
cription of the ground and high-lights of
the game were given. On pressing him he
agreed that the game had not occurred at
the time stated. He also described accura-
tely his arrival at the hospital on the day
in question, though he was uncertain of its
timing. In conversation he spoke of some
difficulty in appreciating the passage of
time. It was subsequently verified that his
description of the cricket ground was ac-
curate in detail and that the particular
cvents he described in the game in which
he had distinguished himself were also cor-
rect. However this had occurred some
weeks before.

A house decorator in the afternoon three
days after operation described a visit from
his wife that morning. Dertails were correct
but the event had occurred the day before.
He was unable to recall whether or not he
had had his lunch but recounted accurately
what he had in fact had, though unable
to say on which day. Tested at this time
his digit span was seven figures forward
and five backwards. He recalled accurately
the name of a flower and a random name
and address given him some seven minutes
previously. At the end of a three quarter
of an hour interview he recounted with
tair accuracy the general points of conver-
sation and questioning but could not give
their time sequence.

These patients showed a clear inability
to orientate events correctly in time and
this inability was sometimes marked. How-
ever there was no convincing evidence
that they had any complete amnesia for
events and they did not show any true con-
fabulation, either in the sense of inventing
material to cover defects of memorising
or by inaccurately elaborating misplaced
events, even when encouraged to do so by
the examiner. In this respect they differed
from a typical Korsakoff state.

Vol 5. — Number 3-4, — 1960,

Discussion

The site of lesion in 46 cases of cingu-
lectomy has now been verified in seven
cases that have come to autopsy. In all but
one of these the lesion was accurately plac-
ed in the anterior cingulate gyrus on each
side. In one it was placed above this gyrus
in Brodman’s area 32. In two others the
lesions were smaller than supposed. In all
six there was some involvement of corpus
callosal fibres. Detailed histological studies
of the hemispheres are not yet available but
in no case was there any unintended super-
ficial damage seen in frontal lobes or else-
where. Of these seven cases two are from
the 22 cases discussed in this paper. Both
had accurately placed lesions. In one the
lesions were unexpectedly small. The evi-
dence is therefore in favour of the psycho-
logical changes noted being due to a limi-
ted bilateral cingulate lesion. However in
four of these cases the syndrome was not
found, despite their suitability for exami-
nation and a clear understanding of what
to look for. In one of these the operative
lesion may have been inadequate. In the
other three no explanation can be offered
for the absence of symptoms: though in
one the presence of a pre-existing tempo-
ral lobe lesion may be relevant. Allowing
that these changes are due to cingulate le-
sions, a further question of interest is whe-
ther they are unique to lesions in this si-
tuation.

Bilateral symmetrical lesions of both he-
mispheres —a necessary feature for valid
comparison— are very rarely undertaken as
planned operative procedures in regions
other than the frontal. However the recent
war provided a number of cases of bi-
lateral hemisphere injuries either from
through and through wounds or separate
bilateral missiles and the evidence from
these is that bilateral occipital injuries and
biparietal lesions produce characteristic
and often long-lasting changes in somatic
and psychological function, but they do
not contain changes described in this pa-
per. Bilateral temporal lobe injuries when
involving the medial aspects of the lobes,
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may produce gross defects of memorising
(Scoville and Milner, 1957). In such cases
symptoms are long-lasting, probably per-
manent, and the picture is not simply one
of difficulty in sequential memory but an
almost complete inability to retain new
material: and the effect on behaviour is
correspondingly profound. Detailed study
of these cases has not so far revealed any
evidence of the change in subjective vivid-
ness of thought and images which is a fea-
ture of the early post-cingulectomy state, To
elicit this however both clarity of cons-
ciousness and adequate powers of intros-
pection are required in the patient.

Following standard leucotomy changes in
temporal orientation, in awareness of ope-
ration and appreciation of the self have
been described (Stengel 5; Freeman *;
Robinson and Freeman ®). In the first
few days after small bilateral frontal brain
wounds also a marked defect in time
sense may appear. ‘Such patients are not
only disorientated in time when questioned
but also show a neglect of the passage of
time in their behaviour. They may also
appear unaware of the fact of their recent
wound or operation and at times deny it.
These cases usually show some general
clouding of consciousness especially in the
relevant early post-operative period which
precludes accurate observation. However in
one case of removal of a small anterior falx
meningioma in an intelligent woman of 36
her mental state allowed the elicitation of
a syndrome containing both the complaint
of vivid thoughts and dreams and diffi-
culty in temporal location of remembered
experiences. The picture was that of a post-
cingulectomy state and was present for so-
me 4 hours. The recent development of
electrolytic lesions placed in selected areas
of cortex and sub-cortex as a therapeutic
procedure for some forms of mental dis-
€ase, using a leash of hair-fine im-
planted electrodes (Walter an Crow '°) has
provided a further source of evidence of
localised function. Such a procedure has
been applied to the cingulate regions in
cases of severe obsessional or anxiety states.
Changes in time sense have been observed
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and a transient confusional state with the
features here described has been recently
seen in one case where the electrolytic le-
sions were large (Crow “). In all these
instances bilateral damage to the frontal
lobes is a common factor. It is possible that
in each instance lesions include specific
injury to the cingulate area or its connec-
tions. It is a reasonable working hypothe-
sis that the effects noted following precise
and limited cingulate cortex lesions are
also produced by damage to this mechanism
in the other and possibly more widespread
lesions.

The changes observed are essentially
transient. They are rarely found for more
than three days after operation. They can
be recalled as abnormalities of thought and
memorising by patients for some months af-
terwards and can sometimes be accurately
described. After this the memory of them
fades, and those cases examined a year or
more after operation can give no clear sub-
jective account of what they experienced,
though they will still recall in very gene-
ral terms that they did have some anomaly
of mentation. This time scale must raise the
possibility that the changes are due to the
effect of injury potentials from the ope-
rative site: a form of von Monakow’s dias-
chisis. Such discharges occur and can be
seen both in electrocorticograms taken from
the exposed frontal poles immediately after
excision, and within 72 hours of operation
in scalp electrode electro-encephalograms.
It is also possible however that the changes
are due primarily to the removal of the
normal function of the anterior cingulate
cortex, and that this is rapidly taken over
by other areas. Of the two the former
seems more probable.

In monkeys following cingulectomy there
is for a time —the transience of the phe-
nomenon here too should be noted— a
very profound change in behaviour: a
change which would be incompatible with
their survival in their natural habitat.
This has been ref}eatedly confirmed
(Smith 7, Ward ', Glees et al*'). This
change was so dramatic that it led
Ward '* to suggest that the major effects
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of frontal leucotomy and similar operations
in man were due primarily to functional
disconnection of this area. On present evi-
dence this seems unlikely. Frontal leucoto-
my usually produces more widespread ef-
fects on behaviour and personality, which
are more persistent and may occasionally
appear to increase with the passage of time.
However even though short-lived, the chan-
ges described here following anterior cin-
gulate excision also involved for a time a
profound alteration in normal mental pro-
cesses. Difficulty in distinguishing image-
ry and external events —something akin to
hallucinosis— would have marked effects
on behaviour: inability to locate past
events in time would also be disabling in
its own right and would seriously interfe-
re with the rational use of past experience.

One point of special interest is that these
changes should occur from lesions in so
limited an area of cortex. Since the cingu-
late cortex is generally regarded as a part
of the limbic system it is worth consider-
ing whether these two features of the post-
cingulectomy syndrome could be formula-
ted in terms of one change basically emo-
tional in character. The detailed fibre con-
nections of the cingulate area in man are
not fully known. However if one extrapo-
lates from the known connections in sub-
human primates (Glees et al '), it would
appear to have widespread intracortical
connections. It would thus constitute one
main gateway for the limbic system to
debouch into the neocortex. If we accept
Papez's * suggestion of the limbic system as
the neurological substrate of emotion, we
can envisage the cingulate cortex as provid-
ing a pathway for the emotional accompa-
niment of much cortical activity. The quan-
titative direction of attention (basically an
“emotional” factor) in perception, and in
part the consequent vividness of remem-
bered experience would be mediated by

SUM

The early changes following limited bi-
lateral extirpations of the anterior cingula-
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this. Its destruction would alter this func-
tion qualitatively and quantitatively. Dis-
organised injury potentials pouring out
into surrounding cortex might well produ-
ce the alteration of vividness in normal
imagery which these patients notice.

The neurological basis for orientation in
time is complex and has been little studied.
The mechanism is one which is very easi-
ly disturbed, and transient disorientation
in time is readily produced by head inju-
ries or toxic encephalopathies when other
evidence of confusion is absent.

One factor which plays a part in esta-
blishing the time sequence of memories is
the vividness or emotional accompaniment
of experiences. Any alteration in this qua-
lity which restricted the associated envi-
ronment of remembered experience would
reduce the temporal sign of remembered
events. It is possible therefore to see a
change —a disorder perhaps rather than a
simple reduction— in the emotional ac-
companiment of perception as a basic fac-
tor in the early post-cingulectomy state.

The persistent effects of anterior cingu-
lectomy are a slight disinhibition of ge-
neral behaviour and relative neglect of the
emotional impact of external events. These
form the basis for the persistent improve-
ment that may be seen in obsessional and
anxiety symptoms. Such effects are certain-
ly consistent wicth the role postulated for
the cingulate area, but they are trivial com-
pared with the early effects and the hypo-
thesis would require the existence of alter-
native connections between the limbic sys-
tem and the neocortex.

Whether or not such speculation is jus-
tified, it is of interest that the anterior cin-
gulate cortex would appear to be involved
in memorising and thus take its place with
the other components of the limbic system
in this respect (Barbizet').

MARY

te cortex in man are described. Increased
vividness of thoughts and images occurs so
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that a subjective difficulty is experienced
in distinguishing between thoughts and ex-
ternal happenings. There is also difficulty
in locating remembered events in their
correct time sequence. These changes are
only present for two to three days after
operation. A basic change in the emotio-
nal accompaniment of perception is postu-
lated as their cause. The role of the cin-

gulate cortex as an intermediary between
the limbic system and the neocortex is dis-
cussed in terms of these symptoms. It is
noted that the memory difficulty may re-
semble part of the Korsakoff syndrome,
and that injury to the cingulate cortex must
be considered as a further example of lim-
bic system dysfunction producing defects
of memorising.

RESUMEN

Se describen los cambios que sobrevienen
tempranamente a continuacion de la extir-
pacion bilateral limitada de la corteza cin-
gulada anterior en el hombre. Las image-
nes y los pensamientos se hacen mas vivi-
dos de tal manera que se produce la difi-
cultad subjetiva de distinguir los pensa-
mientos de los hechos exteriores. También
hay dificultad para ubicar correctamente
hechos recordados en el tiempo. Estos cam-
bios solo estan presentes dos o tres dias
después de la operacién. Se postula como
causa la existencia de modificaciones basi-

cas en los factores emocionales que acom-
pafian la percepcion. Se discute basandose
en estos sintomas el papel de intermediario
de la corteza cingulada entre el sistema
limbico y el neocortex.

Se sefala que la dificultad para la me-
morizacion se pareceria a una parte del
sindrome de Korsakoff, y que la lesién de
la corteza cingulada debe ser considerada
como otro ejemplo de alteracion del sistema
limbico responsable de los defectos de la
memorizacion.

RESUME

Les effets premiers de l'extirpation bila-
terale de I'écorce cingulaire antérieure chez
I’homme sont exposés. L'augmentation de
I'eclat des pensées et des images produit
une difficulté subjective de distinguer en-
tre les images et les évenements extérieurs.
Ces changements restent seulement pen-
dant 2 ou 3 jours apres l'extirpation. Le
role de l'écorce cingulaire comme un in-

ZUSAMME

Die frithen Storungen, die beim Mens-
chen einem umschriebenen zweiseitigen
Ausschneiden des vorderen gyrus cinguli
nachfolgen, sind hier bescrieben. Ideen
und Vorstellungen werden lebhafter wahr-
genommen, sodass es schwierig sein kann,
zwischen inneren und #usseren Ereignis-
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termédiaire entre le lobe limbique et le
neopallium est discuté. On envisage la dif-
ficulte de mémorisation comme une partie
du syndrome Korsakoffien, et ainsi la lésion
d’écorce cingulaire comme un autre exem-
ple de dysfonctionnement du systéme lim-
bique produisante un detaut de mémori-
sation.

NFASSUNG

sen zu unterscheiden. Schwierig ist auch die
zeitliche Anordnung der Erinnerungen.
Diese Storungen sind ‘nur 2 bis 3 Tagen
nach der Operation vorhanden. Eine Rolle
des g. cinguli als Vermittler zwischen dem
limbischen System und dem Neocortex
wird vermutet. Es wird betont, dass dieser
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Erinnerungszerfall mit einem Korsakows-
chen Syndrom vergleichbar ist, und ein
weiteres Beispiel der Beziehung zwischen

Verletzungen des limbischen Systems und
mangelhaftem Erinnerungsvermogen dar-

bietet.

