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INTRODUCTION

THE STATE of development of the cerebral cortex at
the age of fifteen months is described in the text in
Volume V. The description is based upon the study
of brains 38-149, 51-80, and 52-167. During the
investigation, however, brains of the ages of twelve,
thirteen, fourteen, and eighteen months have also
been studied for the purposes of comparison. The
methods used in preparing the tissue for study are
described in Volume I of this series of monographs.
All the brains are obtained at autopsies performed
in the Department of Pathology in the Children’s
Medical Center in Boston. The following data are
taken from the protocols.

No. 49-279. Age eighteen months. A poorly devel-
oped, poorly nourished, generally cyanotic, white,
male infant. The body measures 74.5 cm. in
length. The musculature is poorly developed.
Diagnosis: Congenital heart disease; transposi-
tion of the great vessels; patent foramen ovale.
The brain weighs 700 grams (normal 944 grams).
Autopsy was performed 4 hours postmortem.

No. 38-149. Age fifteen months. A well-developed,
obese, white, female infant. The body measures
80 cm. in length. Muscular development is nor-
mal. Diagnosis: Pharyngo-tracheo bronchitis; in-
terstitial pneumonia. The brain weighs 1008
grams. Autopsy was performed 5 hours post-
mortem.

No. 51-80. Age fifteen months. A well-developed,
well-nourished, white, male infant. The body is
8o cm. in length. The infant was well at the time
of death. Was found dead in bed. Diagnosis:
Pharyngeal obstruction by a foreign body (a
plastic teddy-bear eye). Brain weighs 1050 grams.

No. 52-167. Age fifteen months. A well-developed,
well-nourished, white, male infant. The body
measures 8o cm. in length. The musculature is

well developed. Diagnosis: Acute leukemia. The
brain weighs 1050 grams. Autopsy was performed
3 hours postmortem.

No. 48-234. Age fourteen months. A poorly de-
veloped, poorly nourished, white, male infant. The
body measures 61.5 cm. in length. The brain is
normal in gross appearance. Diagnosis: Malnu-
trition, chronic interstitial pneumonia, multiple
congenital anomalies. The autopsy was performed
14 hours postmortem.

No. so-111. Age fourteen months. A small, poorly
developed, poorly nourished, white, male infant.
The body measures 76.74 cm. in length. The mus-
culature is poorly developed. Diagnosis: Rhab-
domyo-sarcoma, metastatic, involving lymph
nodes, omentum, right lung, mediastinum, and
pancreas. The brain weighs 944 grams. The
autopsy was performed 8 hours postmortem.

No. 42-54. Age thirteen months. A well-developed,
well-nourished, white, female infant. The body
measures 71 cm. in length. The musculature is
well developed. Diagnosis: Acute bilateral inter-
stitial pneumonia; overwhelming sepsis. The
brain weighs 964 grams.

No. 46-61. Age thirteen months. A well-developed,
obese, white, female infant. The musculature is
normal in development. Diagnosis: Acute inter-
stitial and bronchopneumonia. The brain weighs
990 grams. The autopsy was performed 574 hours
postmortem.

No. 39-35. Age twelve months. A well-developed,
well-nourished, white, male infant. The body
measures 74 cm. in length. The musculature is
normally developed. Diagnosis: Acute and
chronic tracheo-bronchitis. The brain weighs goo
grams. The autopsy was performed 2 hours post-
mortem. ‘



LOBUS FRONTALIS

GYRUS CENTRALIS ANTERIOR
AREA PRECENTRALIS GIGANTO-PYRAMIDALIS, FAy

THE BOUNDARIES of this area of cortex are the same
in the fifteen-month infant as in the adult as de-
scribed by Economo and Koskinas. The area is
characterized by the presence of the giant pyram-
idal cells of Betz. The largest of these cells are
larger than any other cells in the entire cerebral
cortex, but the smallest Betz cells in the fifteen-
month cortex are actually smaller than the largest
pyramidal cells in layers V and III in some other
areas. The boundary between area FAy and the
adjacent areas FA and FB is indistinct. The Betz
cells are usually more darkly stained, however, than
their homologues, the extra-large pyramidal cells,
and the large pyramidal cells in layer III in areas
FA and FB.

REGION OF THE LOWER EXTREMITY

The functional area for the lower extremity is
regarded to be the same in the fifteen-month cortex
as in the cortex of the six-month infant. The cortex
in the crown of gyrus centralis and in the paracen-
tral lobule is described separately. The appearance
of the cortex in the cresyl violet, Cajal, and Golgi-
Cox sections in the region of the lower extremity is
illustrated in Figures 5, 6, 7, and 8 on Plates III
and IV.

