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The “sensory centres”

In 1896 Flechsig was still under the
influence of Hermann Munk (1890)
who had assumed that the cortex
consisted of sensory centers, each
equipped with efferent descending
projection systems — olfactory, visual,
auditory and — anterior to the last, the
somatic sensory sphere (“Korperfuhls-
phare”). This sphere also contained the
kinaesthetic images of motor action
induced by efferent fibers in the
subcortical ganglia which, from Burdach
(1819-26) until the time of Meynert,
had been widely regarded as the
highest motor centers. In 1905a,
however, Flechsig had shed most of
the influence of Munk. By then he had
taken cognizance of the research of
Grunbaum and Sherrington (1902,
1903) and realized that “in the highest
anthropoid all stimulable points of the
type of Fritsch and Hitzig are
concentrated within one gyrus, namely
the precentral gyrus, so that we can call
this the motor gyrus . . . in man, too,
the motor centers of the type of Fritsch
and Hitzig are restricted to the
precentral gyrus and the immediately
adjacent part of the first frontal
convolution. The central sulcus here
too is the posterior boundary of the
motor zone . .. Occasionally a larger or
smaller part of the motor centers,
especially of the fingers, gets into the
postcentral convolution, but, according
to my own embryological studies, only
exceptionally. As a rule we have to
assume that all voluntary motor
impulses leave the cortex from the
precentral gyrus . . .”

“Embryology shows very clearly
pathways entering the motor gyrus
from below which are in connection
with peripheral nerves subserving the
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general sensitivity of the body. Only a
few of these pathways end immediately
between the motor cells . . . Much
more numerous are the sensory
pathways which enter the postcentral
convolution, that part of the cortex
which anatomically as well as func-
tionally is most intimately connected
with the motor zone, and embryologic-
ally is nearest to it. Pathological
observation shows therefore, that
isolated lesions of the postcentral
convolution are much more regularly
followed by disorders of sensibility, yet
these observations do not preclude
that all sensory qualities are connected
with both central convolutions, only
quantitatively in a very different
manner” (von Bonin, 1960, pp. 183
and 184). With the assumption of a
separate influx of thalamic fibers into
both Rolandic gyri Flechsig, as we
shall see presently, anticipated, at an
early date, the probable solution of a
vexing problem that later investigators
had to face.

Flechsig (1905a) was early in accept-
ing Grunbaum and Sherrington’s
“motor cortex” within the precentral
cortex and adjacent part of the first
frontal convolutions in the human
brain — with minimal overspill into
the ventral part of the postcentral
gyrus; he was closely followed by Mills
and Frazier (1905-1906), Cushing
(1908) and Krause (1911). Moreover,
from his own embryological research
Flechsig concluded that the post-
central cortex was predominantly
sensory. This was four years before
Cushing (1909) reported the responses
to his famous electrical stimulations in
the postcentral gyrus of two conscious
patients: they both felt sensations of
tingling and numbness in bodily parts
which closely corresponded with anal-
ogous motor phenomena in the
precentral convolution.
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Recent work on the temporo-parieto-
occipital region

Much of the criticism of Flechsig
was based on his contention that this
region is the seat of intelligence (The
“logos™ in its double semantic signifi-
cance as word and conceptual thought).
A beginning of a better formulation
was made in 1948 when Ritchie Russell
spoke of the “tools” of intelligent
behavior, thus taking the sting out of
the criticism. In 1961 McFie hailed the
advent of a “New Phrenology” and
Piercy (1964) concluded “that general
intelligence is not mediated indifferently
by the brain as a whole, and that
specific aspects of intelligence may be
selectively affected by focal lesions™ —
an interpretation which is close to
Russell’s “tools”.

ANATOMICAL ASPECTS

In 1969, Jones and Powell began
their comprehensive work on the finer
organization of the zone by investigat-
ing the connexions of the somato-
sensory cortex in the rhesus monkey
by making large ablations in motor
and sensory and also in other cortical
regions. After short survival the
animals were killed and the brains
investigated by the Nauta-Gygax or
Fink-Heimer methods. The authors
found that S1 and S2 are reciprocally
connected with one another and with
area 4 in a topographically organized
manner. Each also sends fibers to the
supplementary motor cortex in area 6,
but only S1 projects to the parietal
cortex, area 5. Apart from area 4 no
other cortical area sends fibers to the
somatosensory cortex. As the authors
reported in a subsequent paper (1970a)
this is the only major point of
disagreement with the findings of
Pandya and Kuypers (1969) who,
applying a similar technique in monkey’s
brains, had described a projection
from area 6 to the postcentral region.