REFERENCES

1. Barbizet, J. (1963): J. Neurol. Neuro-
surg. Psychiat. 26, 127.

2. Crow, H. J. (1965):
munication.

3. Freeman, W. and Watis, J. W. (1950):
“Psychosurgery”. 2nd. ed. Springfield, Il

4. Glees, P.; Cole, J.; Whitty, C. W. M.
and Cairns, H. (1950): J. Neurol. Neurosurg.
Psychiat, 13, 178.

5. Papez, J. W. (1937):
Psychiat. (Chicago) 38, 725.

6. Robinson, M. F. and Freeman, W.
(1954) : “Psychosurgery and the Self”. New
York.

7. Smith, W. K. (1944): Fed. Proc: 3, 42.

8. Stengel, E. (1952): J. ment. Sci. 98,
382.

Personal Com-

Arch. Neurol.

Vol 5., — Number -4, — 1066

9. Tow, P. M. ard Whitty, C. W. M.
(1953): J. Neurol. Neurosurg. Psychiat, 16,
186.

10. Walter, W. G. and Crow, H. J. (1964):
Electroencephal, Clin. Neurophysiol. 16, 68.

11. Ward, A. A. (1948a): J. Neurophy-
siol. 11, 13.

12. Ward, A. A. (1948b): Res. Publ. Ass.
nerv, ment. Dis. 27, 438.

13. Whitty, C. W. M.; Duffield, J. E.;
Tow, P. M. and Cairns, H. (1952): Lancet
1, 475.

14. Whitty, C. W. M. and Lewin, W.
(1957): Brain, 80, 72. |

15. Whitty, C. W. M. and Lewin, W.
(1960): Brain, 83, 648.

~ 409



Different Psychological Consequences
Due to Superior Frontal and

Orbito-Basal Lesions

Lesions of the brain may be followed
by personality alterations of different de-
grees. The extension and localization of
the injury plays a role in this process.
Whereas an injury on the border of the
longitudinal fissure scarcely affects the
structure of personality, the frontal lobe
injuries usually produce alterations of
character and of the core of personality.

The frontal lobe syndrome occupies as
much a central position in the history of
clinical pathology of the brain and neuro-
psychology as do aphasias in the sphere of
cortical symptomatology.

In this respect it must be emphazised
that which is defined as frontal lobe syn-
drome cannot be analized or defined as
clearly as for instance, the clinical picture
of an aphasia. Eva Hoch stresses in her
excellent psychological study on lobotomy
patients that diagnosis is easier “with the
naked eye” than with the aid of special
tests. However, so far the anatomical basis
of the above mentioned psychic alterations
are still fragmentary in many respects. As
to the psychic alterations of the socalled
frontal lobe syndrome one cannot only hold
responsible the local cortical injuries of
isolated areas of the frontal brain, but also
some undamaged centres in other areas
deprived of regulation and control.

Karl Kleist delayed for years the con-
clusion of his pathology of the brain due
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Cl. FAUST
Freiburg i. Br. Germany.

to the fact that he “could not have it
concluded without the consideration of
the brain stem pathology”. As a matter
of fact, he had to find out, in the course
of his work, that frontal symptoms are
cften connected with the brain stem
symptomatology leading to psychic altera-
tions of different kind or degree.

Thus alterations of the character and
personality occurred after injuries of the
orbital area, but they are often associated
with thalamic and hypothalamic lesions.

In the following pages I should like to
discuss at first the different psychic phe-
nomena of known or recorded brain in-
juries, and then try to classify them accord-
ing to their localization.

The contributions presented to you on
this occasion are based on cases of frontal
lobe injuries from both the two world
wars and on clinical cases in peacetimes.

The brain injured patients with lesions
of the frontal lobe are to be found in
corresponding percentual rate among the
total number of 3000 registered patients
of South-Baden. I recognize that this num-
ber of patients reveals various deficiencies
as to the answer of questions of psycho-
pathology and brain localization. However,
it may offer advantages in the way that
it was possible to establish a longitudinal
section observation of the social evolution
and other environmental relations. Through
196G6.

Val, b, — Number 3-4,
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Auswirkungen der Stirnhirnverletzungen
auf die berufliche Tatigkeit

[ vollige Jnakhivitat
E Derufswechssl

(D ziei- und plonloses Arbeiten
- onholtende Hyperaktintat

Fig. 1. — This scheme shows that, subs-
tantially, 5 groups of social develop-
ment can be distinguished.

,. Zusammenbruch

visits to the familiar circles and places of
work, and very conscientious inquiries made
by an experienced social worker, who was
specially trained by us, it was possible to
define the picture. The behavior in the
clinical environment and in the out-patient
consultations hides, as it is well known,
a lot of facts which in normal conditions
of life play an important role just in these
brain injured patients.

With Heuver we examined in frontal
lobe patients the professional and social
development in conexion to the trauma
and have established that very different pic-
tures occur.

To our great surprise, we found among
them some brain injured patients who,
following the trauma, took up work im-
mediately and were distinguished by in-
crease of capacity in opposition to the
time before the trauma. A state of hyper-
activity could be noted. They were insen-
sitive to the factory noises and other ex-
citations, for instance, in individual cases,
there was a quarrel with the landlord, un-
friendly remarks towards a superior or dif-
Vel 5.

Number 3-4. 19606,

ferences of opinion in the family as to the
education of the children.

In another group a sudden change of
occupation followed an episode of hyper-
activity. Then there was again an activity
under high tz=nsion for years, which was
released by a change of occupation. It was
not possible to recognize the reasons for
this modification of mental attitude. In
opposition to other brain-injured patients
the dates of change of professional activity
fall upon a phase of sequelae of the injuries,
in which one cannot expect any modifica-
tion of the condition.

A third group is characterized by an
extraordinary irregularity of professional
activity and type of occupation. Entirely
independent of the previous training, and
according to inclination or mood and de-
pending on external influences the hardest
unskilled work (e.g. unloading coal at the
railway station, harvesting, etc) was carried
out. After months of industrious profes-
sional activities, equally long periods of
absolute inactivity followed. Sometimes
kinds of work were executed, pertaining
to a classification far below the previous
cccupation and the anterior professional
rank. Among these cases many patients
were found, who underwent repeated re-
traininig and therefore had during their
lives professional training up to 4 times.
One group, since the day of the injury
was not able to execute any useful activity.
This was especially the case with patients
who were injured during their youth, thus
struck by an accident before maturity, and
who could not find the connexion to their
previous professional career. One smaller
group was relatively inconspicuous. After
a long period of inactivity, they returned
to their professional career and from this
time on, were able to maintain the occupa-
tion with a slight diminution of the total
capacity of work. This group differred from
the patients with injuries in other localiza-
tions in an interruption of approximately
two years from the brain injury until the
continuation of an activity. As a rule, brain
injured patients usually return to their
occupation after 3 to 6 months.
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Fig. 2

Considering this behavior at the place
of work in both last mentioned groups
of high-frontal and orbital basal focal le-
sions, patients with injuries of the orbital
lobe either did not do anything or worked
excessively.

In one case one of these patients— after
a long latent period— returned to his pro-
fession as a mason, and through his hy-
perthymic, eloquent and at times aggressive
behavior, was able to attain the position
of a bricklayer’s foreman in construction-
werk. Obstinate towards his superiors and
severe to his subordinates, he spoiled the
atmosphere of the construction-works quite
disastrously. He called the workers: “Dull,
lazy peasants”. He changed the construc-
tion plan for the draining canal and made
it less deep so that later the basement
was permanently under water. Before the
end of the construction works, he sent back
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a cement mixer, which had been sent from
Constance Lake to the Black Forest and
thereby caused a loss of several thousand
marks to the construction enterprise. He
then turned to welfare institutions and
aggressively insulted them by writing letters
of the following contents: “It is an unlucky
feature in my fate to get so much un-
productive help. Formerly one had to have
an arian grandmother, today a grandmo-
ther from Baden. The boards for the pro-
longation of the war take jobs away from
us. I hope that the atom bomb comes scon.
I am already hoping for it like a Jew for
his Messias’.

Peculiarly patients with high frontal
and orbital basal injuries hardly differred
at all during systematic tests. The total
capacity of high frontal lobe injured pa-
tients was perhaps slightly smaller. The time
needed for the solution of the tests was
longer. What was striking in both groups
was the tendency to words perseveration
and the almost compulsive willingness to
repeat the given optical figure of the
various designs of the Wartegg test. The
orbital basal injured made efforts to dis-
play wittiness, for instance one test-person
of the 2nd group drew a rum-bottle. The
tendency to repetition, e.g., of points,
squares and even of geometric figures is
generally recognizable. The lack ot imagi-
nation is above the average, even in tested
patients with fairly good education and
background, as for instance, the patient of
fig. 4 (former officer) and patient 2,
fig. 3 (judge with completed university
studies).

These tests might, in any case, be the
most appropriate among the usual methods
to show, in positive or negative way, the
free, constructive capacitv, which is related
to the functions of the frontal lobe. Oc-
casionally it happens that especially spon-
taneously frontal lobe injured patients do
not finish the test — as shown in fig.
4 — and content themselves with sorting
out 3 designs, which they find easier.

The fractionality and incompleteness of
many achievements of patients with high
frontal injuries, who formerly had an in-
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Fig. 3

dependent position, is noticeable. Among
the patients in my care there is a stove
maker who, occasionally delivers stoves
without feet, and a carpenter who omitted
some pieces in his chairs.

The group of high frontal lobe injured
patients, which are particularly characte-
rized by lack of energy and personal ini-
tiative, come less often into the sphere of
care institutions, because certain incapaci-
ties are compensated by members of the
tamily. Besides, they do not possess enough
initiative to apply for their rightful claims
at the competent authorities. When the
family does not look after them on account
of the changes in their personality or the
decrease of interests, and quite often be-
cause of problems in their marriages (im-
potence), this may lead to extreme situa-
tions, as for instance in the case of an
administration employee who suffered from
Vol 5.

Number 3-4, 1966,

a high frontal injury. Because of his im-
potence and almost unmanly weakness after
his return from the war, he was put out
of the house by his wife and mother-in-
law and forced to live in a front building,
the only communication between them
being reduced to letters. As a result of a
bourgeois prestige mindedness discussions
abcut family difficulties were avoided as
far as possible. The patient himself went
to his office as usual and returned after
office-hours. Only at times, he suddenly
made indecent exposures from the German
side of the Rhine in the direction of
Switzerland, where he was observed by
custom-officers through binoculars.

Such regressive infantile sexual delicts
did not occur in cases of orbital lobe in-
juries. With these patients completely dif-
ferent instictive, brutal-egoistic disturbances
were quite common. They have periods of
hypersexuality, which otherwise, were not
observed in patients with brain injuries.
Indiscriminate in drinking and in obtain-
ing advantages for themselves, they are also
indiscriminate in the choice of their sexual
partners, and they often speak quite
plainly about this subject. “Who is going
to pay the brothel for me?”, one patient
of this group wrote to the provincial court
after his divorce. As an answer to my ques-
tion what plans he had for the future, he
said: “1 would like to be a lawyer, boxer
or journalist”. Noticing my surprise he
completed the answer: “to be able to dis-
tribute low blows”. Prompt reaction, ag-
gressiveness and a blunt manner of ex-
pression characterize such patients, most of
them with bilateral orbital basal injuries.
One may presume of course, that the struc-
ture of personality before the injury had
a determining influence as well and, on
account of this, psychopathologic variations
occur in patients with injuries of the same
localization.

Among the patients with injuries of the
orbital locbe, who at first showed hyper-
activity and unstableness, there was a num-
ber that suddenly, after decades, commited
suicide. Similar observations have already
been made by Peters, most suicide candi-
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dates being found among the patients with
basal injuries of the brain. Considering
suicide as a special form of aggression, this
expression of self-aggression is in accordan-
ce with the previous general behavior of
the patients.

Judging by the syndrome only an injury
of the orbital basal could have been pos-
sible in the following case. This could not
be proved in the lifetime of the patient,
however, the manifest occipital injury was
more noticeable.

