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The ventrolateral nuclear group of the dorsal thalamus in
the monkey consists of the large cell mass lying between the
external and internal medullary laminae rostral to the pul-
vinar, Fibers from these nuclei terminate on a sector occupy-
ing the middie portion of the dorsolateral cerebral cortex,
Previous investigators using, in most instances, the method
of retrograde degeneration, have determined the cortical pro-
jection of various nuelei within this group (Clark and Boggon,
'30; Mettler, ’47; Walker, 38). Their results show general
agreement; however, their published maps differ in detail
with respect to the topical arrangement of the projection of
separate nuclel. Furthermore, except in the case of n. ven-
tralis posterior, the details of fopographical arrangement of
the projection to cortex from within an individual nucleus
have not heen worked out.

* This study swas supported iu part by Contract DA—48-007-MD-401 from the
Department of the Army, We wish to express our appreciation to the several
technicians in New Haven, Orange Park and Hartford swho helped in the prepa-

4 ration of the histologieal materials; to Dr. Josephine Semmes for her interest in
the early phases of the experiment; o Dr, K, 8. Lashley who initiated these
' studies; and espeeially to Mrs. Marilyn Benson Tucker without whose help this

é manuseript wonld not have been assembied.
i Now at the Department of Physiology, The University of Chicago.
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In order to determine the organization of the projection of
the entire ventrolateral nuclear mass it is necessary to de-
limit consistently the various subdivisions. A survey of stud-
tes by Crouch (’34), Aronson and Papez (’34), Clark (32},
Krieg ('48), Olszewski {’52), and Walker (’38) on the normal
configuration of the Muacaque’s thalamus indicates that for
the ventrolateral nuclear group such delimitation may be
difficult.? These authors differed from each other in the num-
ber of nuclei, their boundaries, designations, and cytoarchi-
tectural characteristics. Thus an attempt to reach conclusive
delimifations based on these 6 studics was not successful. An
example serves to illustrate some of these diffieulties: Crouch
reported the largest number of nueclei in the rostral portion
of the ventrolateral group; there were 5 nuclei (n. veutralis
anierolateralis, n. ventralis anteromedialis, n. veritralis inter-
medius, n. lateralis anteromedialig, n. lateralis anterolater-
alis}, some with additional subdivisions. Le Gros Clark recog-
nized only two nuclei, one sitnated medially, and the other
laterally (n. ventralis, pars anteromedialis, n. ventralis, pars
anterolateralis). Walker and Krieg also listed only two nu-
clet, but divided them rostro-candally {n. ventralis anterior,
n. ventralis lateralis). Aronson and Papez, and Olszewsk:
considered the anterior tip as one nucleus, but made a medio-
lateral division at the posterior part. The last author’s area
X was not identified by any of the others but was included as
part of both the n. ventralis lateralis and the n. ventralis
posterior,

Table 1 lists the name of the various nuclei and their cell
types as described in the 6 studies cited. In constrncting this
table Walker's stndy was used as a standard.® The subdivi-
sion and. borderling nuclei and their deseriptions were not
inclnded. It ig apparent that there is some disagreement
about the cellular structures of these nuclei. Sometimes mye-
loarchitecture was used in addition to eytoarchitecture. Again,

*The older hiterature on the monkey’s thalamus was reviewed by Arcuson and

Bapez {734) and Walker (738},
* Walker’s designations of the separate nuelei were adopted in later discussions,



TABLE 1

Bummary of deseripfions wsed by vavious anthors 1o detimil the subdivisions of the ventrolateral nuclear growp as determined by cytoarchitecture

WALKER

n. wenfrafis anierior s
polyEonal, well-stained
erlls in closters.

veniruliz interulis
medinm-sized, polygonal,
fairly well-stained cells,

=

. Interafis dorsafis
madinm-sized, fairly wrl]
stained, pyramiudal celly
in compract clumps,

=

-]

. fuberafis posterine
medinm-sized, moder-
ately well stained, cells
fairly ecompnct and regu-
Tarly arranged.

n. uweptralis posteralateeniis
large, well stainel  cells,

n. ventroulis puosteromediofic
mediim-gized, well-
stained, pelygonal eclls,
vompacliy arrangel,

n. ventridiv taferior small,
polygonal, pale-stained
cells, widely scattered
lonsely arranged.

ULEZEWEKT

fr. wentraliv anterior)
medivm -sized, multipn
Iar. plump, rather lightly
stained cells in clusters.
{patrs gnoeedlularis
Inrge lark cells, densely
arrunged.