Jones and Powell (1969) also found
that areas 3, | and 2 (which constitute
S1) are interconnected reciprocally by
fibers which do not exceed the borders
of S1. Part of area 3 (3a of C. and O.
Vogt, 1919 and M. Vogt, 1928) is a
transitional zone between area 4 and
the somatosensory cortex, but accord-
ing to Powell and Mountcastle (1959)
from the standpoint of function, it
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must still be considered to belong to
the sensory cortex. Jones and Powell
postulated that area 3a may receive
afferents from the skeletal muscles and
such a pathway was indeed proved to
exist by Phillips, Powell and
Wiesendanger (1971): by recording
cortical potentials after peripheral
stimulation, these authors described a
direct pathway from slow-threshold
muscle afferents of hand and forearm
to area 3a of the baboon’s cortex. That
there is indeed no direct connexion
between the two was confirmed in an
ingenious experiment by Wiesendanger
(1973): stimulating the afferents from
the hand and forearm muscles and
comparing the potentials in the
relevant areas in the sensory and
motor cortices, he showed that the
shortest precentral latencies were more
than twice as long as those measured in
the postcentral; he was led to postulate
additional and perhaps complex cortico-
cortical connexions between 3a and 4.

The anatomical connexions between
the parietal, temporal and occipital
cortex have aroused great interest
during the last three decades (Kuypers,
Szwarcbart, Mishkin and Rosvold,
1965; Pandya and Kuypers, 1969;
Jones and Powell, 1970a; Nauta, 1971,
to mention the most important publi-
cations). There is much agreement
between the individual contributions,
as Jones and Powell pointed out in
their paper on the converging sensory
systems. According to these authors,
the principle of convergence is simple:
each primary sensory area projects to
the adjacent field within the parietal
and premotor area 6. For example, the
somatosensory cortex projects to
Brodmann’s area 5 and the supple-
mentary motor cortex in area 6 which,
in their turn, are reciprocally inter-
connected. Area S sends fibers into the
adjacent area 7 and the rest of area 6.
The primary auditory cortex has
reciprocal connexions with area 22
(superior temporal cortex) and from
there to areas 21 and 20. The striate
cortex sends connexions to the pre-
optic belt and from there to area 7; this
appears to be an important inter-
mediary station where several sensory
systems are collected, sending fibers to
the areas 20 and 21 in the inferior
temporal cortex which forms the end
station within Flechsig’s posterior
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associational center. Jones and Powell
(1970a) suggested that the temporal end
station was situated in the depth of the
superior temporal sulcus which may be
the homologue of areas 39 and 40 —
the human supramarginal and angular

gyri.

FUNCTIONAL ASPECTS

During the last decades, great
interest has been manifested in the
investigation of function in the parieto-
temporo-occipital region — Flechsig’s
posterior terminal center. Most prob-
ably it was stimulated by the classic
monograph of Critchley who, in 1953,
reviewed the literature of previous
relevant work (including his own).
Even earlier, Kluver and Bucy (1939)
had shown that bilateral temporal
lobectomy in monkeys resulted (among
other defects) in non-recognition of
visual objects which are still recog-
nized by tactile criteria (the authors’
“psychic blindness”). The ventral
temporal cortex which is responsible
for this symptom has been further
investigated by Mishkin and Pribram
(1954), Mishkin (1954), Ettlinger (1959),
all demonstrating that ablation of this
region resulted in a defect of visual
pattern discrimination. Eccles (1977,
pp. 264 ff), who had described the
earlier stages of the reconstruction of
the retinal image within the visual
cortex, in parallel with the gradual
preponderance of complex and hyper-
complex cells over simple cells (Hubel
and Wiesel, 1965, 1968) from areas 17
to 19, regarded the inferior temporal
cortex as an even higher station of
retinal reconstruction. He quoted
Gross et al. (1974) and Weiskrantz
(1974) who found that the neurons
here have more exacting stimulus
requirements than the lines and angles
adequate for complex and hyper-
complex neurons. Weiskrantz demon-
strated how monkeys can build up a
three-dimensional model of an object
in visual imagination and thinking.