The patient K. W. born 1895, a baker,
came from a highly industrious and quite
ordinary family. Neither psychosis nor

psychic peculiarities were known among
immediate relatives. His behavior after a
brain injury in May 1915 (in his 20th
year) was all the more peculiar. He was
called the “scoundrel of K” and was known
under this name in the whole neighbor-
hood. He had suffered an occipital injury,
from which an initial cortical blindness
resulted. The occipital wound suppurated
and several operations were necessary to
eliminate the pus and remove the bone se-
questra. When a limited vision returned
later on, W. behaved very conspicuously
and peculiarly during medical examina-
tions so that one did not believe the extent

Fig.

of his poor vision. The so called simula-
tion tests of the opthalmologist seemed to
confirm the simulation of pcor vision.
When occasional fits occurred later on, the
existence of a brain injury was finally cer-
tified. The pension was gradually increased
but additional cares were refused. To point
cut his injury, the patient had a black rib-
bon made, which he tied around his head
to “protect” the wound on the back of his
skull. Shortly before the lesion he had
married. 14 children were born during the
marriage, who nearly all died from tuber-
culosis and undernutrition (rickets). The
patient had numerous affairs with other
women, lived tcgether with a gypsy woman
for some time at the outskirts of the town,
often slept in the fields or in garden-huts
and did not care for his family in any
way. For years he used to wear dirty an
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torn clothes. He used to drink more and
more alcohol as sedatives and obtained
prescriptions of alccholic tinctures in litre
quantities. By and by he became known in
all respective institutions and clinics. He
increasingly displayed hysterical fits with
disturbance of gait and deafness and at
times simulated a total blindness. This how-
ever did not prevent him from lookin
at the show windows of the town whicE
he visited and to take down the prices to
buy preferably spirits. In 1946, he was exa-
mined at Freiburg clinics. An EEG taken
at the time showed temporal right focal
disturbances. Later he was increasingly re-
ported for neglect, loitering and begging.
He eventually died in 1956 of a broncho-
pneumonia, which was complicated by de-
lirtum. The autopsy evidenced an exten-
sive lesion of both occipital lobes at the
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level of the calcarine area, and also a cystic
defect of the size of a chicken egg under
the right basal frontal lobe. As there was
no connection to the liquor space, the defect
could not be detected through the pneumo-
encephalogram (see fig. 5).

Temporally isolated, focal high frontal
and orbital basal symptoms are appearing,
one after the other in the following case:
A 56 year old university professor attracted
attention because, in the course of some 6
months, he lost his energy and interests,
and became taciturn and affectively un-
balanced. He was thought to have possi-

bly overworked himself and was sent
to a health-resort. His illness progres-
sed, however. Yet he still felt strong

enough to hold a lecture, which he had been
planning for a long time. Appearing before
a large audience he lost himself in details
and could not find an end. At times, he
stopped and searched for words, was in-
capable to find his way through his notes,
and left out important links. When invited
he used to sit quietly in a corner, greeted
everybody in the same stereotyped way and
sometimes fell asleep. Shortly afterwards
he invited people whom he had met in

Fig. 5

a street car or somewhere else for dinner.
He only came to the clinic after having
had several fits with falls and involuntary
urination. A glioma was removed from the
Jeft upper frontal lobe; according to the
operation report the high frontal areas of
the convexity and of the pole were removed,
the basal area being spared. Subsequently,
his condition improved. He was able to
hold his lectures i. e. with the help of a text
which had been worked out years ago. He
only had to be led to the door of the lecture-
room by his wife and be given a “push”
to be able to walk to the lecturing desk
by himself and to speak. His wife had also
marked the respective length of the lec-
tures, so that he finished precisely at the

Vol 5. Number 3-4. 1966,

stroke of the clock. Three months later a
tumor recidive occurred, which increasin-
gly destreyed the left frontal orbital lobe.
At the same time, it was noticed that his
facial expression became lively, that he
talked a lot, spoke in a carefree manner,
cracked jokes and practiced highly impro-
per jokes on a nurse (he presented her
an egg-cup filled with milk, into which
he put a cyclamen. Around the egg-
cup, he placed breadcrumbs as decoration).
He found everybody “nice and charming”;
he was satisfied with everything, neglected
his personal hygiene, and used to go to
bed with his necktie and fur-cap.

In this temporally split pathological
progression the different symptomatologies
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of the dorsal and basal frontal lobe are
reflected. Whereas the high frontal injuries
produce loss of energy, affective dullness,
loss of interest and complete mental in-
capacity for prospective plans, the basal
injuries causes “euphoric absence of cri-
tical loss of inhibitions, symptoms of moria
and indifference to social habits”.

Both groups of brain-injured patients
therefore have in common disturbances of
behaviour, which to the unsuspecting
observer may appear to be psychopathic
personalities. The fact that the psychic
alteration is temporally connected with a
brain injury will not be remembered later
on. This is all the more so, as the patients
themselves do not point out these connec-
tions at all. In my opinion, the organic
characteristic of psychic alterations may
also be psychologically recognized by more
or less marked associated symptoms, as for
instance the propensity to perseveration and
the inadequacy of affective reactivity.

The different symptoms of the 2 groups
of isolated high frontal and orbital basal
injuries is less manifest in psychological
tests than in everyday life. Following lon-
gitudinally the lives of these patients, the
prognosis appears considerably less favora-
ble for the orbital basal patients. They call
attenticn in society, they are regarded as
trouble-makers and give offence because of
their lack of inhibition and aloofness.

They often come in conflict with the law
and also many of themselves into extremely
difficult situations in their private lives.
They scarcely establish firm relations, or
only superficially and change their profes-
sion and place of work more frequently
than anyone else.

High-frontal brain injured are conspi-
cuous for the lack of initiative and their
difficult start in any activity. Their results
often show shortcomings. They are, on the
other hand, often more indolent toward
excitations (noises) of the environment
than other brain-injured patients. Through
their high suggestibility and tendency to
be lead by other people they can also be
directed in a positive way. If their spon-
taneity is only weakened and if there are
remains of selfdrive they are less noticeable.

For both groups, the time of injury
seems to be of great importance. Injuries
before maturity and the conclusion of a
professional training increase the number
of those patients, who cannot find their
way in society. Perhaps also in this case
patients with basal injuries are more en-
dangered than those with high frontal in-
juries.

Even in times of peace, traffic accidents
have meanwhile contributed a great quota
of patients with frontal basal accentuation,
so that the total number of frontal injured
patients did not decrease in peacetimes.

SUMMARY

Loss of drive (Antrieb), bluntness of
affectivity, paucity of interest and loss of
prospective thinking are the leading symp-
toms in injuries of dorsal frontal lobe. The
injuries of the basal frontal lobe (lesions
of basal cortex of the orbital lobe) leave
an euphoric loss of the critic, signs of un-
inhibition and bluntness of feelings, as
well as insensibility to social habits. A
lengitudinal section biographic observa-
tion of pertinent cases (with the utiliza-
tion of clinical data and results of home-
and place of work visits) pointed out that
frontal brain-injured differ from patients
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with brain injuries of other localizations.
However, in the group of frontal brain-
injured 2 different forms of disturbances
of behavior could be differentiated. The
different professional and social difficulties
of adaptation of frontal lobe-injured are
illustrated in a schematic survey. Patients
with high-frontal injuries have the ten-
dency to focrce up their capacity of work
during years due to failure of self-aware-
ness. Trivial occurrences bring about an
abrupt break-down with permanent inca-

pacity.
Orbital basal-injured patients, in part,
vol. 5.
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did not find any access to professional life
or showed themselves unsteady, changed
often jobs and profession and came per-
manently into conflicts with the environ-
ment. The same patients were much more
often complicated in forensic proceedings.
The disturbances of behavior of these basal
frontal-injured patients, which resemble
psychopathies, were repeatedly cause of
error of medical judgement, the more so

RESU

La falta de empuje, indiferencia afectiva,
disminucion de intereses y la pérdida de
la capacidad mental prospectiva son los
sintomas fundamentales que aparecen en
las lesiones dorsales del lobulo frontal. Los
danos frontales basales (lesiones de la cor-
teza basal de la parte orbital) dan lugar
a una falta de rigor critico acompanada
de euforia, signos de liberacion de inhi-
biciones, alteraciones emotivas e indiferen-
cia frente a las costumbres de la vida social.
La consideracion de la linea de vida de
varios casos (mediante la valorizacion de
datos clinicos y de los resultados de visitas
realizadas en el medio doméstico y en el
lugar de trabajo) demostro que los pacien-
tes con lesiones frontales se diferencian de
los lesionados de todas las otras localiza-
ciones. Dentro de un grupo de pacientes
con lesiones frontales fue posible diferen-
ciar dos diferentes formas de perturbacion
del comportamiento. En una visién esqué-
matica se consideran las diversas dificulta-
des de adaptacion profesional y social de
los pacientes estudiados. Aquellos en - que
la lesion habia afectado la parte superior
del lébulo frontal demostraron una ten-
dencia a recargar su trabajo en una forma

since the patients did not contribute to
the anamnesis. The Wartegg-test among
the other methods in use seems to give
the best evidence for the diagnosis. Positive
results of intelligence tests (high IQ)
contrast with the failures in practical life.
The different clinical picture of high-
frontal and basal-frontal injuries is re-
flected more clearly in the life story than
in psychologic tests.

M EN

exagerada debido a una falsa estimacion de
sus posibilidades. Hechos nimios dieron lu-
gar a una interrupcion brusca de este tra-
bajo con posterior imposibilidad irreversi-
ble de trabajo.

Los afectados en la parte basal del 16bulo
frontal en parte no pudieron reintegrarse
a la vida profesional o bien se mostraron
inconstantes, cambiando repetidamente de
empleo y profesién, siempre dando lugar
a conflictos con quienes los rodeaban. Es-
tos pacientes fueron los que mas frecuen-
temente se vieron envueltos en procedi-
mientos forenses. Las alteraciones de su
comportamiento, similares a las psicopati-
cis, fueron en estos casos muy a menudo
la causa de falsos juicios médicos, ya que
los pacientes mismos no contribuyeron a
aclarar la situacion. El test de Wartegg de-
mostro ser el mas util de los instrumentos
utilizados. Muchas veces resultados positi-
vos en cuanto a la inteligencia provenien-
tes de tests (cocientes de inteligencia altos)
se oponen a fracasos en la vida practica.
El cuadro diferencial de los danos frontales
superiores y basales se reflejaron con mas
precision en la vida de los pacientes que
en los resultados de tests psicoldgicos.

RESUME

Le manque d’élan, l'indifférence affecti-
ve, la réduction des intéréts et la perte de
la capacité mentale prospective constituent
les symptomes fondamentaux qui apparais-
Yol 5.
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sent dans les lésions dorsales du lobe fron-
tal. Les dommages frontaux basaux (lésions
de I'écorce basale de la partie orbitale)
provoquent un manque de rigueur critique
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accompagn¢ d’euphorie, des signes indi-
quant la perte des inhibitions, des troubles
animiques et de [P'indifférence envers les
coutumes sociales conventionelles. La con-
sidération de la biographie dans plusieurs
cas (mettant en valeur des données clini-
ques et les résultats des visites faites aux
milieux domestique et de travail) démon-
tra que les patients ayant des lésions fron-
tales se distinguent des affectés de toute
autre lccalisation. Dans un groupe de pa-
tients ayant des lésions frontales il a été
possible de distinguer deux formes diffé-
rentes de troubles du comportement. On
considere schématiquement les différentes
difficultés d’adapration professionnelle et
sociale des patients étudiés. Ceux ou la lé-
sion avait atteint la partie supérieure du
lobe frontal démontrérent une tendance a
surcharger leur travail d’'une facon exagé-
rée comme conséquence d'une fausse esti-
mation de leurs propres possibilités. Des
faits sans importance provoquérent une
brusque interruption de ce travail, laissant
une incapacité irréversible pour travailler.

ZUSAMME

Antriebsverlust, affektive Stumpfheit,
Interessenverarmung und Einbusse pros-
pektiver Denkfahigkeit sind die filhrenden
Symptome bei Schidigung des dorsalen
Stirnhirns. Die basalen Frontalhirnschiden
(Lasionen der basalen Rinde des Orbital-
hirns) hinterlassen eine euphorische Kri-
tiklosigkeit, Zeichen von Enthemmung und
Gemiitsabstumpfung, sowie von Unem-
pfindlichkeit gesellschaftlichen Gepflogen-
heiten gegeniiber. Eine biographische
Laengsschnittbetrachtung einschlagiger Falle
(unter Verwertung klinischer Daten und
der Ergebnisse von Besuchen im hduslichen
Milieu und am Arbeitsplatz) zeigte, dass
Stirnhirnverletzte sich con allen Hirnver-
letzten anderer Lokalisation unterscheiden.
Innerhalb der Gruppe von Stirnhirnver-
letzten liessen sich aber auch noch 2
verschiedene Formen von Verhaltensssto-
rungen trennen. In einer schematischen
Ubersicht werden die unterschiedlichen
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Les patients atteints a la base du lobe
frontal n'ont pas pu se réintegrer en partie
a la vie professionnelle ou bien se sont mon-
trés inconstants, changeant plusieurs fois
d’emploi et de profession, toujours provo-
quant des conflicts avec les personnes qui
les entouraient. Ces patients furent tres
souvent impliqués dans des affaires phoren-
siques. Les troubles de leur comportement,
similaires aux psychopathiques, furent dans
ces cas tres souvent la cause de faux ju-
gements médicaux, ¢étant donné que les pa-
tients eux-mémes n’avaient pas contribué
a éclaircir la situation. Le test de Wartegg
a démontré étre le plus utile des instru-
ments employés. Souvent les résultats po-
sitifs concernant ['inteliigence résultant de
tests (hauts coéficients d’intelligence)
s'opposent a des ¢checs dans la vie prati-
que. Le cadre différentiel des dommages
frontaux supérieurs et de la base se sont
refleté avec plus de précision dans la vie
des patients que dans le résultats des tests
psychologiques.

