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616 E. H. J. SCHUSTER.

deseribed, but that of the fibres also. The human brain is
compared with that of the two apes, and the clinical, patho-
logical, and experimental evidence is fully discussed in its
relation with the histological results.

An excellent series of papers on the cell lamination have
been published by Brodmann in the ‘Jouarnal f. Psychologie
und Newrclogy,” 1903 and onward, and summarised in lis
book, ¢ Vergleichende Lokalisations lehre der Grosshimrinde,’
Leipsig, 1909. The human brain is described in great detail,
a very large number of separate areas (more than fifty) being
distinguished histologically. Similar detailed deseriptions of
the brains of Cercopithecus and of the lemurs are given, while
the marmoset (Hapale) is dealt with more shortly, The homo-
logies between different regions in the human and other
Primate brains arve dealt with as far as possible,

Mott and Kelley publish a ““ Complete Survey of the Cell
Lamination of the Cerebral Cortex of the Lemur” (¢ Proceed-
ings of the Royal Society,” B., vol. Ixxx, 1908), in which the
histological results are compared with the results of stimula-
tion experiments performed on the lemur’s brain by Prof,
Halliburton, and a paper of a similar nature, but dealing with
the brain of the marmoset, has been produced by Mott,
Halliburton, and the present asthor (Mott, Schuster, and
Halliburton, *“ Cortical Lamination and Localisation i the
Brain of the Marmoset,” © Proceedings of the Royal Society,’
B., vol. Ixxxii, 1910).

MareEriAL A¥D METHODS.

The material nsed in the present paper consisted of the
brain of a specimen of Papio hamadryas which had died
in the gardens of the Zoological Society.

Each hemisphere was cut into a number of blocks (seventy
or more), arranged in such a way as best to secure that as
~ much as possible of the cortex was cut in planes at right
angles to its surface, since in oblique sections the nature of
the cell lamination is almost impossible to determine. The
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branches, which are better marked in the left hemisphere
than in the right.

The sulcus einguli (Se.) (intercalary or calloso-marginal
fissure) is quite typical in its arrangement. At its anterior
end lie two shallow sulci rostrales (ro.), with the npper of
which it is, in the right hemisphere, in connection.

The sulcus collateralis (Col.) is in the right hemi-
sphere divided into three segments ; the most anterior of these
(eol.,) lies obliguely between the sulcus rhinalis and the
anterior end of the suleus temporalis superior. The middle
segment (col.,) is the longest; it runs sagitally backward.
Between its posterior portion and the suleus calcarinus lies
the third segment (col.,), the main portion of which runs
parallel to that fissure, to end posteriorly in a transverse
member. In the left hemisphere only two segments are
present, the anterior (eol,) corresponding exactly to the
anterior segment in the right hemisphere, while the posterior
segment of the left hemisphere corresponds to the two
posterior segments of the right; at its hinder end it runs
upwards and ends very close to the sulcus calcarinus.

In the left hemisphere a shallow T-shaped sulcus (T.) is
present lying between the posterior part of the suleus colla-
teralis and the suleus ealcarinus.

The suleus rhinalis (rh.) is quite typical.

The sulcus lunatus (lun.) (** Affenspalte”) is well
developed in both hemispheres ; its posterior lip is produced
forwards to form an operculum. Curving round its lower
end is the deep sulens occipitalis infevior,

The sulcus ocecipitalis inferior (0i.), the upper lip of
which is produced downwards to form a well-marked oper-
culum. Behind this fissure, curving round the tentorio-lateral
margin, is another suleus, which is independent in the right
hemisphere, but connected with it in the left.

The sulcus occipitalis lateralis (OL) lies horizontally
between the sulcus lunatus and the occipital pole. It is a
very deep fissure, which cuts obliquely downwards into the
hemisphere so that its lower lip forms an operculum. Tts
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The prefrontal type differs from the frontal in its compara-
tive poverty in cells and in the smaller size of the cells of
layers i1 b and v, particalarly the former. Its depth is also
less. Measavements of the cells in the two layers mentioned
were made near the posterior boundary of the frontal region
and in the prefrontal. It was found that in the former
position the largest cells at iii b were about 40 4 in length x
30 1 in breadth, while in the latter 30 u x 23 u represents
approximately their dimensions. 'The general average is,
however, in each case much less. The corresponding figures
for layer v are : in posterior part of the frontal area about the
same as for layer i b, while in the prefrontal area, 35y x
27 u voughly indicates their size. In fig. 3, which is taken
fairly far forward in the frontal region, it will be noticed that
the subgranular pyramids are rather larger than those
situated above the granules, and that the cells of each layer
are slightly larger than the corresponding cells in fig. 4.