CROWN OF THE SUPERIOR ONE-FOURTH OF GYRUS
CENTRALIS ANTERIOR

In this location the cortex measures 2.515 mm. in
breadth.

CELL-BODIES

Layer I. The molecular layer measures 0.220 mm.
in width, and contains 14 neurons to the unit in the
mid-region of the layer. The cells are more numer-
ous near layer II. The small cells are much more
faintly stained than the large ones. The nerve cells

resemble those in layer II in appearance and in
range of size. No horizontal cells of Cajal have been
observed.

Layer II. The external border of the outer granular
layer is fairly sharply defined, but the internal
border is indistinct. The layer measures o.150 mm.
in width. The neurons are distributed irregularly
throughout the breadth and length of the layer in
the crown of the gyrus. They number 133 to the
unit and range in size from 9/5 u to 14/7 p.

Layer I11. This layer measures 0.740 mm. in width.
The neurons are irregularly distributed throughout
the length and breadth of the layer. The cells of
layer II and lamina IIIa mingle freely along the
boundary between layers II and III. The neurons
in lamina IITa range in size from 10/6 p to 18/11 p.
In the mid-region of the lamina they number 44 to
the unit. In lamina IIIb the nerve cells number 41
to the unit and measure 10/6—23/12 p. The neurons
in lamina ITIc range in size from 10/6 p to 24/15 p
and number 37 to the unit in the mid-region of the
lamina.

Layer IV. An inner granular layer is clearly visible
and consists of a band of small cells between layers
IIT and V. The external and internal boundaries of
layer IV are indistinct because the layer is invaded
by the large cells of laminae IIIc and Va. Layer IV
measures 0.110 mm. in breadth, and contains 75
cells to the unit. The cells range in size from 9/6 p
to 14/10 p. =

Layer V. This layer measures o0.260 mm. in width.
The neurons are small and large ordinary and spe-
cial cells and extra-large pyramidal cells. The extra-
large pyramidal cells throughout area FAy are the
giant pyramidal cells of Betz. The giant cells are
frequently arranged in vertical rows of three or
four cells, but also occur singly. They are chiefly
located in lamina Vb, but are also present in lamina
Va. The Betz cells average about 2 to the unit and
range in size from 23/14 p to 36/27 p. The small
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and large ordinary and special cells are scattered
irregularly throughout the breadth and length of
layer V in this location. The small cells range in size
from 10/6 p to 14/10 p and number 27 to the unit
in Va and 24 in Vb. The large cells measure 16/9—
20/13 p and number 13 to the unit in Va and 15 in
Vb.

Layer VI. This layer measures 1.035 mm. in width
in the crown of gyrus centralis anterior. The neurons
number 45 to the unit in lamina VIa and 26 in lamina
VIb. The pyramidal cells range in size from 11/6 p
to 23/15 u, and the spindle cells measure 18/7-
27/9 p.

LoBULUS PARACENTRALIS

The cortex in area FAy in the paracentral lobule
has the same features and general appearance as
that in the crown of gyrus centralis anterior. In the
paracentral lobule the cortex measures 1.775 mm.
in breadth. -

CELL-BODIES

Layer I. The molecular layer measures 0.445 mm.
in width and contains 16 cells to the unit.

Layer I1. This layer measures 0.150 mm. in breadth
and contains 156 cells to the unit. The cells range
in size from 7/5 p to 15/11 .

Layer III. The outer pyramidal layer measures
0.665 mm. in width. In lamina IITa the neurons num-
ber 8o to the unit and measure 10/6-23/13 p. In
lamina ITIb the nerve cells number 61 to the unit
and range in size from 10/6 p to 27/14 p. Lamina
ITIc contains 59 cells to the unit, and they measure
10/6-32/15 p.

Layer IV. This layer measures 0.110 mm. in width.
The small neurons which constitute the inner gran-
ular layer number 110 to the unit and range in size
from 9/5 p to 15/11 p.

Layer V. The inner pyramidal layer measures 0.185
mm. in width. The giant pyramidal cells of Betz are
distributed in the same manner as they are in the
crown of gyrus centralis anterior, but are not as
widely separated. They number 3 to the unit and
range in size from 22/14 p to 36/24 p. The small
neurons measure 11/6-15/9 p, and number 38 to

the unit in lamina Va and 35 in Vb. The large ordi-
nary and special neurons number 21 to the unit in
Va and 19 in lamina Vb, and range in size from
16/10 p to 20/13 p.