FASSUNG

beruflich-sozialen Anpassungsschwierigkei-
ten Stirnhirnverletzter veranschaulicht.
Hochfrontalverletzte neigten dazu, aus feh-
lerhafter Selbsteinschdtzung sich  durch
jahlerange “Roboterarbeit” ubersteigert zu
belasten. Bagatellereignisse brachten da-
nach einen unvermittelten Zusammen-
bruch mit bleibender Untatigkeit.
Orbitobasalgeschadigte fanden teilweise
keinen Zugang zum Berufsleben mehr oder
sie zeigten sich unstet, wechselten wieder-
holt Stelle und Beruf und kamen stindig
in Umweltkonflikte. Die gleichen Verletz-
ten wurden weitaus am haufigsten in fo-
rensische Verfahren verwickelt. Die psy-

chopathie-dhnlichen  Verhaltensstorungen
dieser Basalverletzten waren wiederholt
Anlass medizinischer Fehlbebeurteilung,
zumal die Patienten selbst nichts zur

Aufklarung beitrugen. Wartegg-Test er-
schien von den angewandten Verfahren
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noch die meiste Aussagekraft zu besitzen.
Positive Intelligenztestergebnisse (hoher
IQ) kontrastieren vielfach zu dem Versa-
gen im praktischen Leben. Das unterschie-

dliche Storungsbild hochfrontaler und ba-
saler Schaden spiegelte sich in der Le-
bensgeschichte deutlicher wider als in psy-
chologischen Testergebnissen.
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Pre-Frontal Lobe Epilepsy’

by A. EARL WALKER, M. D.

From the Division of Neurological Surgery, The Johns Hopkins University,
School of Medicirne, Baltimore, Maryland.

Although theoretically, seizures originat-
ing in the prefrontal cortex should have
few initial manifestations, Walker and Ja-
blon '' found that patients with such at-
tacks were aware of a whole gamut of au-
ra — ranging from visual to focal motor.
Foerster ° considered that adversive mo-
vements characterized convulsions due to
frontal epileptogenie foci. This conclusion
was based upon electrical stimulation of the
frontal lobe at operation, a procedure which
may induce different seizures than those
resulting from lesions. Penfield and Kris-
tiansen  divided prefrontal attacks into
conscious and unconscious adversive seizu-
res, but Penfield ¥ stated that, in general,
there is no warning or knowledge of an
adversive attack unless it originates in the
supplementary motor area. Cotte-Rittaud,
and Courjon * concluded that patients with
censcious adversive attacks were much mo-
re likely to have frontal foci than patients
who were not aware of the adversion.

In a series of 27 patients with known
traumatic prefrontal lesions, the types of
attacks are given in table 1.

In this series of 27 patients, 8 had no
warning of the attacks and no overt focal
manifestations, although the epileptogenic
focus was electrographicaily and presuma-
bly anatomically localized to the frontal
lobe. In addition 4 patients had no know-
ledge of the adversion or focal movements
at the beginning of their attacks. Such sei-

&
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Institutes of Health, Bethesda, Mad.

422 ~

zures were described as a sudden loss of
censciousness; the patient knew he had had
an attack only when he came to on the
ground or floor with a headache, bitten
tongue or wet pants.

Initial adversive movement. The patient
may or may not be aware of the turning
of the head and eyes. The typical conscious
adversive attack is described as a turning
or pulling of the eyes to one side which
may be associated with other movements of
the face, arm or leg, and is usually fol-
lowed by loss of consciousness, and a gene-
ralized seizure which may or may not have
lateralizing characteristics. The conscious
adversive attack of one patient was des-
cribed as turning of the head and eyes to
the right, flexion of the right arm and leg,
followed by loss of consciousness. Some
patients claim to be conscious during both

TABLE |1

Aura Number
None 8
Adversive movement:

Unconscious 3

Conscious 5
Focal movement:

Unconscious |

Conscious 4
Sensory 3
Miscellaneous 3
(dreamy state, gastric, auditory)

Total 27
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the adversive and clonic phases of the sei-
zure,

Initial focal movements. These attacks,
like the adversive ones, may or may not be
consciously appreciated. One patient des-
cribed his attack as a stiffening of his
tongue which prevented him from speak-
ing. He then became dizzy, his head and
eyes turned to the right and he had a ge-
neralized seizure. The one patient whose
attacks were classified as unconscious focal
movements claimed he had no memory of
his left limbs jerking before he developed
a generalized seizure.

Sensory and other initial phenomena.
These aura are no different from those as-
cociated with parietal and temporal lobe
lesions, in fact, the epileptogenic zones may
be located in these lobes, in spite of the
primary damage being inflicted on the
frontal lobe.

Although this series was composed of
traumatic encephalopathy the same type of
seizures are encountered with vascular, neo-
plastic and congenital lesions of the pre-
frontal part of the brain.

Petit mal with spike and wave patterns.
Considerable has been written of bilateral
spike and wave patterns with concomitant
petit mal as manifestations of epileptogenic
foci on the medial and inferior surfaces of
the frontal lobe. Bancaud et al® have dis-
cussed this problem, and on the basis of
depth recording, conclude that the medial
and orbital cortices of the frontal lobe play
a primary role in the genesis of the bila-
teral synchronous discharge. They admit
that brainstem centers may be secondarily
involved. In the majority of cases of 3/sec
spike and dome patterns which we have
studied by depth electrodes, the electrogra-
phic pattern seemed to originate in deeper
subcortical structures.

The mechanisms of prefrontal epilepsy

No attempt will be made to describe the
maturation of a cortical epileptogenic fo-
cus, but some comments on the circuitry of
adversive seizures may be in order. Marsan
Vol 5.
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Fig. 1. — Photograph of the convexity of «

macaque brain to indicate the site of alin

injection (dotted), the location of cortical

electrodes (numbers) and the site of stereo-

taxic insertion of the depth electrodes (K.

T., L. T. and B. S.). The abbreviations used
in the illustrations are as follows:

AM - amygdala
BS - brainstem

electrod:
CL - claustrum

CP - cerebral
peduncle

CS - central suicus

FF - Forels field

GP - globus
pallidus

H - hippocampus
HG - hippocainpus
gyrus

IC - internal
capsule

IF - inferior frontal
suleus

IP - intraparietal
sulcus

IPr - inferior pre-
central sulcus

LG - lateral geni-
culate body

LI - left insula

LT - left temporal
electrode

MB - mammillary
body

NR - nucleus ruber

OC - optic chiasm

Pul - pulvinar

Put - putamen

PRS - pontine

reticular

electrode

right temporal

electrode

subthalamic

body

TH - thalamic
electrode

VA - nucleus ven-

tralis anterior

nucleus ven-

tralis lateralis

RT

SB

VL
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and Abraham ' have found that adversive
tonic turning of the head often was close-
ly related to diffuse EEG changes over one
hemisphere or more or less restricted areas
with only a slight tendency for preferen-
tially extratemporal activation. Because ad-
versive seizures may originate from almost
any part of the brain, especially the cere-
bral cortex, it has been suggested that the

27, 1963, an injection of 0.2 cc of alum
cream was made into the right prefrontal
cortex, and at the same time, 28 depth elec-
trodes on three tresses were implanted as
seen in figure 1. Over a period of 7 months,
records were made as the animal developed
seizures, and as the seizures regressed. The
animal was sacrificed on March 28, 1964

424 ~

adversion is a cortical phenomenon, and the
generalized seizure which follows is of sub-
cortical origin. With the use of chronically
implanted electrodes in man and monkey,
this hypothesis may be tested.

Although we have made chronic implan-
tations of depth electrodes in more than 20
epileptic monkeys, only one will be dis-
cussed here. In this animal, on September

Fig. 2. - Representative
serial sections of the
brain to show the site
of the individual depth
electrodes.

and the positions of the cortical and depth
electrodes were verified (fig. 2).

Five weeks after the alum injection, the
anima] was having repeated seizures every
two or three minutes. The attacks began
with the monkey staring for 12 to 15 seconds,
followed by turning of the eyes and jerking
of the head to the left. After 15 seconds the

Vel 5.
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shoulder and upper portion of the trunk
began to jerk, followed by the left atm and
leg. This progressed rapidly to a generali-
zed attack. The seizure lasted from 1 to 4
minutes. After each attack there seemed to
be a transitory weakness of the left arm,
face and leg. Electrographically, the at-
tacks were not so stereotyped for the initial
attacks of a series began with focal cortical
spiking whereas subsequent attacks fre-
quently originated subcortically.

The electrographic progress of the attacks
may be followed in the illustrations. Some
attacks were initiated by spiky activity at

head to lejt.

the site of the alum injection with secon-
dary involvement of subcortical structures
particularly the left globus pallidus and
putamen. As the series of spikes gradually
increased in frequency and somewhat in
amplitude, spiky activity appeared in the
contralateral cortical leads (fig. 3). Short-
ly after the onset of the spiking, the ani-
mal’s head turned to the left. Thirty se-
conds later, when the head and eyes were
jerking to the left, low voltage spikes de-
veloped in the nucleus ventralis lateralis of
the right thalamus. As the attack pro-
gressed to involve the left arm and left
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face, the frequency of the spiking decreased
in all leads. Shortly thereafter it ceased
simultaneously.

At times the onset of the attack was mo-
re abrupt; as may be seen in fig. 4 rapid
high voltage spiking appears almost si-
multaneously in the cortical leads and in
the ipsilateral thalamus and putamen. But
this abrupt electrographic onset of the sei-
zure is accompanied by the same turning
of the eyes and head to the left, followed by
jerking of the head and eyes. The sei-
zure may originate in the thalamus and,
gradually, secondarily involve the cortex
(fig. 5). However, not only thalamic acti-
vity initiated such a seizure but activity
within the putamen may bring on a sei-
zure which spreads to invoive the cortex
without implicating the medial temporal
structures nor necessarily the thalamus.

It is thus apparent that the stereotyped
clinical seizure may be the result of seve-
ral different mechanisms, some primarily
involving cortical and some subcortical
structures. What determines the site of ori-
gin of the episode is not known. It should
perhaps be noted that generalization of the

SUM

Although on physiological and anatomi-
cal grounds, a number of types of epilep-
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eyes and head to left.

seizure seems to occur in this particular
case neither through the pontine reticular
substance nor through the medial tempo-
ral structures, The preferential circuitry of
the epileptic discharge from the prefron-
tal cortex may be even more complicated
for the caudate nucleus, the activity of
which has not been sampled in this animal,
is probably involved.

The natural cause of prefrontal epilepsy

Although the epilepsies originating in
the frontal lobe are usually generalized,
they are likely to have a benign course.
In fact, in the series mentioned, 7 of the
patients had had no attacks since the fifth
year after injury, and only 6 were having
seizures 10 years after the trauma. This re-
mission rate of 77.7 9 is considerably
higher than the recession of all post-trau-
matic seizures. Moreover, if the course is
not favorable and medication ineffective,
the surgical resection of the epileptogenic
focus offers about a 50 9% chance of elimi-
nation of the seizures.

MARY

sy would be expected as the result of pre-
frontal epileptogenic lesions, in practice,
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generalized seizures without a warning,
with adversive movements of the head and
eyes, and with movements of the contra-
lateral side of the face, arm or leg are en-
countered.

The circuitry of the epileptic propaga-
tion, in spite of consistent clinical seizure
pattern, varies from attack to attack. At ti-
mes the attacks begin in the cortex, at

RES U

Si bien las bases anatémicas y fisiologi-
cas llevarian a suponer la existencia de una
serie de tipos de epilepsia resultantes de
lesiones epileptogenas frontales, en la prac-
tica se da la aparicion de sacudidas gene-
ralizadas sin previa advertencia acompana-
das de movimientos adversivos de la cabe-
za y ojos y movimientos de la mitad con-
tralateral de la cara.

El circuito de propagacion epiléptica, a
pesar de tener un esquema clinico consis-
tente, varia con cada ataque. A veces éstos

other times in a subcortical nucleus such
as the putamen or thalamus. It may begin
abruptly or gradually.

The surgery for prefrontal epilepsy is
based upon the demonstration of a constant
focus within the prefrontal area. Depth
recording may be necessary. The results of
both medical and surgical treatment are
relatively good for relief of seizures.