(r. wenfralis faternliy piry
aendis ) ronmi or owval,
plump, dark cells in
large clusters. (n. ven.
trufis lotereliy, pars o
dufix) large, multipolar,
plump. slightly light
velts, uniformly seat-
tered.

(a. freterafis dorsaiis)}
medinme-gized,  polyigonil
cells with short dendrites
and dark Nissl Lodies,
evenly and sparsely dis
tribated.

fn. Interalis posterioe)
medinm-sized, multipolar
cells, evenly and not too
densely scatiered.

(n. lnferatin poxtern-
htterafis, pues orafix,
grtes etpifnlis] very
aroe, moltipoloe, plamp,

ke colts ineermingled
with smaller cells cau-
dnlly.

(r. wetralie pustero.
weedilic ) small and
lurwer cells like n. ven-
tralis posterolateralis,
pars catdabis {pirve-
celfufrris} . lightly
stained cella, s densely
packed. "

{u. wentralis posterivr in-
ferior) mediimn-gized,
lightly stained, polyronal
celis, widely scattered.

KRIEG

{n. ventenlis, pars anie-
#inr} large, dark cells,
very widely separaled.

{u. wentralid, poars ven-
tenfiz} cells arc denser
than ©n. ventralis ante-
rior, hut oot darker.

(n. federalis doorsaliz)
cells are paler than the
surrominding cells,

(. feternlis, pirs anterinre)
large, roumd, dark cells,
wilely separated, become
closer together caudally,

(9. wenfrulfs, nposterioy lnf-
erdis) cells like n. Inter-
alis, parg anterior, but
fiber arrangement is not.

fr. droudafus h’:Eer(lea‘j
larger, darker cells.
{H. wreientas medialis}
very small, lorit cells

(h. wventrufis pasterine in-
ferivr) smaller, paler
cells, widely spaced.

LE GR{

CLARK

(n. ventralis, pars aniero-
miediolis] large, poly-
ganal cells, evenly dis-
tributed. (n. ventralis,
pars anteriur Infarafis)
smaller, fluttenad or
fusiform eells in je-
rigular groups,

(pasteriar party of n,
ventrafis auterolateralis
and n. ventrafis mnfera-
medialis)

Ca. Mderalis. element A}
rather large cells, well
spaced.,

. faterulis, element B)
rells like in Ve, bal
smiiller, less stained, less
densely arrangod.

(. ventraliz, piary exferiun)
large, polygonal, deeply-
stained ceils, diffusely
wnd irregularly spoced,

. wentridis pirs wr¥cuata)
saine size celis as Ye,

more irregulnr and fusi-

form, some small cells.

(u. vribralis, pirs poste-
rioe} medjum-sized
rotnd, lightly stained
cells,

{n. ventralis, pors ante-

ARG N AN ALY

rior) large cells in
widely separated clus-
ters.

fruferior purts af n. ven-
trelis, porg laterolis)
fairly large cells send-
tered. (anterior ports of
w. Mentralis, pars ven
tralis ) medinm-sized
deep staingd eells

(. tnteralia, pors anterior)
medium-sized cells,
evenly scatteread.

(posterior port of m, nen-
tralfie, purs lateruifs, m.
lateralin, pars inferior
and n. leteralizs, pars
posterior) medium-sized
cells, evenly distributed.

Cpart of 0, wvantrolis, petrs
laterafis, n, mentralis,
pary ventratiz and pad-
xibfy 0, venfralis, pors
aretibe )

(n. venfralls, purs arow

uta) lateral part — large
solla, medial part —
small eells

CROUCH

(n. wentrofis anterolater-
wfte) (u, wentralis anfe-
ramedindis) (R, venbrafis
interineding)

(n. Mieralix anleromedi-
alix. pirs ablerior, quers
posterior) (n, Interufis
anterudnieraliz)  deserip-
tion omitted.

(a. dateralis dorsalis)
na description.

{n. Interalis posterior. ypars
dareatiz, pars medinliv,
pars fateralis) slose,
ovenly arranged gelis,
Slightly larger, lightly
stained cells. Some
large, dack polygonal
cells,

{n. ventratis jroatere.
fateratis) small and
closely arranged cells,

(i, ventealis postero-
wrgdindiz) no deseription.

(. werbralis postersin-
ferlor)
cells,

widely scattered
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the differences in fiber structures have not been consistently
applied by all investigators to all nuelei. Thus, a consistent
and universally acceptable criterion for distinguishing sepa-
rate nuclei within the ventrolateral cell mass has vet to be
established.