Interdependence between the infero-
temporal cortex and the “circumstriatal
belt” of Kuypers et al. was observed by
Ettlinger, Iwai, Mishkin and Rosvold
(1968, monkeys): inferotemporal
lesions impaired visual discrimination,
but did not abolish it; only in
combination with a lesion in the

Flechsig's Method of Cortical Localization


https://doi.org/10.1017/S0317167100042980

circumstriate belt complete deficits
resulted and in some cases relearning
was prevented. In this same region
Denny-Brown and Chambers (1958)
noted that the parastriate and peristri-
ate cortex, even in the absence of area
17, can activate accurate placing,
shape, discrimination, reaching and
avoiding. Their findings were confirmed
by Ettlinger and Kalsbeck (1962) in
monkeys.

CELLULAR PERPENDICULAR
COLUMNS

Mountcastle (1957) described columns
perpendicularly penetrating the whole
of the cat's somatosensory cortex
which he investigated by recording
cortical responses to appropriate pe-
ripheral stimuli. The columns had a
cross-sectional width of the order of
0.5 mm. He distinguished three cate-
gories according to the nature of the
peripheral stimuli: they were, in
rostro-caudal order, cell responses to
mechanical excitation of hairs, pressure
of skin and mechanical ‘deformation’
of deep tissues (joints, joint capsules,
but not muscles). He concluded that
his results warranted the hypothesis
that there existed in the somatosensory
cortex, an elementary pattern of
organization, vertically oriented and
capable of input-output function of
considerable complexity which was
independent of horizontal intracortical
spread of activity.

As Mountcastle admitted, he was not the
first to describe a vertical organization of a
sensory system: Marshall and Talbot
(1942, p. 119) had found in the visual
cortex of cats that, following stimulation of
the lateral geniculate body, the first spike
was recorded from the fourth layer; a
second small spike followed “as a notch”
nearby which they tentatively interpreted
as activity in an internuncial neuron. A
third spike probably indicated (as they
pointed out) activity of neurons ascending
from layer 4 into layers 3 and 2.

Hubel and Wiesel’s distinction of
simple, complex and hypercomplex
nerve cells in the visual cortex and
their significance for the successive
cortical reconstruction of the retinal
image, has been mentioned earlier in
the present paper. Influenced by
Mountcastle’s discovery of vertical
cellular columns in the somatosensory
cortex of the monkey, these workers
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found similar columns in the visual
cortex. In 1963, they described, in cats,
columns reaching from the surface of
the cortex down to the white matter.
Their cells corresponded to a specific
shape of retinal light stimuli and their
orientation within the retinal field. To
these ‘orientation columns’ they added
(1969, in monkeys) a second type of
column, the nerve cells of which

reacted to ocular dominance. Hubel -

and Wiesel believed that ultimately
further columns may be discovered,
but — in the last of their series of
papers which 1 have reviewed —
Levay, Hubel and Wiesel (1975) had
not added any new columns.

Like Mountcastle, Hubel and Wiesel
believed — so far — the columntobea
physiological concept, but were con-
vinced that an anatomical substrate
would be found. The radial entrance of
specific thalamocortical afferents (which
Ramon y Cajal had described in 1899
and 1904) served as a model for the
view of Lorente de No (1949) and von
Bonin (1942, 1944) that besides the
laminar architectonic stratification
there existed a no less important
perpendicular cortical stratification.
One of the earlier perpendicular
systems was also described by Flechsig
(1905a), since his chief criterion for
ontogenetic timing was the incoming
radial fiber. Hubel and Wiesel acknow-
ledged that the nerve cells of their
columns were grouped around or in
between the incoming fibers; it may
well be that in some way they may have
synaptic contacts with the neighboring
nerve cells which they may influence.
Using a Nissl counterstained Golgi
method, von Bonin and Mehler (1971)
described and illustrated the grouping
of nerve cells around vertical fibers;
this close relationship was most
distinct in the visual cortex of primates
(see their fig. 2).

Hubel and Wiesel (and their associates)
made several attempts to demonstrate
columns anatomically. In their 1969 paper,
they used the Fink and Heimer modification
of the Nauta-Gygax method, since conven-
tional Nissl or Golgi staining gave no hint
of any eye-dominance groupings. After
making very small lesions (as small as a few
hundred microns) in single layers of the
lateral geniculate body, they were able to
observe degeneration within the striate
cortex, mainly in a vertical sheet of the
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fourth layer which they interpreted as
corresponding to the eye preference
column. From this position, neurons above
and below this layer can be secondarily
influenced.