M EN

comienzan en la corteza, otras veces en un
nicleo subcortical como el putamen o el
talamo. Puede comenzar abrupta o gradual-
mente.

La cirugia de la epilepsia prefrontal es-
ta basada en la demostracion de un foco
constante dentro del area prefrontal. Puede
hacerse necesario un registro de profundi-
dad. Los resultados de los tratamientos ya
sean me¢dicos o quirdrgicos son relativa-

mente efectivos para el alivio de las sacu-
didas.

RESUME

Bien que sur des bases physiologiques et
anatomiques on s'attendrait a l'apparition
de certains types d’épilepsie comme résul-
tat de lésions prefrontales epileptogenes,
dans la pratique on trouve des secousses
généralisées sans avertissement, accompag-
nées de mouvements adversifs de la téte et
des yeux et de mouvements du coté opposé
de la figure du bras et de la jambe.

Le circuit de propagation, bien qu'ayant
un tracé clinique consistant, varie avec

chaque attaque. Parfois elles commencent
a I'écorce, d’autres a un noyau souscortical
comme le thalamus ou le putamen. Leur
survenue peut étre subite ou bien graduelle.
La chirurgie pour I'épilepsie frontale est
basée sur la démonstration de I'existence
d'un foyer constant dans l'aire préfrontale.
Un enregistrement en profondeur peut se
faire nécessaire. Les résultats des traitemens
médicaux et chirurgicaux sont relativement
effectifs pour atténuer les attaques.

ZUSAMMENFASSUNG

Obwohl aus physiologischen und anato-
mischen Gruenden eine Reihe von Epilep-
sietypen als das Resultat praefrontaler epi-
leptogener Laesionen angesehen werden
sollten, findet man in der Praxis verallge-
meinerte Anfaelle ohne vorhergehende
Vol 5. 3-4,

Number 1966,

Warnung mit gegenseitigen Bewegungen
von Kopf und Augen und mit Bewegun-
gen der entgegengesetzten Seite des Ge-
sichts, des Armes oder des Beines.

Die Kreisfoermigkeit der epileptischen
Propagierung, trotz einer bestimmten kli-
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nischen Anfallsform, aenderte sich von
einem Anfall zum anderen; zuweilen be-
ginnen die Anfaelle im Cortex, dann wie-
der in subcorticalen Kernern, wie z.B. im
Putamen oder Thalamus. Der Anfall kann
ploetzlich oder allmaehlich beginnen.

Die Chirurgie der praefrontalen Epilep-

sie fusst auf der Demonstration eines bes-
taendigen Herdes in der praefrontalen Zo-
ne. Tiefe Elekroenkephalogramme koen-
nen notwendig sein. Die Ergebnisse sowohl
der medizinischen als auch der chirurgis-
chen Behandlung fuer die Erleichterung
der Attacken sind verhaeltnismaessig gut.

DISCUSSION
C. Ajmone Marsan (Bethesda, Md., U.S.A))

As it is customary, Dr. Walker’s
presentation has been concise, clear and
interesting. My comments will bear only
on a few specific points but 1 also wish to
make it clear that my experience in this
field is rather limited and, in any case,
could hardly be compared with that of the
speaker, both in the clinical and in the
experimental approach to this general as-
pect of brain pathophysiology.

It is true that the anatomical and phy-
siological differentiations of the frontal
cortex are in general lost during epileptic
activation of the same structure. Dr. Wal-
ker has suggested some of the reasons for
this discrepancy. Somewhat akin to one of
such reasons is the experimental finding
that one can easily obtain in cat and mon-
key, when, by means of physiological tech-
niques, one attempts to plot the cortico-sub-
cortical connections or, to determine their
functional hierarchy. Thus, repetitive elec-
trical stimulation of most areas of the fron-
tal lobe will induce an after-discharge with
preferential projections to the non-speci-
tic portions of the brain-stem. This fact
manifests itself with the appearance of self
sustained, epileptiform activity within these
diffuse subcortical structures as the most
common and the most striking phenome-
non, particularly if one compares the re-
sults obtained by applying a similar expe-
rimental approach to other cortical regions.
Thus we have here, at least experimental-
ly, the substrate for a very rapid generali-
zation of a seizure which will then lose
most, if not all its characteristically localiz-
ing features.
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Dr. Walker has mentioned the occurren-
ce (apparently not so exceptional) of a
specific somatosensory or even visual aura
in cases of traumatic lesions of the frontal
lobe. In order not to complicate further
an already difficult field, it would be pro-
bably worth clarifying this point. If, as Dr.
Walker himself has pointed out, we may
be dealing here with epileptogenic foci
that are located outside the frontal lobe and
are actually in these specific sensory (i.e.
somatic or visual) regions of the cortex, in
spite of the frontal location of the trauma-
tic lesion, these unusual types of aura can
be reasonably accounted for and, in any
case, their occurrence should be considered
as being purely coincidental with the exist-
ing (and more obvious) frontal lesion.

Another point which I hope Dr. Walker
can clarify for me is that relating to the
report of the rather common absence of
“warning” in frontal seizures. It would be
of interest to know in how many instan-
ces were seizures actually observed, in
which the presence of some “warning”
could be reliably ruled out. Since Dr.
Walker has also told us that, for instance,
a patient would often have no memory of
the jerking of his limbs, is it possible that
the absence of warning be actually a me-
mory defect; that is, an incapacity on the
part of the patient to remember he had
some form of warning just before the
attack?

The experimental part of Dr. Walker’s
report was certainly impressing. In this,
the discrepancy has been emphasized be-
tween an apparently stereotyped clinical
1966,
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pattern, and a quite variable electrogra-
phic pattern of the seizure. This discre-
pancy is a well known, negative —and
discouraging— fact in the clinical field. In
the latter, we can, up to a certain point,
account for the discrepancy on the basis of
the great limitations in our scalp record-
ing technique, whereas, experimentally,
such limitations become much less impor-
tant. 1 wonder, however how is it possible
to be certain of the “stereotypicity” of the
clinical features since the description of

these depends, in general, on the simple
visual observation whereas the electrical
events can be objectively and precisely re-
corded. In view of the unquestionable im-
portance of the implications of the report-
ed findings I would thus appreciate it if
Dr. Walker could elaborate on the method,
and especially on the criteria with which
the numerous clinical features were asses-
sed in their temporal and motor patterns
and in their relation to the electrographic

changes.
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Bilateral Defect of Frontal and

Orbital Lobes

A clinical and psychological study

C. ARSENI, M. I.

BOTEZ, SEN ALEXANDRU, M. D. SIMIONESCU

Neuro-urgical Clinic “Prof. D. Bagdasar” of the

Broad bilateral resections of the frontal
lobes following cranio-cerebral trauma are
generally rare. The clinical observation
and psychological findings reported in the
present study are also of interest because
of the patient’s bilateral defect of the orbi-
tal lobes.

Clinical case report

The patient, aged 54 (case card N
73826) was admitted on April 1, 1965 for
fits of loss of consciousness following cra-
nio-cerebral trauma.

On October 6, 1944, he was wounded on
the front by a shell splinter which entered
the right frontal region and came out
through the left frontal region. The pa-
tient was unconscious for 6 days; esquil-
lectomy was performed and there remai-
ned a certain loss of bone substance.

It should be mentioned that before the
accident the patient was a capable and
energetic man; both as a lawyer and as an
officer he was professionally among the
foremost. After the accident, he suffered
from memory disturbances, and became
irritable and anxious; owing to the beha-
viour disturbances he was pensioned off in
1949.

In June 1964, the patient had a first ge-
neralized convulsive seizure; a second sei-
zure occurred two months later, and since

430 ~

State Hospital nr. 9, Bucharest, Rumania.

November 1964 the seizures became more
frequent, occurring every night and lasting
2-5 minutes. Most of the seizures took place
in the night time.

General examination. Lack of the bone
substance in the frontal regions, measuring
10/8 cm. (Fig. 1). Blood pressure 110/60
mm. Hg., pulse rate 78/minute.

Neurological —examination. Tendinous
reflexes were brisk on both sides, somewhat
brisker on the right. Cutaneous abdominal
reflexes were comparatively lower on the
right; the cutaneous plantar reflex was nor-
mal. There were no coordination or senso-
ry disturbances. Bilateral diminution of
the smell perception.

The patient had 1-2 psychomotor seizu-
res daily: the onset was sudden, accompa-
nied by obnubilation, carphologic move-
ments, mastication, verbal repetition or
other types of movement with an automatic
character. The seizures lasted about 3-5
minutes, and the patient could not remem-
ber anything that had happened during the
ceizure.

The electroencephalographic examina-
tion disclosed a high voltage background
tracing with a rapid irregular alpha rhythm
of 11-12 cycles/second; the rhythm was
intermingled with frequent theta waves of
5-6 cycles/second and frequent beta waves
of 18-22 cycles/second, and some low vol-
tage spikes. In hyperpnea, rare low voltage
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spikes appeared without any definite loca-
tion. Low voltage spikes sometimes appea-
red on the frontal leads on both sides
(Fig. 2).

On April 14, 1965, he was operated on
under general anaesthesia. The skin was
incised along the former frontal cicatrix
and the scalp was turned back. Bilateral
semicircular incision of the dura including
the paramedial pedicles; the falx was in-
cised after ligating the saggital sinus. After
turning back the dura, the lack of both
frontal poles up to the precentral area, and
of both orbital lobes up to the chiasma was
found; porencephaly was noted and the
frontal horns of the lateral ventricles could
be seen. There was a marked glicsis of the
temporal poles and in the precentral area
on both sides. The meningo-cortical adhe-
rences were detached and an electrocorti-
cographic control examination was perfor-
med. In the upper third of the middle
frontal gyrus, on the right side, an epilep-
togenic zone was found, and coagulated.
The electrocorticographic control examina-
tion did not detect other epileptogenic
zones. The dura was sutured and an acrylic
plaque was applied over the site of the mis-
sing frontal bone substance. The post-ope-
rative course was normal apart from the
fact that during 7 days the patient displa-
yed states of drowsiness alternating with

Fig. 1.

— Front cranial radiography.
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states of accentuated psychomotor agitation,
high blood pressure variations (arterial
blood pressure ranged between 190/100
and 80/60 mm. Hg), and temperature va-
riations within the same day (between
40°5 and 36°2 C). No change was noted
at the general neurological examination
and the EEG control examination.

The general mental examination did not
reveal any manifest psychical disturbances
except for a hypomaniac behaviour. Orien-
tation in time and space was correct. In ge-
neral, the patient remembered older events
better than more recent ones. For instance,
he related, correctly different periods of
his life; ke knew where he had fought in
the wartime and remembered the different
places he has passed through, giving pre-
cise details. Discalculia was not observed.
The reasoning and differentiation be-
tween various objects and persons were
correct, but rendered more difficult by his
hypomaniac behaviour.

Psychological findings

The psychological examination was per-
formed at the end of May 1965 when the
general state of the patient was very good;
there were no clinical signs of cerebral
oedema and the aspect of the EEG tracing
was stationary.

General bebavisur. The entire behaviour
of the patient showed a marked moriatic
colouring and a hypomaniac atticude. It is
of interest that at first sight, after a brief
examination, two of our psychiatrists said:
“If we hadn’t seen the post-operative cica-
trix we would have made a diagnosis of
hypomania™.

The patient was logorrheic, “wittily”
optimistic: according to his own words he
“tock everything lightly”. Thus, he called
a cigarette "'a coffin nail”, explaining that
tobacco was a poison which had made him
call it so. He was touchy at the slightest
allusion and sometimes reacted violently,
inadequately to the slightest irony. Each
test carried out was freely commented
upon, but the comments were frequently
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stereotypical. He was very sure of himself patient frequently alluded to his “con-
and he considered himself “honour bound” quests” and frequent adulteries.

to perform every test. There was a flight The reaction time was determined with
of ideas and during the examination the the help of visual and auditory stimuli with
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Fig. 2. — The electroencephalographic record (see text).
the reaction time apparatus. The visual The curves plotted following photic and

reaction time was at the upper normal li- auditory stimulations (in the course of 20
mit (201 miliseconds) and the auditory stimulations with 5 prior exercises at the
reaction time was slightly increased (185 beginning of each test, for training the
miliseconds as compared to 140-150 milise- patient) showed no significant disconti-
conds in the controls). nuity with a plateau aspect (decreased reac-
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tivity) of the auditory reaction time, the
patient presenting a certain degree of la-
tency (Fig. 3).

Perception. The rapidity, accuracy and
plenitude of perception was determined by
means of a Diehl mechanical tachistoscope;
several perceptive structures composed
of coloured geometrical figures of diffe-
rent shape, colour, number and spatial po-
sition were presented at an exposure time
of 110 miliseconds. The patient was asked

ORBITAL LOBES

to draw what he had seen; his drawings
were correct in a proportion of 35 9% as
compared to 100 % in the controls there-
fore, a high deficiency. Errors were found
with all the parameters, most of them
pointing to incomplete perception (Fig.
4 A and 4 B), particularly of the spatial
stimuli.