The present study attempts to determine the cortical pro-
jection plan of the ventrolateral nuclear group of monkey’s
dorsal thalamus. The refrograde degeneration of a large
series of monkey’s cerebral hemispheres with cortical lesions
was examined for this purpose. Parily due to the difficulties
encountered n delimiting individual nueclei based on defini-
tions used in previous studies and partly due to the conveni-
ence of analysis, a gross topographieal criterion of subdivision
was adopted. This choiee was more or less forced upon us:
our material (Nissl stained) often showed severe degeneration
which did not permit us to “*decide for almost every individual
cell whether it should belong to this or that nucleus,’” as
stated by Olszewski (p. 32). It should be emphasized that we
do not deny the importance of using regional structural {cellu-
lar and fibrous) characteristies to differentiate the separate
nuelei of the ventrolateral group. We fecl, however, because
of the difficulties mentioned, that a gross method will be more
useful until a more universally acceptable microstruetural
analysis based on a large series of monkey brains is available.

MATERIAL AND METHOD
Subdivisions of the ventrolateral nuclear group

Based on a gross {opographieal eriterion, this nueclear group
was divided into 6 principal nuclei for the present study:
(a) the rostral portion anterior to the beginning of n. medi-
alis dorsalis was considered as one nucleus and designated
as V1. It is roughly equivalent to n. ventralis anterior and
was further arbitrarily subdivided into a medial and a lateral
half. (b) The lateral cell mass between the first appearance
of n. medialis dorsalis and the first appearance of the n.
centrum medianom was designated as V2 and considered
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roughly equivalent to n. ventralis lateralis, It was further
subdivided into quadrants: anterolateral, anteromedial, pos-
terolateral, and posteromedial. (c¢) The cell mass dorsal to
the level of the n. centrum medianum and extending from
the appearance of this nucleus to the appearance of the n.
habenularis was considered roughly equivalent to the n. later-
alis posterior. It was called V3 and also subdivided into
quadrants: anterolateral, anteromedial, posterolateral, and
posteromedial. (d) The ventrolateral portion of the cell mass;
co-extensive with the n. centrum medianum, was called V4
and considered roughly equivalent to the n. ventralis postero-
lateralis; it was subdivided into an anterior and a posterior
half. (c) The corresponding ventromedial portion co-cxten-
sive with the n. centrum medianum was considered as V9
and 1s roughly equivalent {o n. ventralis posteromedialis. Tt
was subdivided into a lateral and a medial part, the latter
roughly equivalent to the parvicellular partion. (f) The nu-
cleus situvated belween the internal medullary lamina and
the striatum zonale {n. lateralis dorsalis) did not clearly de-
generate in our preparations and will therefore be omitted
from further consideration.

1t should be emphasized that the nuelear subdivision desig-
nated above are employed solely for pragmatic puarposes.
They may or may not conform to the architecturally differ-
entiated individual nuclei as described by previous investi-
gators.

Retrograde degeneration of the ventrolateral nuclei

The retrograde degeneration appearing in the ventrolateral
nnelear group following cortical ablation was not of the same
character throughout. In general, degeneration in the candal
part of this nuclear group showed fairly clear-cut boundaries
with marked gliosis. On the other hand, the limits of the
degencrated zones in the rostral portion, espeecially in the
nuelear division V1, were difficult fo ascertain; less gliosis
and more sparsely distributed degeneration were character-
istic. For the present study, no attempt was made to differ-
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entiate these two {ypes of degenerative changes. They were
treated uniformly as indication of retrograde cell-atrophy
resulting from the severance of axons. In a few instances,
we Included a category of ‘“‘doubtful” degeneration. This
category indicates cither arveas with some pale, or swollen
neurons with slight gliosis, or, areas around the borders of
definite degeneration which could not easily be assigned to
one or another nuclear division.

MATERTAT,

Forty-cight cerebral hemispheres of monkeys (Macaca mu-
latta) with cortical ablations of various loci and extent were
used. They are a part of the collection of the Yerkes Labora-
tories of Primate Biology and the Laboratory of Neurophysi-
ology, Institute of Living. We wish to thank Doctors Semmes,
Berman, Robinson and Kruger for making their anatomical
materials available to us in this investigation. All the animals
have been used in various behavioral studies. Most of the
anatomical data have heen reporied in detail in previous pub-
lications (Bagshaw and Pribram, *53; Blum, ’51; Blum, Chow
and Pribram, ’50; Pribram, Kruger, Robinson and Bermaun,
'56). Retrograde degeneration in the ventrolateral nuclear
group was analyzed for the present study.