Layer VI. The layer of polymorph cells is much
narrower than in the crown of gyrus centralis an-
terior, measuring only 0.220 mm. in breadth. The
neurons number 63 to the unit in lamina VIa and
42 in VIb. The pyramidal cells range in size from
11/7 p to 21/16 p, and the spindle cells measure
16/6-27/11 p.

In the cresyl-violet sections the giant pyramidal
cells of Betz are stained more darkly than any other
cells in this area. These cells contain more chromo-
phil substance than any other cells, and this sub-
stance is more advanced in differentiation than in
any other cells in this area. The chromophil sub-
stance is greater in quantity and more advanced in
differentiation than in the giant pyramidal cells of
Betz in this area of the cortex of the six-month in-
fant. Differentiation of the chromophil substance is
more advanced in the large giant cells than in the
small ones. In addition to flakes and well-formed
Nissl bodies, a few fine granules and several clumps
of chromophil substance are present in the large
giant cells, but both granules and clumps are less
numerous than in the large giant cells in this area in
the six-month cortex. Well-formed Nissl bodies are
more numerous in all the giant cells than in giant
cells of comparable size in this area in the six-month
cortex. The Nissl bodies and granules extend into
the apical and basal dendrites in greater quantity
and for a greater distance than in the six-month cor-
tex. Collateral branches of the apical dendrites are
not stained, but the sites of origin of some of the
proximal ones are indicated by a small, darkly
stained clump of chromophil substance at the pe-
riphery of the dendrite. Branches of the basal
dendrite are as rare and in about the same condi-
tion as in the six-month cortex. The nuclear mem-
brane is thick and darkly stained, and has on its
external surface a few small clumps of chromophil
substance. A darkly stained cone of chromophil sub-
stance rests on the nuclear membrane immediately
below the origin of the apical dendrite in almost
every giant pyramidal cell.

The axon hillock is more clearly defined in the
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giant pyramidal cells than in the six-month cortex.
The hillock is free of chromophil substance. The
axon is stained for only a short distance.

The large ordinary and special pyramidal and
spindle cells in layers V and VI come next after the
giant pyramidal cells in the degree of differentiation
of the chromophil substance. Nissl bodies are less
numerous in these cells and small clumps of chromo-
phil substance are more numerous than in the giant
pyramidal cells. Nissl bodies are more numerous
than in corresponding cells in this area in the six-
month cortex.

The large pyramidal cells in lamina ITIc are next
in degree of differentiation of the chromophil sub-
stance. Small clumps of chromophil substance are
more numerous and Nissl bodies are less numerous
and more flakelike than in the large ordinary and
special pyramidal and spindle cells in layers V and
VI. The cone of chromophil substance which rests
upon the nuclear membrane immediately subjacent
to the origin of the apical dendrite is more darkly
stained than in the large ordinary and special py-
ramidal and spindle cells in layers V and VI, and the
chromophil substance does not extend as far into
the apical and basal dendrites as in the latter cells.
The large pyramidal cells in laminae ITIb and IIla
contain more chromophil substance and are more
darkly stained than corresponding cells in this area
in the six-month cortex. For this reason the large
pyramidal cells in lamina IIIc do not stand out as
conspicuously as they do in the six-month cortex.
Differentiation of the chromophil substance is less
advanced in the large cells in lamina IIIb than in
the large cells in IIIc, and it is still less advanced in
the large cells in lamina IITa. Clumps of chromophil
substance are more numerous and Nissl flakes are
less numerous in the large cells in IIIb than in the
large cells in IIIc. No well-formed Nissl bodies
are present. The chromophil substance is less in
quantity in the large cells in lamina IIIa than in the
large cells in IIIb, and it is in the form of granules,
and small and large clumps; no Nissl bodies or
flakes are present. Differentiation of the chromophil
substance is more advanced in all cells in layer III
than in corresponding cells in this area in the six-
month cortex.

The larger of the cells belonging to layer IV stand

next to the large cells in lamina IIIa as to the degree
of differentiation of the chromophil substance. The
substance is in the form of granules and clumps,
and it is slightly greater in quantity than in these
cells in this area in the six-month cortex.