In 1972, the same authors repeated the
experiment in 18 macaques. They first
made lesions in one of the two most dorsal
parvocellular layers of the lateral geniculate
body. Before the lesions were made, the
position of geniculate receptive fields was
noted on the projection screen. In due
course, Hubel and Wiesel were able to
observe terminal degeneration within the
visual cortex. They found discrete bands of
degeneration in layer 1V, 0.5 - 1.0 mm in
width, separated by bands of similar
interbands which were normal. In serial
sections these appeared more or less as a
series of regular, parallel, alternating
degenerating-rich and degenerating-poor
stripes (see their figs. 1 and 10. The bands
were mainly placed in layer 1Vc with a
second minor input to a narrow strip in
1Va. Very few degenerating fibers ascended
to layer I.

The third attempt at demonstrating a
morphological substrate was made in 1974
(Wiesel, Hubel and Lam). By an autoradio-
graphic method of transsynaptic transport
they injected a solution of mainly L-fucose
and L-proline into the vitreous space of the
monkey’s left eye. Investigating the Nissl-
stained lateral geniculate body. they found
the corresponding layers 2, 3-and 6 to be
“strongly labelled”. In the striate cortex,
dark field illumination revealed bright,
more or less vertical bands of silver granule
accumulations confined to layer IVcand
more faintly — to [Va,

In 1975 Levay, Hubel and Wiesel
observed (again in macaques) alternating
pale and darker stained bands on staining
with Liesegang’s reduced silver method.
These are clearly seen in their fig. 1, where
both Nissl stained and Liesegang reduced
stripes were shown side by side in
perpendicular sections; the light bands in
the fourth layer were 50 ¢ wide in contrast
with the 300 u wide dark bands. In order to
explain this observation, the authors
determined (in another macaque) the width
of the eye-dominance column, by sending
the exploring electrode along the limits of
this column. They then marked these limits
by making a number of electrolytic lesions.
Finally, they sacrificed the animal and
fixed the brain. On section they found all
their lesions, a total of 12, corresponded to
places within the pale bands which they
had seen in the first macaque. They
concluded that the dark bands corresponded
to single eye preference columns, whereas
the pale bands were indicative of the
boundaries between columns.
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No device has yet been found to
demonstrate the other type, their
orientation columns.

In investigations into the morpho-
logical substrate of columns, Golgi
methods have been much used. Sholl
had the historical merit of having
brought about, by his monograph of
1956, a veritable renaissance of Golgi
investigation (Colonnier, 1966; Globus
and Scheibel, 1967; The Scheibels,
1970; Marin-Padilla, 1970; Tombol,
1972; Lund, 1973; Jones and Wise,
1977, and many more to whom refer-
ence will be made in due course).
Sholl’s fig. 3 (1955)and 11 (1956) could
serve as an illustration of an input-
output cortical column, though of
greater width, even before Mountcastle
had described his “column”. Among
the other contributions with the Golgi
method, Colonnier’s “structural design
of the neocortex” provided a good
review of the problem at the time of its
publication. We learn from him how
much (as early as 1899) Ramon y Cajal
had already known of the structural
cortical design: He was certain that
most specific afferents ended in layer
IV. He also investigated the role of
Golgi 2 type of nerve cells. In the
human brain, Cajal described one
particularly numerous type which, in
1911, he named “fusiform cell with a
double dendritic bouquet”, because of
its forking processes from both poles
of the cell. Although these cells
themselves are found in layers 111 and
1V, their radial arborizations are so
long that they may extend throughout
the thickness of the whole cortex, and
they may be so numerous that
adjoining axonal arborizations may
touch each other, forming together a
long wvertical fringe and making
contact with many pyramidal cells.
Colonnier proposed the interesting
hypothesis that the cells with a double
bouquet may have an inhibitory
function, and this may form the walls
of the columns. He mentioned an
experiment by Szentagothai (see
Szentagothai 1965a & b), who, in
order to ascertain the tangential
spread of fibers, made cuts perpendic-
ular to the pial surface. He found (with
the Nauta technique) that terminal
degeneration extended in both directions
for several mm in layer I, but not more
than a few hundred u in deeper layers.
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Later, (in 1975, p. 70) Szentagothai
and Arbib agreed with Colonnier that
inhibition by Golgi type 2 cells seemed
to determine the lateral limits of the
columns.