The extent of the lamina wultiformis and the shape of its
cells depend to a great extent to the prevalent direction of
the fibres of the underlying white matter ; where this i
tangzential the layer is shallow and its cells tend to be drawn
ont tangentially ; where the fibres radiate upwards towards
the surface the cells are elongated along an axis vertieal to
the snrface, and the layer tends to be deep. This effect of
the direction of the fibres is not always confined to the lamina
multiformis, but the layers lying above it may all be involved.
[t 1s not confined to one part of the hemisphere, but may be
noted in all. Tt is mentioned here beeanse, in the part of the
prefrontal vegion fignred, the fibres are arranged tangentially,
while in fig. 3 they arve radial in divection. It seemed desir-
able to explain that this difference is not an essential difference
between the two types. In the region of the frontal pole the
direction of the fibres of the prefrontal cortex i1s radial, and
the result is a marked difference of appearance in the shape
and arrangement of the cells, particularly of the lower layers,
The condition described by Brodmann as type 12 may thus
be distingunished: “slender pyramids,” “layer vi much
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hemisphere of Cercopithecus agrees in the main very well
with Campbell’s account sanmmarised above. ‘T'he slight
differences to be noted may be due to the gradual nature of
the transition between one type of cortex and its neighbours.
Thus Brodmann recognises four different types against
Campbell’s two, namely, Nos. 8, 9, 12, and 25. Of these,
No. 9 clearly corresponds with Campbell’s frontal type, and
No. 12 with the prefrontal, though the extent of the area
occupied by No. 12 is relatively considerably less.

No. 8 lies immediately in front of the suleus arcuatus ; it
occupies a narrow strip of the lateral surface of the hemi-
sphere, bounded behind by type No. 6 and in front by type
No. 9. In structure it rvesembles the posterior portion of
Campbell’s frontal area, being intermediate between the two
types, which it separates. No. 25 lies completely on the
mesial surface, where it occupies a comma-shaped area between
No. 9 (frontal area) and No. 24 (the anterior limbic area).
Its structure is intermediate between these.

Parrerarn Occreirarn Axp TeEMproranL LoBES.

Post-central Type (fig. 6).

The post-ventral type of cortex is illustrated in fig. 6,
which is taken from the crown of the post-central gyrus a
little way below the anterior end of the suleus post-centralis
superior (pes.). The cortex is here 1'7 mm. in depth, of which
the lamina zonalis (i) occupies the upper 'l mm. The lamina
granularis externa (ii), composed as usnal of small pyramids
and granules, is fairly well developed, but not so closely
crowded with cells as to be sharply marked off from the under-
lying lamina pyramidalis; it reaches to a depth of about
25 mm. The lamina pyramidalis (iii) is very distinctly sub-
divided into an upper stratum (iii a) containing medium-sized
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pyramids in no wise remarkable, and a lower stratum (iiih),
which is very conspicuous, and constitutes the most charac-
teristic feature of the post-central cortex. iiib extends from
a depth of -5 mm. to a depth of ‘85 mm., and its principal
constituents are large cells closely crowded together, and
lying about three deep. Their shape and approximate size
may be gathered from the drawing; they are elongated pear-
shaped or pyramidal cells drawn out above into a broad
process which takes the stain rather faintly. It is difficult
to give a numerical indication of their size, but this may
be as much as 60 or 70pu x 30 x. The lamina granularis
interna is a dense layer of granules intermixed with small
pyramids ; its lower limit is *1 mm. below that of 11 b, bus
above it is extended by columns of small cells which lie
between the large elements of that lamina.

Closely nnderlying iv is the lamina ganglonaris v. This
consists of a number of triangular quadrilateral and other
elements of comparatively small size, amovg which are
secattered occasional pyramids of notably superior size; these
cells, which lie near the lower border of the layer, at a depth
of 1°2 mm., ave inferior in size to the supra-granular pyramids,
and differ from them also in shape; their cell-bodies are
more slender, and their apical processes narrower and more
darkly staining. ‘T'he rest of the cortex is occupied by the
lamina multiformis (vi), which 1s separated from v by a zone
comparatively poor in cells. It cannot be subdivided into
a lamina triangularis and a lamina fusiformis.