The cells in layer II are the least advanced in the
differentiation of the chromophil substance. The
substance is in the form of a thin layer of granules
and clumps clinging to the external surface of the
nuclear membrane and it is greater in quantity than
in this area in the six-month cortex. In almost every
cell in layer II a cone of darkly stained chromophil
substance rests upon the nuclear membrane immedi-
ately subjacent to the base of the apical dendrite.
The apical dendrite is stained for only a very short
distance, but for a greater distance than in the six-
month cortex. The basal dendrites are stained for a
much shorter distance than the apical dendrites, but
they are more prominent than in corresponding cells
in this area in the cortex of the six-month infant.

Horizontal cells of Cajal are seen occasionally in
layer I, and most of them are faintly stained. The
other neurons in this layer resemble the pyramidal
and granular cells of layer II.

An inverted pyramidal cell is seen but rarely in
layer V or VI. One inverted giant pyramidal cell is
present in layer V.

In-the Cajal preparations the giant pyramidal cells
of Betz are more darkly stained than any other cells
in this area. Neurofibrils in the Betz cells are larger,
more numerous, and extend farther in the apical and
basal dendrites than in any other cells in this region
of area FA. The neurofibrils are larger and more
numerous in the cell-body than in the dendrites.
They decrease in size and number as they proceed
toward the ends of the dendrites, and granules in-
crease in number. A few granules are present be-
tween neurofibrils in the cell-body. The neurofibrils
are located in the cytoplasm only, the karyoplasm
containing granules only. Neurofibrils in the Betz
cells are more numerous, larger, and longer than in
these cells in this region of area FAy in the six-
month cortex.

The larger ordinary and special pyramidal cells
in layers V and VI and the large spindle cells in
layer VI are stained more lightly than the giant
pyramidal cells of Betz. A few neurofibrils are
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present in the largest of these cells only, but the
neurofibrils are smaller and much less numerous than
in the Betz cells. No neurofibrils are present in these
cells in the cortex of the six-month infant.

The large cells in lamina IIIc are stained less
deeply than the Betz cells, and are about the same
color as the large ordinary and special cells in layers
V and VI. A few small neurofibrils are present in the
bodies and dendrites of the largest cells in lamina
IIIc, but even in these cells granules predominate.
The neurofibrils are less in number and granules
are correspondingly more numerous than in the
large ordinary and special cells in layers V and VI.
No neurofibrils are present in these cells in the six-
month cortex.

The cytoplasm in all other cells in this area is
filled with granules and contains no neurofibrils.

FIBERS. The apical dendrites of the giant pyramidal
cells of Betz in layer V are larger than those of any
other cells in this area. These dendrites are larger
than those of the giant pyramidal cells in this area
in the six-month cortex. The terminal branches of
the apical dendrites in layer I are slightly more
numerous than in the six-month cortex. The ter-
minal branches end as straight shafts among the
tangential fibers in layer I. The collateral branches
of the apical dendrites are larger and longer, but no
more numerous than in the six-month cortex. The
basal dendrites of the Betz cells are larger and
longer and have more branches than those of cor-
responding cells in the cortex of the six-month in-
fant.

Pedunculated bulbs are more numerous on the
dendrites and their branches than in the six-month
cortex. The bulbs have longer pedicles than in the
six-month cortex. Increase in the number of bulbs
is especially noticeable on the terminal branches of
the apical dendrites.

The axzons of the giant pyramidal cells of Betz
are larger and have more myelin than those of any
other cells in this area. The axons of the Betz cells
are larger and have more myelin than those of cor-
responding cells in this area in the cortex of the six-
month infant. The collateral branches of the axons
are larger, longer, and have more myelin, but are no
more numerous than in the six-month cortex. The

myelin on the collaterals is considerably less in
quantity than that on the axon itself.

The apical and basal dendrites of the large ordi-
nary and special pyramidal and spindle cells in
layers V and VI are larger, and the basal dendrites
and collateral branches of the apical dendrites are
longer, than those of corresponding cells in this
area in the six-month cortex. The dendrites of these
cells are not as large as the dendrites of the Betz
cells in this area in the cortex of the fifteen-month
infant. The apical dendrites of most of the large
ordinary and special pyramidal and spindle cells in
layer VI end in layer IV or III, but the apical den-
drites of some of these cells reach layer II or layer
I

Pedunculated bulbs on the dendrites of these cells
are more numerous than on corresponding cells in
the six-month cortex, but are much less numerous
than on the dendrites of the Betz cells in this area
in the fifteen-month cortex.

The axons of the large ordinary and special py-
ramidal and spindle cells in layers V and VI are larger
and have more myelin than those of corresponding
cells in this area in the six-month cortex, but are
much smaller and have much less myelin than the
axons of the Betz cells in the cortex of the fifteen-
month infant.