The perception of sizes was examined
by testing the possibility of building up
again the sequence of sizes. The patient was

—— Avdifory Fime reoction
——— Visval time reoctron

1234567879

T T

OHEDHNET RN 20

Fig. 3. — The auditory reaction time and the visual reactiom
time (see text).

given a group of 10 geometrical figures of
different sizes and was requested to arrange
them according to size, from the smal-
lest to the largest and conversely, from left
to right and right to left, from bottom to
top and top to bottom. The patient perfor-
med the test in 3 seconds, the same as the
controls.
Yol 5. —
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A normal performance was likewise ob-
tained on testing the colour perception,
when the patient had to sort out colours
of different shades.

The kinaestetic perception was determi-
ned with Michotte’s kinaesimeter. The pa-
tient reproduced, with elimination of the
visual analyzer, the standard distances with
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differences of 4 5 -+ 10 -+ 5, pointing to
an efficiency at the lower limit of the re-
production of movement.

The perception of tactile stimulations
was determined by the Galifret-Granjon
test. The patient’s performances were nor-
mal.

The perception of thickness was deter-
mined by the Decroly test with wooden ob-
jects; performances were normal.

The perception of complex visual struc-
tures, implying the perception of spatial
relationships between different objects was
done by the complex visual structure test,
developed and applied in cur laboratory by
Sen Alexandru and I. Vernea. The patient
was shown 20 photographs with 2-3-4-5
objects built one on top of the other in a
restricted space: on each photo, every ob-
ject could be considered both as the back-
ground and as the object of perception.
The patient was requested to look at and
name the objects: The patient performed
the test as well as the control subjects.

Simple auditory perception was exami-
ned by the location of auditory stimuli.
The patient was asked to locate the posi-
tion of an auditory stimulus source in 10
different places, starting from the vertex,
at variable distances. His performance was
normal.

The perception of rbythm, implying the
perception and reproduction of certain
complex auditory structures, was determi-
ned by the Mira Stambak rhythm test. The
patient obtained 17 points as compared to
21 in the controls. He was not able to per-
ceive the last four rhythms.

Memory. The capacity to memorize and
reproduce was examined by the “fifteen
word” test (Claparéde-Rey). The patient
was asked to chose 15 words out of the
basic word stock (every-day vocabulary), to
memorize them and reproduce them in 5
successive stages on the basis of auditory
perceptions; at the 5th stage he was able
to memorize 8§ words as compared to the
14 words of the control subjects, a fairly
poor performance.

The memorization curve presented a cha-
racteristic disharmonic aspect, made evident
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by the initial leap (I-II1) and by the sub-
sequent stationary aspect (III-IV-V) of the
performance.

Order of tests 1 11 Ir 1v A%

’

Patient 4 ¥ 7 8 8
4.

Controls 8.6 11.8 13.4 13.8 14.0

The ability to recognize was determined
by the “20 plus 20 portraits” test. The pa-
tient was given 20 photographs represent-
ing men and women (each photo was
shown for 2 seconds); the photos were
then mixed up with 20 more photos of
persons not shown before, and the patient
was asked to identify the former.

The patient gave 16 correct answers as
against 20 (160 per cent) of the controls,
and pointed to 19 of the photos not shown
at first; therefore in this test, too, he
showed a certain degree of visual memory
disturbances. During the test he discussed
each photo (for instance “I don’t know her,
but her hair is peroxided” or “here’s an
athlete”, etc.); during of one of the tests
he recited Eminescu’s poem ‘Luceafarul”
(The Evening Star).

The control test. An auditory reproduc-
tion test was applied, i.e. the "reconstruc-
tion test’. The patient was shown 10 sim-
ple geometrical figures (outlined in India
ink) arranged in a given order; after 2 mi-
nutes study, he was requested to arrange
them in the same order.

Although the test was repeated twice
(Fig. 4), the patient was not able to arran-
ge the geometrical figures in the same or-
der, even when only 7,5 or 4 figures (per
cent performance) were used. This was
the most severe defect recorded up till then
and must be corroborated with defective
perception of the position in space of the
stimulus at the tachistoscope test, i.e.
marked failure in the field of the spatial
perception pattern (memorization and re-
production of the perceived spatial struc-
tures).

Attention. The capacity of concentrating
one’s attention was determined by the Bour-
dhon test and showed a marked defect. In
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Fig. 4. — The wvisual memory test with reference to spatial orien-

tation (recognition of a sequence of objects) (Vermeulen’s figures

were used). In I, II and III the three repetitions that were
permitted (see text),

10 minutes (duration of the test) the pa-  signs as against 11, with an omission index
tient was able to go over 1840 signs as of 1.25 per cent as compared to 0.46 per
against 2474 of the controls and omitted 23  cent of the controls (7 in the 5th minute,
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11 in the 9th minute, 2 in the 10th minute
and 1 in the first three minutes), point-
ing to a defect following rapid fatigua-
bility.

The mobility of attention, determined
by the test of looking for numbers, pointed
to a severe defect (Fig. 5). The patient had
the greatest difficulty in locating the num-

bers on a plane perception space, although
the area was small (a 36/36 cm. square)
Neither did he identify methodically or
analyze the space, making several attempts
and many errors, with frequent and in-
creased latencies up to 33.5 seconds. He was
able to perform the test in 9 minutes as
compared to 3 min. 57 sec. of the controls
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Fig. 5. — Graphical representation of the test in which numbers

were looked for. Latency of the time necessary for finding each

number was written down. Note the presence of certain mo-

ments that appear fairly rhythmically and in which the latencies

show a significant increase, whereas the rest of the tracing is
in general close to that of the controls.

(in the individual variant, when the pa-
tient carried out the test by himself), ob-
taining an average of the latency periods
(36 numbers looked for) of 9 sec. as com-
pared to 3.46 seconds of the controls in the
surveyed variant (when each searching for
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a number is made under the supervision of
the examiner and marked down separately
from the viewpoint of latency.)

At the control identification test when a
geometrical drawing was shown for 2 se-
conds and then again shown together with

Vel 5. —
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4 bits of paper with similar drawings (Ben-
ton type), the patient was able to perform
the test in a proportion of 80 per cent as
against 100 per cent of the controls.

Thinking. The patient was subjected to
different tests, and the following aspects
were noted:

The classification and systematization ca-
pacity was examined by the sorting of pic-
tures and the Weigl test (geometrical fi-
gures), the answers were normal. The pa-
tient grouped correctly into 5 categories a
number of 15 pictures. However, the rea-
soning was linked to the category of the
objects in only two groups (cutlery, clo-
thing), for the other groups the criterion
was one of wtility, a critericn of inferior
type from the logical point of view to that
of the category criterion (“something to
eat”, "a travelling item”, "a toilet object”).

The patient performed the Weigl test
correctly both as regards shape and colour.

The coding test was carried out in a pro-
portion of 100 per cent, using the code
correctly and promptly translating the mes-
sage from the cipher into the letter system
showing a satisfactory mobility of thought.

The Koohs cube test was likewise per-
formed 100 per cent (in the 4 cube va-
riant).

The patient performed in 12 minutes, as
against the controls’ 5 minutes, the Sequin
test, but qualitatively the execution was co-
rrect without repeated trials and errors. The
patient worked according to a previously
cstablished plan, the resulting performance
being in keeping with this plan.

The exclusion test was likewise perfor-
med in a proportion of 85 per cent. The
patient eliminated correctly the notions
that did not correspond to the sequence of
ideas presented; the reason given was in
agreement with the criterion of exclusion
(“the apprentice is not qualified”, “spec-
tacles cannot be weighed”, “the walking
stick doesn’t cover anything”).

The similitude test was performed 75
per cent the patient determining correctly
the similarity relations. His critical spirit
was normally efficient. When the absurd
story test was proposed (Weisenburg-Mc
19G5

Vol. 5, — Numbar 34, —

Bride modified by us) the patient carried
cut a 100 per cent performance, formulat-
ing the absurd aspects of the story perfect-
ly, with short latencies.

The associative capacity (in the verbal
plane) was examined by the associative-
verbal experiment and was normal.

The wverbal construction capacity was
tested by means of the T.A.T. plates; cha-
racteristic aspects were found. The patient
understood the subject, but the story he
concocted took on a dramatic aspect, with
dialogues, exclamations and interjections,
with and adequate mimicry and intonation.
The patient gave moralizing advice to the
characters on the plates, telling them not
to behave wrongly again. In general, the
theme used by the patient was that of an
innocent girl abused by a man without
scruples, and themes linked to family to
family morals. Preoccupations of a sexual
character were visibly exarcerbated. For
instance, plate 1II represented a young
girl, sadly leaning her head on her right
hand. The patient immediately said: “Ah
pecor me! I believed him to be an honest
man” and “he has found another girl-
friend, I shall never talk to him again”.

The picture of a little girl with a doll
in her arms, talking to her mother, sugges-
ted the following: “what's the matter with
the child? I don’ suppose she’s thinking of
marrying, is she? Take care, child, you've
done wrong, don’t do such a thing again!”.
And the patient had been asked to construc
a story about the past, present and future
of the two characters in the picture.

Emotional sphere. The affectivity of the
patient had a maniacal colouring; he was
permanently euphoric, optimistic, logor-
rheic with a lively mimicry, rapid gestures
alternating with inhibitory latencies. He
laughed often, was amiable, argumentati-
ve, polite, ready to cooperate.

The patient was examined again two
months later, the same tests being used. The
performances were compared:

The capacity to memorize and reproduce
(examined in the course of 5 successive
examinations) yielded definitely better re-
sults:
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1st examination
4-7-7-8-8 words remembered.

2nd examination
5-9-11-12-13 words remembered

Better results were also obtained at the
recognition memory test. The patient re-
cognized 18 of the 20 photographs shown
him as compared to 16 at the former test,
and there was no mistaken recognition: he
also recognized the geometrical figures in a
proportion of 100 per cent as against 80 per
cent at the first test.

Visual memory with reference to spatial
orientation was just as poor as at the pre-
vious examination.

Attention. The capacity of concentrating
was improved as compared to the first exa-
mination. The number of signs he identi-
fied increased (from 1840 to 1960), the
number of omissions was lower (from 23
to 10).

It should be mentioned that the patient
talked incessantly while performing the
tests. He uttered aloud every letter that had
to be checked. He would say: "Before an
hour passes, I'll be ready. Not a letter will
remain unchecked. I do know something
about sports. They're awfully complicated
but I know everything about them, though
people say I'm mad”.

Thinking. At the Koohs test the same
performances were maintained. The exclu-
sion test was performed 100 per cent as
compared to 85 per cent at the previous
examination.

DISCUSSION

Many studies have been published on the
effects of lobectomy in animals (Fulton 7,
Messini ¥, German ® and in man Bianchi 2,
Schuster '*, Brickner *, Ackerley and Ben-
ton ', Freeman and Watts 4, Prick ).

The psychological findings after the se-
cond intervention can be divided into three
groups:

— prevailing symptoms evident at the
first contact with the patient;
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— visible disturbances on careful exa-

mination;
— normal findings.
A. The most important disturbances

which dominated the clinical picture were
in the emotional sphere, the patient behav-
ing in a hypomaniac manner. Of interest
regarding his behaviour are the flight of
ideas which took on the following aspects:

a) a tendency to megalomania, origina-
lity, the desire to show his superiority in
all spheres. Euphoria and a tendency to jok-
ing, mostly inadequate, appeared to the
foreground of the clinical picture;

b) the patient commented upon each
test, was combative and considered every
test as a "debt of honour”. Of interest was
his tendency to concrete thinking, to a
childish manner of living in the concrete;
this as noted in the way in which he in-
terpreted the T.A.T. plates, the patient
talking to the characters on the plates;

c¢) he was preoccupied by the sexual as-
pects and often made jokes and gave his
opinion in this connection, his sexual po-
tency being considerably diminished after
the first operation.

This case agrees with the findings of
Brickner * who observed in his patient
ideas of grandeur and a childish arrogance
with a strong belief in his own powers. In
his case the disturbances were made evident
after a careful examination, since at first
sight he appeared to be normal. At any
rate, it appears that disturbances in the
menta] sphere which develop after bilateral
frontal lobectomy may be divided, accord-
ing to Brickner® into symptoms with
an emotional colouring and symptoms
without an emotional colouring. This was
also confirmed by our patient.