All the brains were embedded in nitrocellulose and cut into
serial, coronal sections either in 50 u or in 25y thickness. In
the former case every 10th section, in the latier every 20th,
was saved and stained with thionin. Thus the stained sec-
tions are 0.5 mm apart for all the brains. The cortical lesions
of the hemisphere were reconstructed by a standard method
of orthogonal projection. The thalamic degencrations were
determined microscopically and plotted on drawings of the
thalamus projected from the stained sections.

METIHOD OF ANALYSIS

The method used to determiue the cortical area receiving
fibers from a particular nuclear subdivision was similar to



TABRLE 2

Suwwmmnary of thalamie degencration

Numbers indicate hemisphercs. Plus indicutes degeneration present in o subdivision of the
ventrolateral nuclear group. Minug indicutes no degeneration found in this portion. 1) indi-
wites donbtful degeneration or deubt as to the exact placement of the boundary of definite
degeneration, V1: roughly cquivilent te n. ventralis anterior; V2: roughly equivalent to n,
ventralis lateradis; Vi@ roughly equivalent to n, lateralis posterior; Vi: roughly egnivalent to
n. ventralis posterolateralin; ¥V3: roughly equivalent to n. ventralis posteromedindis,
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that described by Chow (°50), Tu short, it consisted of trans-
posing the reconstructed lesions of all cerebral hemispheres
to ‘“stundard’ brain dingrams. In order te determine the
cortieal field related to a given subdivision of a nuecleus, a
commou arca was niapped by superimposing the ““standavd™
diagrams of all cortical lestons which cansed degeneration in
this subdivision. The extent of lesions which did not cause
degeneration were subi{racted from this common arvea. The
minimal extent of the cortical projeetion ficld of this scleeted
subdivision was thus obtained. Using this procedure, the
niinimal extent of the eortical projection ficld was obtained
for each of the 14 subdivisions of the 3 prineipal nuclear
divisions of the ventrolateral group. From these determina-
tions, a general plan of the prejection from tiie entive ventro-
laternl nuclear group was constructed.

RESULTS

The original recoustructed cortical lesions of the 48 cerebral
hemigspheres together with representative seetions through
their thalami showing local degencrations ave presented in
figures 1 and 2. For easter comparison, left sided diagrams
are used throughout. Table 2 summarizes the thalamic de-
generation found in these brains

Tamils of the cortical field of the ventrolateral
aclear group

Based both on our carlier studies of the cortical projection
of the n. medialis dorsalis, n. pulvinaris and n. anterior {Chow,
'50; Pribram, Chow and Scemmes, '53; Pribram and Fulton,
'54) and the present series of experiments, the boundaries of
the cortieal seetor veceiving fibers from this nuclear group
may he estimated as follows. Anteriorly, the scetor is bound
by the limbs of the areuate sulcus; posteriorly, by a linc
roughly perpendicular to and bisecting the intraparietal sul-
cus ; medially by the callosomarginal suleus; and laterally by
the Sylvian snlens.



VENTREOLATERAL THALAMIC PROJECTION 67

The cortical projection areas of wndividual
subdiwvisions

The minimal extent of the cortical termination of the pro-
jection of cach of the 14 subdivisions of the ventrolateral
nuclei as obtained by our method is depicted on a series of
“standard’ brain maps (figs. 3-7). The legends of these
figures describe the results. Listed are the cerebral hemis-
pheres used to construct the diagram of minimal cortical
extent of cach of the projections, as well as the ““exceptional”
cases; i.e., those hemispheres which had lesions involving the

A

Fig. 3 Minimum projection fields of portions of V1, the nuelear division which

corresponds roughly te the n. ventralis anterior,

A, Minmmal extent of the projection field of the medial portion of V1. This area
is made from a ecomposite of the following lesions: Nos. 1, 2, 4, 5, 6, 7, 8§,
2], 22, 45, 46, 47, and 48, The following hemispheres have n lesion involving
this arca but show no degeneration; these are considered as exeeptionzl cases:
Nos. 20 and 24,