The bodies and apical dendrites of the largest
pyramidal cells in lamina ITIc are as large as those
of the smallest Betz cells in layer V. The basal den-
drites and the collateral branches of the largest
pyramidal cells in ITIc are generally smaller in
caliber and shorter than those of the smallest Betz
cells. The apical dendrites of the large pyramidal
cells in lamina ITIc are larger and their terminal
branches in layer I are larger and more numerous
than those in corresponding cells in this area in the
six-month cortex. The collateral branches of the
apical dendrites of these cells are larger and longer,
but no more numerous than those of corresponding
cells in this area in the cortex of the six-month in-
fant. The basal dendrites are larger, and their
branches are larger and longer than in the cortex of
the six-month infant.

Pedunculated bulbs are less numerous on the den-
drites of the large pyramidal cells in lamina IIIc
than on the dendrites of the large ordinary and spe-
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cial pyramidal and spindle cells in layers V and VI.
The pedunculated bulbs are more numerous on the
dendrites of the large pyramidal cells in lamina IIIc
in this area in the fifteen-month cortex than in the
cortex of the six-month infant. The distribution of
the pedunculated bulbs on the dendrites is the same
in the two ages, i.e., the bulbs are most numerous
on the apical dendrites, are less in quantity on the
basal dendrites and collateral branches of the apical
dendrites, and are least in number on the terminal
branches of the apical dendrites in layer I.

The axons of the large pyramidal cells in lamina
IIIc are about the same size and have approxi-
mately the same amount of myelin as the largest
ordinary pyramidal cells in layer V. The axons of
the large pyramidal cells in ITIc are larger and have
more myelin in the fifteen-month cortex than in the
cortex of the six-month infant. The collateral
branches of the axons always emerge at a right
angle and extend horizontally in lamina IIIc or
layer IV. The primary branches of the axons num-
ber from one to three, as in the six-month cortex, but
they are larger, longer, and have more myelin and
more secondary branches than in the cortex at six
months. The secondary branches are very small and
short, and are devoid of myelin.

The pyramidal cells in lamina IIIb are, in gen-
eral, smaller than those in IIIc and their dendrites
are smaller, shorter, and have fewer pedunculated
bulbs. Occasionally there is present in IIIb a py-
ramidal cell which is as large, and has as large den-
drites and as many pedunculated bulbs, as the
average large cell in ITIc. The large pyramidal cells
in lamina IITa are smaller, have smaller and shorter
dendrites and fewer pedunculated bulbs than the
large pyramidal cells in lamina IIIb. The apical
dendrites of the large pyramidal cells in laminae
ITla and IITb are larger and their collateral
branches are larger and longer, but no more numer-
ous than corresponding cells in these laminae in this
area in the six-month cortex. The terminal branches
of the apical dendrites ending in layer I are more
numerous than in the six-month cortex. The basal
dendrites of these cells are larger and longer than
in the cortex of the six-month infant.

Pedunculated bulbs on the dendrites of the large
pyramidal cells in laminae IITa and IITIb are more

numerous than on corresponding cells in this area
in the six-month cortex. :

The axons of the large pyramidal cells in lamina
IIIb are smaller and have less myelin than those of
the large pyramidal cells in lamina IIIc. The axons
of the large pyramidal cells in lamina IIIa are
smaller and have less myelin than the axons of the
large cells in IIIb. The axons of the large cells in
laminae IITa and IIIb are larger and have more
myelin than those of corresponding cells in this area
in the six-month cortex.

The dendrites of the pyramidal cells of layer IV
are larger, longer, and have more pedunculated
bulbs than those of corresponding cells in this area
in the six-month cortex. The apical dendrites of
these cells end in the lower part of layer III. The
collateral branches of the apical dendrites and the
basal dendrites are coarser and longer but no more
numerous than in the cortex of the six-month infant.
The axons of the small pyramidal cells in layer IV
are larger and longer and their branches are longer
than in the six-month cortex.

Small pyramidal cells are present in all six layers
of the cortex. The dendrites of the small pyramidal
and fusiform cells in layers V and VI are somewhat
larger and longer and have more pedunculated bulbs
than the small pyramidal cells in layer IV. Pro-
ceeding externally from layer IV the dendrites of
the small pyramidal cells gradually become smaller
and shorter, and the pedunculated bulbs on them
gradually decrease in quantity.