The cortex described above corresponds to Brodmann’s
types Nos, 1 and 2. As it dips over in front into the suleus
centralis it alters somewhat in character ;: the whole cortex
becomes narrower ; the large cells at 111 b become reduced in
size and number; the lsyer of granules (iv) grows less
distinet, and the lamina ganglionaris suffers the same changes
as b,

According to Brodmann, the large cells atiii b and v, which
form the most characteristic feature of the post-central
cortex, are larger and more numerous near the posterior lip
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much smaller than those at iii b, but scattered among them
are a few of outstanding size, yet not so large as the corres-
ponding cells of the post-central or superior parietal regions,
The lamina multiformis may be divided iuto an upper lamina
triangularis and a lower lamina fusiformis. The cells of the
former are large and numerons with broad triangular or
quadrilateral forms predominating, while those of the latter
are smaller and slendever, and many of them approach the
fusiform in shape. On the mesial surface the breadth of the
cortex 1s abont + mm. less. In this reduction, which is
associated with the more tangential arrangement of the fibres
in the underlying white matter, the lamina multiformis is
alone much affected. Not only iz this layer reduced in
breadth, but its constituent cells are reduced in size and
numbers.

This type of cortex bears a considerable resemblance to
the temporal and some to the frontal cortex. It differs from
the latter, however, in many important points. It is of about
the same breadth but much richer in cells. The lamina
zonalis 1s narrower, the lamina granularis externa more
clearly defined. The large pyramids at iii b are much more
numerous and form a more distinet layer. ‘T'he lamina
granularis interna is also much richer in cells, and more
obviously separated from the adjacent strata. The lamina
ganglionaris is not so well developed, but the lamina multi-
formis 1s broader and richer in cells, and does not show the
- gradual transition to the white matter which Brodmann
observes is a characteristic of the frontal lobe.

Extent and Boundaries.—The inferior parietal cortex
lies behind and below the superior parietal both on the lateral
and on the mesial sarface. On the mesial surface it covers a
broad area bounded in front by the sulcus subparietalis and
belind by the ramus parieto-oceipitalis of the intra-parietal
fissure. Below it passes gradually into the posterior limbic and
oceipital types. Above it passes over the supero-mesial border
and forms a narvow strip between the superior parietal area and
the upper end of the sulcus lunatus, then crosses the sulcus
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tyvpes. It is this intermediate strocture which forms Brod-
mann’s type 149,

Extent and Boundaries.—The oceipital type completely
surrounds the calcarine, the boundary between the one type
and the other being quite abrupt and definite. Very different
15 the transition between the occipital and the inferior parietal
temporal and posterior limbie types, into which it passes
anteriorly. This is so gradual that it is almost impossible to
say where the oue ends and the other begins, and the boun-
dary i in consequence very difficult to describe. Under
these circumstances I do not attempt a verbal description,
but merely refer to the figures a, 1, ¢, n.

Temporal Type (fig. 11).

b e o o I R S S

The essential features of the cortex covering the greater
part of the temporal lobe ave shown in fig. 11, which 1s taken
from the middle temporal gyrus in its posterior half. Its
depth is here about 2 mm.

The lamina zouahs extends to a depth of 2 mm. The
lamina granularis externa is closely packed with cells and
tairly well separated from the underlying lamina pyramidalis.
The latter extends to a depth of rather more than half the
whole thickuess of the cortex. The large pyramds (mb),
which reach a length of 80 u or more, form a broad zone near
the inner border of the layer.

The lamiva granularis interna 1s  exceptionally well
developed, and stretches from 1'1 mm, to 1'8 mum, from the
surface.

Beneath this layer the development of the cortex is poor in
eowparison with the parts above, but the lamina ganglionaris
18 fairly well developed, though its cells are slightly smaller
than those at b, A slightly clearer space separates it from
the lamina multiformais.
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Precentral cortex (P1. 25, fig. 1).

Anterior precentral cortex (Pl 25, fig, 2).

Frontal cortex (Pl 26, fig. 3).

Prefrontal cortex (Pl. 26, fig. 4).

Posterior orbital cortex (PL 27, fig. 5).

Post-central cortex (Pl 27, fig, 6).

Superior parietal cortex (PI. 28, fig. 7).

Inferior parietal cortex (Pl. 28, fig. 8).

Calearine (visnal) cortex (PL. 29, fig. 9).

Oecipital cortex (P1. 29, fig. 10).

Temporal cortex (PL 30, fig. 11).

Anterior limbic cortex (PL 30, fig. 12).

Posterior limbic cortex (Pl. 29, fig. 13).

Olfactory cortex (Pl 24, fig. E, rh, and fig. ¢).
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