B, Minimal extent of the projection field of the literal portion of V1 based on
hemisphere Nos, 3, 4, 5, 6, 7, 8, 14, 16, 17, 18, 19, 20, 21, 22, 23, 25, 26,
and 41. No. 24 j5 an exceptional case,

minimal cortical area but had #e retrograde degeneration in
the corresponding nuclear subdivision. Also included are
the occasional hemispheres with thalamic degeneration where
the lesion did not involve the minimal arca correlated with
degeneration in that thalamie subdivision. Both the figures
and the legends are self-explanatory, and should he read as
part of the text. Special mention must be made, however, of
the cortical termination of the projection of the anterior por-
tion of the nuclear division V4. The hemispheres were divided
into two groups; each yielded a ‘common’ area. One is pre-
dominantly precentral, the other postcentral. If these two
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groups had been combined, minimal extent of the projection
of this nunclear subdivision would have fallen on the central
fissure. For diagrammatic purposes, therefore, we depicted
mstead the minimal areas obtained from both groups of
hemispheres {fig. 6 A, 6 B).

The significance of the ‘‘exceptional’’ cases described above
has previously been discussed by one of us (Chow, ’50). Ex-

NSRS
958

Fig. ¢ Minimun projection fields of portions of V2, the nuelear subdivision
which eorresponds roughly to the n. ventralis lateralis,

A, Minimal extent of the projection field of the anteromedial portion of V2 based
on hemisphere Nos. 3, 4, 5, 6, 7, 8, 12, 14, 17, 18, 20, 21, 22, 25, and 26,
Exeeptional cases ure Now, 1, 2, and 45,

B. Minimal extent of the projection field of the anterolateral portion of V2
on hemisphere Nos. 5, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 18, 22, 2
25, 26, and 41. Execptional cases are Noa, 2, 6, and 20,

C. Mipimal extent of the projection field of the posteromedial portion of V2
based on hemisphere Nos, 4, 6, 8, 12, 14, 17, 18, 18, 20, 21, 22, 23, 24, 25,
and 26. Exceptional cases are Nos. 1, 2, 3, and 7.

D. Minimal extent of the projection field of the posterolaternl portion of V32
based on hemisphere Nos. 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 18, 20, 23,
24, 25, 26, and 27. Exccptional case 1s No. 6.

based
3, 24,

ceptions may vesult from differences in the size of lesion, the
survival time following surgery, the extent of damage to the
depths of sulel or the extent of damage to fiber tracts under-
lying cortex; in addition, inaccuracies in the method of trans-
ferring to standard diagrams, and possible variations hetween
individnals in thalamo-cortical projection must be considered.
Since no systematic study has been made regarding the pos-
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sible factors accounting for exceptions we are compelled, at
present, to disregard them in drawing our conclusions.

The general cortical projection plawn of the
ventrolateral nuclear group
The resuits indieate, in general, that as these nuclel ave
defined by us, nuclear division V1 (roughly the n. ventralis

C D

Fig. 5 Minimum projection fields of portions of V3, the nuclear suhdivision
which eorresponds roughly to the n. lateralis posterior.

A, Minimnal extent of the projection fielid of the anteromedial portion of V3 hased
on lLemisphere Nos. 6, 12, 14, 17, 18, 21, 22, 23, 25 and 26, Exceptional
cases are Nos. 16, 19, 20, and 24. The lesion of No. 1 does nat invelve this
area but shows idegeneration,

B. Minimal extent of the projection field of the auteralateral portiou of V3 based
on hemisphere Nos. 8, 9, 12, 14, 13, 17, 21, and 26. Fsceptional cases are
Nos. 23 and 20, L

€. Minimal cxtent of the projection field of the posteromedial portion of V3
based on lhiemisphere Nos. 34, 35, 38, 39, 48, 46, and 47,

D. Minimal extent of the projeetion fieldl of the posterolaterai portion of V3
haged on lLemispliere Noa. 34, 36, 37, 38, 39, 42, and 46. Fxceptional cnses
are Nos. 9 and 12,

anterior) projects to a cortical sector dorsal to the superior
limb of the arcuate suleus; V2 (roughly the n. ventralis later-
alis) to the precentral gyrus; V3 (roughly the n. lateralis
posterior) to a wide U-shaped band of cortex extending from
the precentral dimple around the ventral tip of the central
fissure, to the cortex on éither side of the intraparietal sulcus.
V4 (roughly the n. ventralis posterolateralis) sends fibers to
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both banks of {he central fissure, V5 {roughly the n. ventralis
posteromedialis) sends fibers to the fronto-parietal opercu-
lum; its parvicellnlar portion projects to the anterior insula.