The dendrites of the pyramidal cells of layer II
are smaller, shorter, and have fewer pedunculated
bulbs than those of any other cells in this area. The
axons of these cells are smaller than those of any
other cells. No indications of myelin are present on
the axons. The dendrites of these cells are larger,
longer, and have more pedunculated bulbs, and the
axons are larger and longer than those of corres-
ponding cells in the six-month cortex.

Golgi type II cells are present in all layers of the
cortex in this area, but they are more numerous in
layers II and IV than in any of the other layers.
The dendrites are in about the same state of de-
velopment as those of pyramidal cells of comparable
size, and are larger, longer, and have more peduncu-
lated bulbs than the dendrites of corresponding cells
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in the six-month cortex. The axons of the Golgi type
II cells are coarser and have more branches and
more myelin than those of corresponding cells in
the cortex of the six-month infant.

The tangential fibers in layer I are much more
numerous in the outer one-half of the layer than in
the inner one-half. In the outer one-half the fibers
number 18 to 20 to the unit of width (50 p) in the
Cajal sections. The fibers are small, intermediate,
and large in size. The largest fibers in the Golgi sec-
tions measure 2.25 u between varicosities. No
branches have been observed on any tangential
fiber. ;

The horizontal fibers in layer II are much smaller
and fewer than the tangential fibers in layer I. The
horizontal fibers number but 4 to 6 to the unit where
they are the most numerous.

These fibers are slightly larger in lamina IITa
than in layer II, and number 10 to 12 to the unit.
In lamina IIIb they are still larger, and number 12
to 14 per unit. In lamina ITIc and layer IV, where
they constitute the outer band of Baillarger the hori-
zontal fibers are larger and number 14 to 16 to the
unit. The horizontal fibers in layers IIT and IV are
small, intermediate, and large. '

In lamina Va the horizontal fibers number 14 to
16 to the unit. In laminae Vb and VIa (the inner
band of Baillarger) the horizontal fibers number 20
to 22 to the unit. The horizontal fibers in layers V
and VI are small, intermediate, and large in size,
but the fibers in layer VI are in general larger than
corresponding fibers in any other layer except layer
I. The largest horizontal fibers in the Golgi sec-
tions in layer VI measure 2.25 p in diameter. In
lamina VIb the horizontal fibers number 22 to 24 to
the unit across the entire breadth of the lamina.

The subcortical association fibers, which are hori-
zontal fibers lying immediately below layer VI, are
small, intermediate, and large in size and are about
the same size as the horizontal fibers in layer VI.
They number 40 to 45 to the unit, and the largest
fibers measure 2.25 p in diameter.

In the center of the core of gyrus centralis an-
terior, where they are more numerous than else-
where, the vertical exogenous fibers number 40 to
45 to the unit immediately under the cortex. The
fibers are small, intermediate, and large in size, the

largest in the Golgi sections measuring 2.25 p be-
tween varicosities. All of the vertical fibers bear
varicosities. The vertical fibers decrease in number
and size as they ascend in the cortex, and all of them
end as straight shafts. No collateral or terminal
branches have been observed on any vertical fibers.
Most of the ascending exogenous fibers end in layer
V, some fewer end in layer IV, still fewer end in
lamina IIlIc, and occasional vertical fibers end in
layers II and I. The vertical exogenous fibers can be
distinguished from endogenous axons by the presence
of varicosities on the former.

MYELINATION. The brains used for study of the con-
dition of myelination in this area of the cortex fall
into the following sequence as to the density of the
stain in the Weigert sections, the first being the
darkest in color: (1) 52-167, (2) 51-80, (3) 50—
111, (4) 49-279, (5) 42—54, (6) 4661, (7) 39-35.
The decrease in density of stain from one brain to
the next is definite but not great. The stain in brain
39—35 is darker than that in 41—91, the six-month
brain with the most myelin in this area. The follow-
ing description is based upon the sections of 52-167.
Stained tangential fibers in layer I are larger,
more numerous, and darker in color in the walls
and floor of a sulcus in the paracentral lobule than
in the crown of gyrus centralis anterior. The stained
fibers number 14 to 16 to the unit in the sulcus, and
12 to 14 in the crown. The stained fibers are small,
intermediate, and large in size, and all bear vari-
cosities. The largest fibers measure 2.25 p in diam-
eter between varicosities. No branches have been
observed on any of the stained tangential fibers.
The horizontal fibers are more numerous, larger,
and more darkly stained in the walls and floor of
the sulcus than in the crown of gyrus centralis an-
terior. A small, lightly stained horizontal fiber is
occasionally seen in layer II. In lamina IIIa the
stained horizontal fibers number 3 or 4 to the unit,
and they are larger and darker in color than those
in layer II. The stained horizontal fibers number 5
to 7 to the unit in lamina IIIb, and they are larger
and more darkly stained than those in IITa. In
lamina IIIc and layer IV (the outer band of
Baillarger) the stained horizontal fibers number 8
to 10 to the unit, and they are larger and darker in
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color than those in IIIb. The horizontal fibers num-
ber 6 to 8 in lamina Va, and 10 to 12 in laminae Vb
and VIa (the inner band of Baillarger). The stained
fibers are darker and larger in Vb than in layer IV.
In lamina VIb the stained horizontal fibers number
14 to 16 to the unit, and are about the same in size
and color as those in lamina VIa. The stained hori-
zontal fibers are small, intermediate, and large in
size. The largest fibers measure 2.25 p in diameter
between varicosities.