Golgi investigations were supplemented
by contributions with other methods:
degen_eralion methods were employed by
Szentagothai (1965a & b), while Whittacker
and Gray (1962), Molliver and van der
Loos (1969), Jones (1968) and Jones and
Powell (1970b) preferred the electron
microscope. Quite a few workers used
more than one of these methods: Szentagothai
always employed all three according to
suitability.

So far, the most convincing evidence
for the reality of a vertical column has
become available through the discovery
by (T.A.) Woolsey and van der Loos
(1970) and van der Loos and Woolsey
(1973) in the mouse. Using a combined
Nissl-Cox-Golgi method they observed,
in layer 4 of S1, multicellular cortical
units which because of their form they
named “barrels” — roughly cylindrical,
100 - 400 um in diameter. Each barrel
was composed of a ring of cells
surrounding a hollow inside. The
barrels were separated by an acellular
septum. In the posteromedial field of
layer 4, the barrels were of greater size,
of elliptical shape and organized into 5
distinct cellular rows which corre-
sponded to the 5 rows of whiskers, one
of the peripheral sense organs of the
mouse, and of some other rodents. In
1973, the authors were able to show
that if at birth one of the rows of
vibrissae was destroyed, the relevant
cellular row of the corresponding
barrel remained undeveloped (as re-
produced in fig. 18 of Szentagothai
and Arbib, 1975, from van der Loos
and Woolsey’s publication of 1973).
The authors were confident that their
barrels corresponded to the columns
of Mountcastle.

Meanwhile Mountcastle and his
associates had turned their attention to
the more posterior parts of the parietal
lobe, especially areas 5 and 7, where
they also described the same vertical
organization as in the somatosensory
cortex. Furthermore, Mountcastle,
with Lynch, Georgopoulos, Sacata
and Acuna (1975) and also Mountcastle
alone (1975) made interesting observa-
tions on the function of areas Sand 7 in
relation to motion: exploring 17
hemispheres of 11 monkeys, they
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found that the majority of nerve cells
in area 5 were activated by passive
rotation of the limbs at their joints —
movements necessary for manual
exploration of extrapersonal space.
On the other hand, the majority of
neurons in area 7 have a similar
“command function” of movements
under visual guidance. Mountcastle
and his colleagues proposed that
several of the abnormalities that occur
in humans and in monkeys can be
understood as deficits of the will to
explore with hand and eye the contra-
lateral half-field of space.

Mountcastle has not been quite without
predecessors. In 1936 (p. 446) Foerster had
touched on the possibility that “the gyrus
parietalis superior constitutes a self contained
sensory-motor field which relates to the
Totality of the body.” Flechsig was more
concrete. In 1905a he said: “1 only remind
you of the connection between motor
impressions of the hand and optic
impressions. To look for the memory
residues of this whole complex of associated
sensations in the central convolutions does
not correspond to the facts. It is much more
likely that this is situated in the parietal
convolutions. In cases of lesions of the mid-
dle central zone where the faculty has been
lost to recognize the normal bodily form of
external objects, one can in the long run
only show a disturbance of the joint
sensations which evidently makes it
impossible to feel in three dimensions or
disturbs the usual connections of joint
sensitivity with external impressions and
the memory images of former touch and
visual impressions.” (quoted from Bonin,
1960, p. 185).

However astonishing and prescient
Flechsig’s observations may have been, it
remains the great merit of Mountcastle and
his associates to have provided the
indisputable experimental proof.

In addition to his qualities as a
scientist, Mountcastle is a philosopher
of science. He began his Dean’s lecture
of 1975 by saying that it was a major
achievement of the brain sciences in
the last decades to make penetrating
discoveries how our brains compose
and update our central images of the
world. And at the end of the lecture he
made a relevant quotation from the
philosopher-emperor Marcus Aure-
lius, written eighteen centuries ago.
One detects the same philosophic
spirit in his Sherrington Memorial
lecture of 1978. He, however, differed
from Sherrington who accepted a
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provisional dualism between brain and
mind, whereas Mountcastle believes
that “success in the laboratory arena is
linked to the identity hypothesis in one
or another of its various forms.”