The increased reactivity to emotions and
distractiveness have been attributed to the
lack of control over the subcortical vege-
tative structures (Messimy, %),

In our case the disturbances in the emo-
tional sphere were probably more accen-
tuated because of bilateral coinvolvement
of the orbital lobes, whose role in emotio-
nal mechanisms is well known (Livingsto-
ne, Fulton et al.,, 7).
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B. Other evident psychological altera-
tions were:

a) Evident disturbances in the field of
visual perception of mcvement and visuo-
spatial perception. The position of the sti-
muli in space was extremely defectively
perceived by the patient under rapid ta-
chistoscopic presentation conditions. This
observation, which we consider of particu-
lar importance, may be correlated to the
findings of H. L. Teuber'' who men-
tions that in patients with frontal lesions
strange disturbances develop in connec-
tion with the location of certain visual re-
ference points, when appraising unusual
positions. It is worthy of note that the vi-
suo-spatial memory disturbances were still
present at the second psychological exami-
nation,

b) Evident alreration of the mnemic
function occurs both in the auditory and
the visual sphere; in the course of the sub-
sequent evolution the tests showed a slight
tendency to improvement. At the recons-
truction test, in contrast to certain data in
the literature cited, visible difficulty was
shown to exist in the ability to learn by
visual memory, a defect which may be corre-
lated with the defect in perception of the
position of the stimulus in space observed
at the tachistoscopic examination.

¢) Disturbances in the concentration
and fixing of attention, especially severe
in our patient, and which are likewise re-
ported in literature, showed a slight ten-
dency to improvement.

d) As regards the process of thought as
such, there is a fact of particular importan-
ce, i.e. at all the tests at which it was pos-
sible to use the patient’s former experien-
ce (as for instance in the test using con-
cepts of size or concepts of left-right, the

SUM

The clinical history of a patient with bi-
lateral post-traumatic defect of the frontal
and orbital lobes is presented.
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Weigl test, the exclusion test, the similitu-
de test, etc.) his performance was compa-
ratively good. These negative findings are
in keeping with those of Nauta and Teu-
ber '°. On the contrary, when the patient
was tested in a way that did not permit
the use of reference points from his past
experience (as for instance to reproduce a
sequence of geometrical figures in an or-
der arbitrarily established by the exami-
ner), his performance was very poor and
became, with time, still worse.

e) His critical spirit, as concerns the
solving of intellectual problems was effi-
cient, whereas as regards social behaviour,
it showed a constant tendency to decrease.
In this latter connection there was also an
evident diminution of self-control.

The defect in planning one’s activity, or
the defect in the possibility of organizing
one’s behaviour according to past experien-
ce has been reported by Ackerley and Ben-
ton '. The impossibility of learning any-
thing new and the diminution of control
are particularly severe defects acquired in
bilateral frontal lesions.

C. The performance of the patient was
normal in all the tests involving the per-
ception of sizes, outlines, thickness and
complex auditory and visual structures. A
good performance was likewise obtained in
one of the thinking tests.

In conclusion, it may be stated therefore
that the psycho-pathological findings de-
monstrates an unequal performance within
the framework of various psychic proces-
ses. The more accentuated disturbances ap-
peared in the affective and emotional
sphere of life, in fixing the attention, and
in the field of both visual and auditory
reproduction. Of particular interest are the
memory and visuo-spatial recognition dis-
turbances.

MARY

The general behaviour and the mental
functions are studied. Patient’s maniacal
behaviour, childish baldness, visual percep-
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tion of movement as well as visual-spacial
perceptions are particularly considered.
The findings obtained by serial psycho-

logical examinations are discussed as com-
pared with the data of the literature.

RESUMEN

Los autores publican la observacion cli-
nica de un enfermo que presenta una le-
sion bilateral de origen traumatico de los
I6bulos frontales y orbitales. Se analizan
‘tanto e] comportamiento general como las
diversas funciones intelectuales del en-
‘fermo.

Los autores insisten en el comportamien-

to maniaco y en la arrogancia infantil del
enfermo asi como en los disturbios que el
mismo presenta en el campo de la percep-
cion visual del movimiento y del espacio.

Los datos que los autores obtuvieron me-
diante examenes psicologicos repetidos se
discuten en relacion con los datos de la li-
teratura.

RESUME

Les auteurs présentent un cas clinique de
Iésion bilatérale du lobe frontal et orbitaire
secondaire a un traumatisme cranien. L'on
a étudié le comportement général ainsi que
les différentes fonctions intellectuelles.

On insiste sur le comportement maniacal
sur l'arrogance puérile sur les troubles de

la perception visuelle du mouvement ainsi
que sur la perception visuo-spatiale du ma-
lade.

Les données ainsi obtenues par les exa-
mens psychologiques successifs effectues
sont comparées a celles de la littérature.

ZUSAMMENFASSUNG

Es wird uber den klinischen Zustand ei-
nes Patienten mit bilateraler traumatischer
Verletzung der frontalen un orbitalen Hirn-
lappen berichtet. Sowohl das allgemeine
Verhalten des Patienten als auch die ver-
schiedenen Funktionen des Intelekts wer-
den analysiert.

Auf das maniakalische Verhalten des Pa-

tienten, auf seine kindische Arroganz, auf
die Storungen im Bereich der optischen
Wahrnehmung der Bewegung und des Rau-
mes wird niher eingegangen. Die an diesen
Patienten durch wiederholte psychologische
Untersuchungen erfassten Befunde werden
den Angaben der Literatur gegenueberge-
stellt,
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Case of Disturbed Music Expression
After Severe Brain Injury

by KORNELIUS KRYSPIN EXNER and KLARA WEINGARTEN
Neurological Clinic of Vienna (Prof. Dr. Hans Hoff)

Ever since amusia had been subject of
theoretical examination the relationship
between music and language and their pa-
thological disturbances were discussed
in Neurophysiology and Neuropathology.
Nowadays, however, much more attention
is paid to the disturbances of speech in
frontal lobe lesions than to the socalled
amusic disturbances: i. e. impressive and
expressive disturbances of music and the
disturbances in the relationship of music
and language. We want to give a brief des-
cription of a case showing the combination
of expressive amusia with a comparatively
rare pathological modification of speech.

A 45 years old foundry worker was un-
conscious at his hospital admission after a
heavy road accident in October 1956. 2 days
later he regained consciousness. X-ray re-
vealed fracture of base of skull. Patient de-
veloped symptoms of motoric aphasia and
spastic hemiparesis. In the course of reha-
bilitation of this aphasic disturbance the
man slowly regained his faculty to speak,
describe objects, colours and pictures. Fa-
culty to read, write and count was undis-
turbed. Spontaneous speech faultless, un-
derstanding normal. But the patient sud-
denly was unable to speak dialect, none of
his relatives could understand him properly.
His accent was peculiar, a kind of clumsy,
literary German; it sounded, as if this lan-
guage were not his native tongue.

At second admission in October 1958 he
was partly successful in speaking idiom,
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Neurological Department of Hanusch-Hospital

Vienna (Prof. Dr. Klara Weingarten).

but one had the impression to hear a fo-
reigner imitating Austrian dialect. His
speech was not at all monotonous, the into-
nation perfectly right. The situation did
not change when he spoke to different per-
sons.

The second important disturbance no-
ticed was the inability to sing or to find
melody, or even to recognize tunes, al-
though the patient had loved music and
had been member of a choral society be-
fore his illness. He furthermore could not
remember the text of the songs he had
known before. It must be mentioned that
the patient’s musical talent was average, he
had never learned to play an instrument.
The man was examined according to Aw-
guste Jellinek’s scheme.

The result was the following: in October
1958 the patient was able to sing indivi-
dual sounds, imitate sounds and whistle,
but he was not able spontaneously to pro-
duce a melody, a harmonic succession of to-
nes. He had also difficulties in finding the
right text. He could remember neither text
nor melody of the numerous songs known
to him before his illness. He was fully
aware of this inability.

If a melody was sung to him, he could
carry on for a short time, but soon he lost
the tune, the rhythm being comparatively
correct.

He could easily reproduce individual
sounds sung to him, but had difficulties in
the imitation of simple, wellknown tunes,

Vol, 5. — Number 13-4,
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the worst was spontaneous singing or sing-
ing with instrumental accompaniment. His
understanding of music was undisturbed,
the patient reccgnized melodies and pieces
of music, he could also note mistakes.

There were no difficulties in describing
the measure of a musical piece, in imita-
ting rhythm and beating time of known
melodies. Noises were recognized by him.

Neurological findings: brain nerves ex-
cept weakness of innervation of right oral
facialis normal. In the right upper extre-
mity slight spasticity, minor weakness.
KNIPS on the right, reflexes on the right
more pronounced. At VA weaker sink and
pronation tendency at the right, BDR and
CrR without difference.

In the lower extremities tonus normal,
strength slightly reduced on the right, Ba-
hinski right. PSR and ASR more pro-
nounced right. No frontal signs, no cere-
bellar signs, gait slightly spastic paretic on
the right.

Encephalography: revealed atrophic pro-
cess with local atrophy on both sides fron-
tal, basal, slight deformity of the frontal
part of the ventricular system to the left
side.

Cranial Xray: normal, no indication of
fissure or fracture lines.

EEG: slighty abnormal with monophasic
Alpha and Theta above the lateral parts
of the left hemisphere.

Opbhthalmological finding: anophthal-
mus after enucleation 1948 because of trau-
ma on the left side. On the right: normal
finding fundi and field of vision normal.
Vision was 6/6 Jg L

Otolaryngological finding: on both sides
slight defective hearing of the internal ear,
stimulation of vestibularis equal on both
sides, sedimentation rate 3/2, RR 140 /70.

WaR. negative in liquor and serum. Li-
quor 30 mg%. 6/3 cells.

Summarizing the findings, there are 2
symptoms, each in itself as well as their
combination appear remarkable,

Firstly the patient’s inability to reprodu-
ce tunes, secondly his altered language, i. e.
loss of his idiom after trauma.

Since Falret 1876 first observed a case of
Vol. 5, —

Number 3-4 - 196,

motoric aphasia who was unable to speak
but could sing, a series of similar cases
have been described.

Less frequent were amusic disturbances
after restitution of aphasia. Our case be-
longs to the latter group. The fact, that
recognition and understanding of melodies
was undisturbed and merely the production
of melodies affected let us assume expres-
sive motoric amusia.

Feuchtwanger distinguishes 2 forms:

1. expressive amusia of the dyspractic
(apractic amusia, the proper motoric amu-
sia)

2. constructive amusia (resp. construc-
tive musical agnosy).

Our case completely lacked signs of apra-
xia, above all kinetic (“gliedkinetische™)
apraxia of oral, labial and laryngal mus-
culature. The faculty to sing and whistle
a few sounds, was, as already mentioned
above, preserved, a motoric - apractic dis-
turbance in the sense of Liepmann there-
fore could not be proved.

Considering Kleists's classification our
case cannot be regarded as a thumbness of
sound corresponding to dyspractic amusia
described by Feuchtwanger but as a thumb-
ness of melody with paramelodic distur-
bances respectively with pronounced diffi-
culty in finding melody, (melodic amne-
sia). There is no indication of a disturban-
ce of motional ideation in non-music prac-
tises.

Our case, therefore, doubtlessly repre-
sents a fairly pure form of constructive
amusic disturbance, although Feuchtwan-
ger could not prove such pure forms so
far, but has merely seen combinations of
constructive and dyspractic disturbances. It
strikes us as not very important that the
patient could not play an instrument, the
difficulty in textfinding without other
signs of aphasia are no theoretical problem.
As stressed by Hoff, the text words in
connection with singing are on a compa-
ratively low level, they therefore may be
rather adjoint to melody than to speech.
It is well known that for healthy people
sometimes melody is necessary to remem-
ber the words.
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According to existing literature, classifi-
cation of amusic disturbance in our case
seems to be quite easy. It is difficult, how-
ever, to classify the disturbance of expres-
sive speech. To explain the patient’s inabi-
lity to speak idiom and his changed, pe-
culiar pronounciation, we may assume two
factors.

According to many authors, i. e, Bing,
Minkowski, Kleist, Isserlin, eic., the loss of
the faculty to speak dialect and the re-
maining use of literary language indicate
the connection with the group of aphasias
in polyglots. As result ot this assumption
we may regard our case as an exception of
Pitres rule (1896) according to which in
the course of restitution of aphasia the
most familiar language is first of all res-
tored. It seems to be a disturbance belong-
ing to the group of Kauders “polyglot-
tic reactions”. Doubtlessly psychodynamic
factors are of some importance.

Minkowski described a similar exception
of Pitres theory. He reports the case of a
Swiss - German, speaking typical Swiss
idiom who suffered a cranial trauma with
motoric aphasia. In the course of rehabi-
litation of aphasic disturbance, this man
suddenly spoke literary German. Even one
vear after his recovery his language was
strange, his familiar accent only slightly
traceable. After the accident the patient
was also unable to sing. Unfortunately no
detailed analysis is given in regard to amu-
sic disturbance. For the explanation of the
aphasic disturbance besides the psychic fac-
tors Minkowski believes the optic moment
in the literary language to be of impor-
tance in the course of restitution. Thus ac-
quired languages in some cases would be
restituted quicker than the mother tongue
that was learned by hearing, while foreign
languages are consciously acquired with the
support of the acoustic, motoric and optic
apparatus.