The stained subcortical association fibers are
small, intermediate, and large in size, and all bear
varicosities. They are of about the same size and
depth of stain as the horizontal fibers in lamina VIb.
They number 22 to 24 to the unit. The largest fibers
measure 2.25 p in diameter between varicosities.
The horizontal and subcortical association fibers are
stained more darkly than the corresponding fibers in
this area in the six-month cortex.

The stained vertical fibers number 35 to 40 to
the unit. The largest stained vertical fibers measure
2.50 p in diameter between varicosities. As the verti-
cal fibers ascend in the cortex they decrease in num-
ber and in size, and become lighter in color. Most
of the stained vertical fibers end in the inner band
of Baillarger, and a few end in layer IV. Occasion-
ally a stained vertical fiber ends in the lower part of
lamina IIIb. The stained fibers ending in layer VI
are more numerous and more darkly stained in the
fifteen-month cortex than in the six-month cortex
in this area. No branches have been observed on any
of the stained horizontal and vertical fibers.

REGION OF THE UPPER TRUNK, SHOULDER,
ARM, AND FOREARM

This region of area FAy is generally considered
as being in the part of gyrus centralis anterior im-
mediately adjoining the narrow piece of the upper-
most portion of the gyrus in which is located the
region of the lower extremity. The giant pyramidal
cells of Betz, which constitute the principal char-
acteristic of area FAy, are largest and most numer-
ous in the middle two-fourths of the posterior wall
of gyrus centralis anterior. In the cresyl violet sec-
tions the boundary between area FAy and Econ-
omo’s area PA in the floor of sulcus centralis is in-

distinct. In the lower one-fourth of the posterior wall
of gyrus centralis anterior, and across-the floor of
sulcus centralis, the giant pyramidal cells of Betz
gradually decrease in size and in depth of stain, and
the cells in layer IV gradually increase in number.
Similarly, there is no sharp boundary in the crown
of gyrus centralis anterior between areas FAy and
FA. Here also the giant pyramidal cells gradually
decrease in size and depth of stain and become con-
tinuous with the row of extra-large pyramidal cells
in area FA. The inner granular layer becomes only
slightly more prominent in the anterior lip of gyrus
centralis anterior. In the cresyl violet sections of
the fifteen-month infant the cortex in the walls and
floor of sulcus precentralis, the location of the sup-
pressor area 4s or the strip area of Hines, has no
distinguishing characteristics and closely resembles
the cortex in the anterior part of the crown of gyrus
centralis anterior. In the posterior two-fourths of
the anterior wall of gyrus centralis anterior in this
region the cortex measures 2.37 mm, in breadth. It
is illustrated in Figures 9, 10, 11, and 12.

CELL-BODIES

Layer I. In the cresyl violet sections the molecular
layer measures 0.405 mm. in width. In the mid-
region of the layer the neurons number 12 to the
unit. They are more numerous near layer II. The
cells resemble those in layer II in size and appear-
ance. No horizontal cells of Cajal have been ob-
served.

Layer II. The outer granular layer measures 0.15
mm. in breadth and contains 130 neurons to the
unit. The layer consists of granule, pyramidal, and
Golgi type II cells ranging in size from 9/6 u to 16/12
w. The outer boundary of the layer is fairly sharp,
but the inner border is indistinct because the cells of
layer IT mingle freely with those of lamina IIIa.
Layer I11. This layer measures 0.925 mm. in width.
In the mid-region of lamina IIIa the neurons num-
ber 74 to the unit and measure 10/6—20/13 p. In
the mid-region of lamina IIIb the neurons number
46 to the unit and measure 10/6-25/15 p, and in the
mid-region of lamina ITIc they number 44 to the unit
and range in size from 10/6 p to 32/17 p.