[ must abstain from reviewing detail
of the rich content of this lecture: only
a few points can be discussed here. On
p. 16 he emphasized the importance of
using a combination of neurophysio-
logical and neuropsychological methods
for experimental research of brain
function. This method, he continued,
has, within the last decade produced a
wealth of new facts concerning motor
and sensory functions and may be
helpful in studying the mechanisms of
more complex behavior. Most remark-
able are his “speculative propositions”
on the relations between parietal lobe
function and consciousness (p. 27).
He regards the profound contra-
lateral neglect of their defects by
patients with parietal lobe lesions as a
partial loss of consciousness. This
conclusion has met with praise from
Critchley (1978, p. 233) who also
compared Mountcastle’s combination
of experimental research and philo-
sophical outlook with that of
Sherrington in whose memory
Mountcastle’s lecture was given.

Here is the place to mention the
investigations of Libet (1966) into
motor reactions to sensory stimuli at
cortical level and their conscious
experience. He demonstrated that
there is a latency of 0.5 - | sec. between
the moment of sensory-motor reaction
and its conscious experience. It is
known that only 0.015 sec. is re-
quired for transmission from the
skin to the cerebral cortex, as shown
by the evoked motor response. The
further delay required to make them
conscious may well take place within
the parietal cortex. Later Libet (1973)
made investigations on conscious
human patients, using what Eccles
(1977, pp. 256 ff) called very ingenious
procedures to test his hypothesis.

Kornhuber (1974) described an
interesting counterpart on the motor
side between readiness to action and
the motor action itself. A “readiness
potential” and a “premotion” potential
can be demonstrated before the onset
of the movement; both were bilateral
and widespread over prefrontal and
parietal regions.
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NEURAL SUBSYSTEMS

Before we leave the posterior
association field, a few remarks are
necessary on what variously goes
under the names of neural subsystems,
modules or integral patterns. The
discussion of these systems has recently
been intense: many contributions to
“Neuroscience’s Second Study Program”
(Schmitt, 1970, Ed.) were dedicated to
this problem. Many authorities (includ-
ing Eccles, 1977, Phillips and Porter,
1977 and Young, 1978, 1979) have
recognized their reality as physiological
concepts. (Young's, 1964, “A model of
the brain™ may well have acted as an
early stimulus in the search for neural
submechanisms.) Eccles (1977, pp. 235
ff) attributed the introduction of the
modular concept and the investigation
of its structural basis mainly to
Szentagothai. Eccles is certainly right
about the great contributions
Szentagothai has made to the problem,
as the latter’s informative paper of
1975 clearly demonstrates. However,
in this paper and in his book with
Arbib of the same year (on p. 59), he
gives priority to Scheibel and Scheibel
(1958) who, they say, made the first
explicit statement on a modular
arrangement in the reticular formation
of the brain stem, describing it as a
series of disc-shaped patterns stacked
in perpendicular orientation to the
brain stem axis. Szentagothai and
Arbib (1975) called this “an elegant
model”. Since then the Scheibels have
extended similar investigations to the
spinal cord (1969) and to the thalamus
and the somatosensory cortex (1970).
The vertical column is generally
regarded as the most important
module so far. Eccles and the Scheibels
often speak of them as ‘columns or
modules’. They may be compared to
integrated micro-circuits of electronics
(see fig. 17 of Szentagothai and Arbib).

According to Eccles (1977, p. 241)
no quantitative data about the number
of cells in these basic units are yet
available. The number may be surpris-
ingly large, up to 10,000 cells, among
them hundreds of pyramidal cells and
many more of other neurons.

Columns are not confined to sensory
regions but have been found in other
regions including the motor cortex
(Jones and Wise, 1977).
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THE ANTERIOR ASSOCIATION
CENTRE — ANATOMICAL ASPECTS