Comparing Minkowski's case with our
observation, the parallel is striking. It must
be considered, however, that Swiss dialect
greatly differs from the Austrian idiom.

In regard to the aphasic disturbances in
our case and considering the psychic fac-
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tors we may assume the disturbance to be
a polyglottic reaction. '

Another interpretation must be men-
tioned. As already stated above, the litera-
ry language that the patient used after the
trauma was peculiar in sound. There can be
no doubt that the music elements of speech
have changed after the injury. As already
pointed out by Kroll the music qualities of
speech, rhythm and intonation are of great
importance.

According to Kroll even the intervals
must not be regarded as something passive
or negative, but as an active inability pro-
cess, the disturbance of which may lead
to the distortion of whole structure of a
sentence. Kroll believes that the music qua-
lities of speech, that often reveal the affec-
tive state of a person, are phylo —and
onto— genetically older than the articu-
lated speech, which may be considered as
the intellectual part of the language.

Monrad - Krohn described the music
qualities of the language as “prosodic”
qualities and observed their isolated dis-
turbances.

As prosodic qualities he names the stress
of syllables and words, rhythm of speech
and intervals, change of musical pitch and
stress of tone from syllable to syllable and
finally the speed of speech.

It is the prosodic qualities that give the
expressive force to speech. In the patholo-
gical changes of the prosody, Monrad -
Krobn differentiates between a change of
the melody, dysprosody, and a loss —hy-
po— 1. e. aprosodia, as it is often the case
in the lesion of the basal ganglia, specialiy
in Paralysis agitans. Dysprosody, according
to Monrad - Krohn, is a disturbance of the
higher functions. In this respect it may be
compared with Feuchtwanger’s constructive
amusia. It must be stressed, however, that
Monrad - Krohn objects to a connection
between melody and speech and the spe-
cific musical expression; in his cases of
dysprosody he specially refers to the ab-
sence of amusic disturbance: “Prosody is
a linguistic means of expression and may
be disturbed independent of the musical
taculties; disturbances of prosody have no-
thing to do with amusia.” It must be
1965,
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stated, as it is also stressed by Monrad -
Krohn, that this kind of music ability of
expression must be a phylo —and onto—
genetic earlier development. According to
Jackson’s theory it will be of greater re-
sistance towards brain lesions than no later
acquired qualities. lIsserlin, for instance,
emphasizes, how surprising it always is to
realize that patients with severe paragram-
matic disturbances speak with pronounced
natural sentence melody. Both statements
possibly explain the scarce observation of
dysprosody and the naturally rarer com-
bination with motoric amusia. According
to Monrad - Krohn's definition our case
may be regarded as a dysprosodic distur-
bance of speech.

To the question, whether it is a poly-
glottic reaction or a dysprosody in the sen-
se of Monrad Krohn, no definite answer
can be given.

To the definition of both conceptions
and the possibly existing connection little
attention has been paid so far.

Concerning localization opinions on mo-
toric amusia differ. Kleist localized lesions
causing motoric expressive amusia in the
third frontal gyrus; Henschen in the pais
triangularis of the 3rd frontal gyrus. Some
authors have pointed out, that amusia in
general is not merely, as speech, represen-
ted by lesions in the left hemisphere. Kroll
stresses that singing, as a primitive, phylo-
genetically older function, seems to be mo-
re attached to the right hemisphere.

Feuchtwanger states, that music, a very
complex function, cannot be strictly loca-

lized, Kleis pleads for a bilateral represen-
tation. As to our case it is remarkable that
besides a massive atrophy in the left fron-
tal lobe an atrophy of smaller degree
could be proved by EEG in the right fron-
tal lobe.

Monrad - Krohn believes that dysprosc-
dy is not caused by a local lesion, he assu-
mes prosody of speech to be the result of
the general activity of the brain. This may
also be applied to the disturbances in po-
lyglots, whereby Potzl, however, assigns a
special distributing function to the gyrus
supra-marginalis.

We are therefore inclined to believe that
lesions of the frontal lobe on both sides
may be responsible for a disturbance of the
faculty of music expression.

Summarizing the existing theoretical
considerations, we are bound to stress the
problem concerning the connection be-
tween the guiding symptoms, namely the
motoric amusia and aphasia in polyglots,
respectively dysprosody. In both instances
faculties of music expression are affected.

Returning to the question about the
connection of music and speech in neuro-
physio and neuropathology we want to
quote Feuchtwanger: “In my opinion the-
re is not cnough empirical material of
significant cases that would prove a pu-
rely acoustic (constructive) disturbance of
expressive speech including amusic expres-
sive disturbance. Therefore examinations
concerning expressive aphasia in connection
with music expression must be carried on
in the future.”

SUMMARY

A case of motoric aphasia with right-
sided hemiparesis occuring after a severe
cerebral concussion is briefly demonstrated.
After restitution of aphasia the faculty to
speak dialect was lost and merely literary
German with a peculiar, strange accent
was spoken. At the same time disturbances
of singing and finding meiodies with well-
preserved understanding of music ap-
peared. Difficulties in the classification of
the aphasic disturbance in this special case
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are discussed. It could be interpreted as
aphasia in polyglots as well as dysproso-
dy in the sense of Monrad - Krohn. The
connection between expressive amusia and
the mentioned aphasia with isolated dis-
turbances of music elements of speech is
also pointed out.

Considering similar cases in the litera-
ture and the encephalographic findings in
the presented case, localisation of the des-
cribed lesions is discussed.
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RESUMEN

Se expone brevemente un caso de afasia
motora con hemiparesia del lado derecho,
aparecida luego de un grave traumatismo
cerebral.

Luego de la recuperaciéon de la afasia el
paciente habia perdido la facultad de ha-
blar en dialecto y hablaba solamente ale-
man literario con un acento extrafio y muy
particular. Al mismo tiempo aparecieron
alteraciones en el canto y la evocacion de
melodias aunque se manteaia bien conser-
vada la comprension de la musica.

Se discuten las dificultades en la clasifi-
cacion de la perturbacion afasica en este
caso especial. Pudo ser interpretada como
afasia en poliglotas asi como tambi¢n como
disprosodia en el sentido de Monrad-Krohn.
Se schala también la relacion entre amusia
cxpresiva y la mencionada afasia con alte-
raciones aisladas de los elementos musica-
ics del lenguaje.

Se discute la consideracion de casos st-
milares en la literatura, los hallazgos ence-
falograficos en el caso presentado y la lo-
ceiizacion de las lesiones descritas.

RESUME

OUn expose britvement un cas d’aphasie
motrice accompagnéee d'une hémiparesie du
coté droit, survenue apres un grave trauma-
tisme cerebral.

Apres la disparition de son aphasie le
patient avait perdu la faculté de parler en
dialecte et parlait seulement un allemand
littéraire avec un accent étrange et tres par-
ticulier. En mtme temps apparurent des
altérations dans le chant et I'évocation de
melodies, tandis que la compréhension de
la musique ¢tait encore bien conservée.

On discute les difficultés qui existent

ZUSAMME

Es wird ein Fall von motorischer Aphasie
und rechtzeitiger Hemiparesie infolge einer
schweren zerebralen Konkussion kurz be-
sprochen. Nach der Heilung der Aphasie ist
die Fachigkeit im Dialekt zu sprechen ver-
loren gegangen und es wurde nur ein lite-
rarisches Hochdeutsch mit eigenartigen,
seltsamen Akzent gesprochen. Zur selben
Zeit stellten sich Stoerungen beim Singen
und Einfallen von Melodien ein, waehrend
das Musikverstaendnis gut erhalten blieb.
Es wurden die Schwierigkeiten bei der
Klassifizierung der aphasischen Stoerung
in diesem speziellen Falle besprochen.
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pour la classification du déreglement apha-
sique dans ce cas particulier. 1l a pu etre
interprété comme une aphasie de polyglo-
tes et aussi comme une disprosodie dans
l2 sens de Monrad-Krohn. On signale aussi
la relation entre l'amusie expressive et
I'aphasie avec des altérations isolées des
¢léments musicaux du langage ci-dessus
mentionnee,

On discute la considération de cas simi-
laires dans la littérature, les données encé-
phalographiques dans le cas présenté¢ et la
localisation des lésions décrites.

NFASSUNG

Sie koennte als eine Aphasie bei Poly-
glotten aber auch als Dysprosodie im Sinne
von Monrad-Krohn interpretiert werden.
Die Verbindung zwischen der expressiven
Amusie und der erwaehnten Aphasie mit
isolierter Stoerung von Musikelementen
der Sprache wird hier hervorgehoben. In-
dem man aehnliche Faelle der Literatur
und die EEG-Aufzeichnungen in dem prae-
sentierten Falle in Betracht zieht, wird die
Lekalisierung der beschriebenen Laesionen
diskutiert.
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Higher Cortical Functions in Man by
Aleksandr Xomanovich Luria, (English
transiation by Basil Haigh). Prefaces by
Hans Lukas Teuber and Kari H. Pribram.
Bosic Books, Inc., Publishers. Consui-
tants Bureauv, New York 19466,

Cerebral cortex has always becen a thril-
ling subject; at present its study wins great
interest as the most varied techniques in-
corporated to medical research as a result
of scientific progress are applied to it.

Electron microzcopy, Biochemistry, Elec-
trophysiology and Pharmacology ars some
of the basic disciplines introduced with the
purpose of attaining the intimacy of cere-
bral cortex.

The examination of p:ychic activity
pointing to the definition of cortical dis-
turbances of the brain has become an in-
indispensable part of clinical investigation
in Neurology, which is directed towards the
localization diagnosis of a lesion as well as
towards the appreciating of the restoration
of formerly disturbed brain functicns.

The book follows the Pavlovian trend
both concerning the applied methodology
and the concepts for the interpretation of
cortical function of the human brain in
psychic activity.

The author states that the main purpose
of his research is to study the action of
a specific analyzer in the structure of each
functional system and also what kird of
disturbance of higher cortical function re-
sults as a consequence of the lesion of one
of the responsihle cortical divisions.

The book is divided into three parts, the
first dealing cn higher mental functions and
their organization in the brain, the second,
on disturbances of the higher cortical func-
tions in the presence of local brain lesions,
and the third, on methods of investigating
the higher cortical functions in iceal brain
lesions (syndrome analysis).

The author rejects the notions of centers
in the form of large and small groups of
cells directly rezponsible of specific mental
processes.

He sustains the concept that localization
of higher mental functions is wide and dy-
namic over the cortex and that it is based
on constellations of groups of cells topogra-
phically disseminated but working synchro-
nically and exciting themselves mutually.
Yol 5.
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In the chapter dealing with the structural
crganization of the cerebral cortex, the au-
thor presents the concept of primary, ce-
condary and tertiary fields, which —in a
ncrmally functioning brain— act together
with their sy:ztems of relay and connection.
among themselves and betwecen them and
the subcortical divisions of the analyzers
working like an elaborately differentiated
whole.

The author ctates that the disordor
produced as a conzequence of a pathologiczl
alteration in the state cf a precise area of
the brain, seldom leads to the loss of func-
tion but favors the appearanc: of depres-
sicn symptoms or of stimulation of the
activity of that area.

Armong the perturbations arising after le-
sicns of the occipital and occipito-parietal
regions, different kinds of perception distur-
bances are trcated as well as agnosias, spa-
tial disorientation, disturbed logical-gram-
matical and arithmetical operations and
altered inteliectual proccsses.

The disord=rs of intcllectual operations
observed in lesions of the premotor region
are probably associated to disintegration of
the dynamic patitern of speech acts. In these
cases capacity to perform spatial synthesis
and logical-grammatical operations is pre-
served, which differentiates these patients
from those with parieto-occipital lesions.
Defects of dynamic in intellectual processes
are a part of a general disturbance syndro-
me of the kinetic organization of different
motor acts.

Lesions of the frontal lobes lead to con-
siderable changes appreciable in the statc
of the cortical divisions of the motor analy-
zer, and also cause major alterations of the
regulation of motor and autonomic processes
by means of the system of verbal connec-
tions. In this kind of patients the systems
of preliminar synthesis formed with an in-
fluence of speech connections and determi-
nants of the subsequent course of mental
and nervous processes seem to be the most
affected ones.

This book constitutes a contribution of the
highest quality to psychoneurologic litera-
ture. It is written by an outstanding autho-
rity on that field, well known all over the
world, who exhibits a nice example of cli-
nical scientific investigation following the
Pavlovian trend. It will be of great interest
for meurologists, psychiatrists and psycho-
logists.

V. Soriano
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