Layer IV. The inner granular layer is clearly visible
but is less distinct than layer II. It consists of small
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nerve cells which number 75 to the unit and range in
size from 9/6 p to 14/9 p. The upper and lower
borders of the layer are indistinct and irregular be-
cause the large pyramidal cells of laminae IIIc and
Va invade the granular layer. The layer measures
o.150 mm. in width.
Layer V. This layer has the same general appearance
and.characteristics in this region as in the region of
the lower extremity. The breadth of the layer aver-
ages 0.295 mm. The small neurons measure 10/6—
14/11 p, and number 25 to the unit in lamina Va and
26 in lamina Vb. The large ordinary and special py-
ramidal cells range in size from 16/11 p to 23/20 g,
and number 15 to the unit in Va and 12 in Vb. The
giant pyramidal cells of Betz average 2 to the unit
and measure 27/18-41/29 p. The Betz cells are lo-
cated chiefly in lamina Vb, but are also present in
Va. They occur singly and in groups of 3 or 4.
Layer VI. This layer consists of small, intermediate,
and large, pyramidal, spindle, and Golgi type II cells.
The neurons number 49 to the unit in lamina VIa and
22 in VIb. The pyramidal cells measure 10/6-25/14
g, and the spindle cells range in size from 18/6 u to
32/13 w. The layer measures 0.445 mm. in width.
The giant pyramidal cells in layer V. are stained
more darkly and contain more chromophil substance
than any other cells in this area. The chromophil sub-
stance in these cells is more advanced in differentia-
tion than in any other cells in this area. The substance
is also greater in quantity and more advanced in
differentiation than in the giant pyramidal cells in
this area in the six-month cortex. The chromophil
substance extends into the apical and basal den-
drites in greater quantity and for a greater distance
than in the six-month cortex. Nissl bodies are more
numerous and clumps of chromophil substance are
less numerous than in the six-month stage of de-
velopment. The Nissl bodies are principally elon-
gated. A few elongated Nissl bodies are present in the
proximal part of the apical dendrites, but these struc-
tures are not present in the basal dendrites. The basal
dendrites are stained for a much shorter distance than
the apical dendrites. In the basal dendrites the
chromophil substance is in the form of fine granules,
except that a small, darkly stained clump is present
at the point of origin of each branch. Only a few
branches are stained. No collateral branches of apical

dendrites are stained, but a small, dark clump indi-
cates the place of origin of each branch. In the fifteen-
month cortex the chromophil substance in the giant
pyramidal cells in the region of the trunk, shoulder,
and arm is more advanced in differentiation than in
corresponding cells in the region of the lower ex-
tremity in area FAy. Nissl bodies are more numerous
and clumps of chromophil substance are less num-
erous than in the region of the lower extremity.

The nuclear membrane in each giant pyramidal
cell is thick and darkly stained. In almost every giant
cell a cone of darkly stained chromophil substance is
resting on the nuclear membrane immediately under
the origin of the apical dendrite. The apex of the cone
is directed toward the apical dendrite, and strands of
chromophil substance extend from the apex of the
cone toward the base of the apical dendrite. Fre-
quently, but not always, the nuclear membrane is
especially thick and darkly stained subjacent to the
points of origin of the basal dendrites. Usually an
aggregation of small clumps of chromophil substance
is present in the cytoplasm at the point of origin of
a basal dendrite.

The axon hillocks are more clearly defined in the
giant pyramidal cells in the fifteen-month cortex than
in the six-month cortex. No chromophil substance is
present in the axon hillock.

The large ordinary and special pyramidal and
spindle cells in layers V and VI are next to the giant
pyramidal cells as to the degree of differentiation of
the chromophil substance. The substance is in the
form of granules, small clumps and a few Nissl flakes.
No well-formed Nissl bodies are present. In these
cells the chromophil substance is greater in quantity,
Nissl flakes are more numerous, and clumps are less
numerous than in corresponding cells in the six-
month cortex. The apical and basal dendrites are
larger and stained for a greater distance than in the
six-month cortex. The basal dendrites are smaller and
stained for a shorter distance than the apical den-
drites. A clump of darkly stained chromophil sub-
stance is usually present at the origin of each basal
dendrite. In most of these cells a darkly stained cone
of chromophil substance rests upon the surface of
the nuclear membrane immediately below the origin
of the apical dendrite. There are no distinguishable
differences between these cells in this region and the