In his early publications around the
turn of the century, Flechsig’s investi-
gations especially of the late myelinat-
ing fields, were not yet complete, as he
himself admitted. From the description
in his book of 1920, however, it seems
that his anterior terminal zone is
identical with the first and second
convolutions of the prefrontal cortex
(see his list of late myelinating fields 37
- 45 on p. 15). In 1896 Flechsig
considered the anterior portions of the
gyrus rectus to be part of the anterior
association zone, but in 1898 he
excluded the whole third frontal
convolution from what from now
onward he named the terminal zone.
Even in 1920 (figs. | and 2, figs. 3and 4
of the present paper) the third frontal
convolution has numbers below the
terminal fields though high within the
scale of intermediary fields. This is
interesting because the third frontal
convolution together with the angular
and supramarginal gyri have been
accepted to be the most recent
acquisitions, though they may not be
exclusive to man (see my review 1971,
pp. 150-151). Flechsig (1920) gave the
triangular part of the third frontal
convolution the number 35 in contrast
to 45 for the second frontal gyrus.
Likewise in the parietal lobe, the
angular gyrus is awarded the number
42 against 37 for the gyrus supra-
marginalis. Does this mean that the
angular gyrus has become more
established (or “sessile”) than the more
recent supramarginal convolution? If
so, this would also indicate that the
area triangularis is even more recent
than the supramarginal gyrus — a
problem, perhaps, of interest to future
“morphogenetic” research and, in
particular, to comparative myelogenetic
studies in subhuman anthropoids.

One of the problems which Flechsig
admitted he could not solve was
whether and how the anterior and
posterior fields are interconnected.
This problem has been amply investi-
gated by several teams of workers
(Pandya and Kuypers, 1969; Pandya,
Hallett and Mukherjee, 1969; Jones
and Powell, 1970 and Nauta, 1971).
The interconnexions of the posterior
association zone have already been
discussed on pp. 96 of the present
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Figures | and 2 — (reproduced from figs. 3 and 4 of Flechsig, 1905, by courtesy of the
Librarian, Royal Society of Medicine, London): showing the myelogenetic fields
numbered according to the time of myelination on both lateral and medial cortical
surfaces. The lightly coloured fields correspond to Flechsig’s terminal zone, as the high
numbers indicate. Further explanation in text.

paper. The general principle seems to
be that fibers from the somatosensory,
visual and auditory cortex all converge
to a point within the depth of the
superior temporal cortex in monkeys.
From the temporal cortex pathways to

100 — MAY 1981

the prefrontal region may take their
origin: a direct one via the uncinate
bundle and an indirect one from areas
21 and 22 via the inferior thalamic
peduncle to the magnocellular medio-
dorsal thalamic nucleus which in turn
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project to the prefrontal lobe (Nauta,
1971).

I cannot go into detail of Nauta’s
important paper, but his main con-
clusions are that the parietal and
temporal regions have a reciprocal
relationship with the prefrontal lobe,
which thus receives and responds to
impulses from visual, auditory and
somatosensory cortices. The prefrontal
lobe is also intimately connected
reciprocally with the hypothalamus,
the reticular ascending tract and other
parts of the limbic system — a
connexion which informs it about the
organism’s internal milieu and its
importance for affective life and
emotions. Interruption of the former
connexion results in loss of foresight
and programming-section of the latter
to the well-known emotional change in
patients with bilateral frontal lesions.

In their paper in which they first
described expectancy waves Grey-Walter,
Cooper, Aldridge, McCallum and Winter
(1964) have supplied electroanatomic
proof for the connexion between the
anterior and posterior centers of Flechsig.
For therapeutic purposes these authors
have implanted in patients multiple
electrodes in the prefrontal cortex: they
noticed convergent responses to auditory,
visual and tactile stimuli in most regions of
medial, lateral and orbital frontal cortex.

FUNCTIONAL ASPECTS

It will be remembered from p. 6
that Bonin (1960) was much attracted
by the modern ring in Flechsig’s views
on frontal lobe function and, in
particular, that he thought that
consciousness of the self (“Selbstbewus-
stsein”) was the fundamental function
of the frontal association area. I
accepted von Bonin’s opinion both in
1971 (p. 116) and in 1974 (p. 566).
However, this interpretation needs
correction. As early as 1895 Bianchi
proposed that “The frgntal lobes are
the seat of coordination and fusion of
the incoming and outgoing products of
the several sensory and motor areas of
the cortex . .. the frontal lobes would
thus sum up into series the products of
the sensorimotor regions, as well as the
emotive states which accompany all
the perceptions . Thought, even
when at work in the domain of pure
conceptions, has in most men an
inhibitory power .” Bianchi
confirmed and amplified this view in
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Figure 3 — (reproduced from fig. | of Flechsig, 1920, by courtesy of the Librarian,

Rockefeller Medical Library, Institute of Neurology, London). Explanation in text.
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Figure 4 — (reproduced from fig. 2 of Flechsig, 1920, by courtesy of the Librarian,
Rockefeller Medical Library, Institute of Neurology, London). Explanation in text.

Meyer
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his monograph of 1922 and it
definitely influenced Brickner’s (1936)
“synthesis”, the “delaying action of the
frontal lobe” of Cobb (1943) and has
been further developed by Denny-
Brown (1951). This is also the gist of
Nauta’s conclusions in 1971: processing
of sensory and motor impulses,
foresight or, in the language of
neuropsychologists, programming,.

Mountcastle (1978, p. 26) discussed
the relation of the parietal lobe to
consciousness. He considered it likely
that “the internal construct of the
image of self and self in the world, and
for the projection of attention into the
external world, is an essential part of
conscious awareness and conscious
action.” This is true not only in man;
even the monkeys which he used in his
own experimental work showed a
withdrawn self-isolation and probably
a reduction of consciousness after
bilateral ablation of the parietal
cortex. If any further proof was
necessary, it has been provided by
Sperry (1974): he showed in patients in
whom the dissection of the hemispheres
included the parietal lobes, conscious-
ness of the self was preserved in the
major hemisphere, while it was lost
completely in the minor hemisphere.
This did not happen when the
hemispheric dissection was confined to
the anterior and middle parts (Gordon,
Bogen and Sperry, 1971): this suggests
that frontal lobe function was not a
major factor. Sperry believed that self-
consciousness was closely related to
the receptive-semantic language centers
in the dominant hemisphere. Penfield
(1958), Sperry argued, had been wrong
in placing his “centrencephalon™ as the
highest station for the control of
consciousness into the higher brain
stem. Deep-seated lesions only produce
unconsciousness because they interfere
with the ascending reticular formation
necessary for cortical activity.

CONCLUSIONS

It has been the main purpose of this
paper to show the unusually close
relationship of Paul Flechsig's work
on cortical localization with the results
of neuroanatomical and neurophysio-
logical research during the last three
decades. A complete history of this
recent history was, however, not
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intended: | have had to restrict myself
to present the main trends of this
research. Moreover, some of these
results were not yet confirmed, while
others were still at the stage of
intriguing hypotheses, not yet accessible
to a definitive historical verdict.

That some of the most exciting
achievements have been made within
the posterior “association zone™ under-
lines the closeness of the recent
research with Flechsig’s work. [ cannot
here go into detail, but were he alive
today, Flechsig would be gratified to
find that many of the questions which
he was unable to answer have now
been satisfactorily resolved — for
example, the pathways which carry
impulses from the auditory and visual
sensory cortical centers to the prefrontal
lobe (see p. 4 of the present paper), the
connexions between the individual
fields within the “association zones”
and those between the frontal and
temporo-parieto-visual “association”
zones: as we have seen, most are now
well established by recent research
using modern degeneration techniques,
the electron-microscope and electro-
anatomical or electrophysiological
methods. He might also feel pride in
his early work, in 1905, on the motor
and somatosensory cortices in the
human brain, and in his prescient ideas
about what Mountcastle and his
colleagues later named “command
function of movements” directed by
centers within the parietal lobe.

Flechsig regarded the posterior
association zone as the seat of
intelligence — a term which cor-

responded to nineteenth century ideas
of localization and which, as Schroder
(1930) said, was “outmoded” in the
early decades of this century. As
described on p. 96, however, Flechsig’s
term has been gradually transformed
by neuropsychologists and physiologists
into acceptable terms of the function
of this zone in which motor and
sensory impulses are transformed into
highly complex patterns important for
action, thinking, language and the
consciousness of the self. Flechsig had
considered consciousness of the self as
the principal function of the prefrontal
zone, but in this he was mistaken as
Sperry and his associates have con-
vincingly demonstrated. Whatever one’s
philosophical attitude to the brain-
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mind problem may be, the gap
between the working of the “mind”
and our knowledge about the “inte-
grated action” of the brain has been
substantially narrowed by the progress
made in the last three decades.
Yakovlev's imposing collection of
800 brains, cut in serial and mounted
sections, has now been transferred as
the “Yakovlev Bequest” to the Armed
Forces’ Institute of Pathology in
Washington, D.C. Significant probes
— still supported by the critical advice
of Yakovlev — have been made by a
Hanoverian research group (Kretschmann,
Schleicher, Grottschreiber and
Kullmann, 1979): these investigators
have confirmed its great value for
future morphogenetic research. Impli-
citly such further progress would also
help to sustain the memory of the early
pioneering work by Paul Flechsig.
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