Figurce 8 depiets the gencral plan of the central termination
of the projection of the eniire ventrolateral nuclear group
based on the minimal areas deseribed in the previous section.
The anteroposierior axis of the nuclear mass corresponds, in

A B C

Fig. ¢ Minimum projection fields of portions of V4, the uuclear subdivision
which correspouds roughly to the n. ventralis posterolateralis. The Lemispheres
which delimit the anterior portion of V4 fall inte two groups: those in which the
lesions arc predoeminantly preeentral and those in which the lesions are predomi-
nantly posteentral. Minimal extent of the projection feld would be directly on
the central fissure if all Urains ave used. They are, therefore, scparited for
dingramumitic purposes,

A. Minimal precentral extent of the projeetion fiehl of the anterior portion of
V4 based on hemisphere Nes. 8, 10, 11, 12, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22, 23, and 26, Execeptional ease No. 24,

B. Minimal posteentral extent of the projection field of the auterior portion of
V4 based on hemisphere Nos. 33, 34, 35, 38, aud 39, The lesion of No. 30
doss not involve this area but shows degeneration.

C. Miniwmal cxtent of the projection field of the posterior portion of V4 hased
on hemisphere Nos. 11, 12, 13, 14, 32, 33, 34, 25, 38, 39, aml 40, Exceptional
cases are Nos. 36 and 37,

A

Fig. 7 Minimum projection ficlds of V3, the nucicar subdivision which ecor-
responds roughiy 1o the n. ventralis posteromodialis,
A. Minimal extent of the projection field of the lateral portion of V5 Lased on
hemisphere Nos. 24, 27, 28, 34, and 35,
B. Minimal extent of the projection field of the medial {parvicellular} purtion
of V5 based on hemisphere Nos. 28, 29, 80, and 23).
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general, to an anteroposterior dimension of the cortex., The
mediolateral axis of nuclear division V1 describes an antero-
posterior projection to the cortex. The mediolateral axis of
V2 and V3 corresponds to a mediolateral dimension of the
cortex. Though our material does not permit a definite deter-
mination of the cortical projection of the mediolateral axis
of V4 which is roughly equivalent to n. ventralis postére-
lateralis, previous investigation ( Walker, ’38) has shown that
this axis projects to a lateromedial dimension of the cortex.
In our material the mediolateral axis of V5 also eorvesponds

Fig. 8 Diagrammatie drawing to show the general plan of cortieal prajection
of the ventrolateral nuelear group., Straight line with arrow indicates the medial
to lateral direction within a nucleus; interrupted line with arrow, the anterior to
posterter direetion; selid triangle, V1, roughly the n, ventralis anterior; solid
cirele, V2, roughty the n, ventralis lateralis; open cirele, V3, roughly the n. lateralis
posterior; solid sguare, V4, voughly the n. ventralis posterolateralis; eross, V3,
roughly the n. ventralis posteromedialia,

to a lateromedial cortical dimension. -With the exception of
the relation ef V3, and V4 which will be discussed below, the
dorsoventral axis of the nuclear mass appears to be undiffer-
entiated with respect to the projection.

DISCUSBION

The present results confirm and extend earlier studies
delineating the cortical areas which receive fibers from the
thalamic ventrolateral nuelei. The retregrade degeneration
found in V1 following ablations of restricted cortical areas
contrasts with previons reports that the n. ventralis anterior
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showed no degencration even after hemidecortication {Walker,
’38). In other primalc studies, however, such degeneration
does occur (Powell, '52; Mettler, ’47). The finding that part
of V3 sends fibers to the precentral gyrus confirms Clark
and Boggon ('35) who also found that the rostral part of
this nuclens {Lb in their nomenclature) projects to regions
of the precentral dimple. Our data concerning V4 (roughly
the n. ventralis posicrolateralis) suggest that its fiber pro-
jection concentrates on the banks of the central fissure, and
that precentral as well as posteentral cortex is involved. The
separation of two cortical areas rceeiving f{ibers from {wo
subdivisions of V3 (voughly the n. ventralis posteromedialis)
supports a4 similar subdivision made on architeclonic and clee-
trophysiological grounds by Rose and Mounteastle for the
rabbit and cat (’52): the lateral part of this nucleus projects
to the frontoparietal operculum (confirming Clark ('32);
Mettler ('47); Walker (’38); the medial, parvicellular part,
to the cortex of the anterior insula.

The general projection plan of the ventrolateral nueclear
group, in agreement with previous findings, demonstrates an
orderly arrangement of projection fibers from the thalamic
nuelei to the cortex. It is noteworthy that in spite of the
entively gross topographic ¢riterion we had adopted to sepa-
rate the nuclear mass, the orvderly thalamo-cortical corre-
spondence holds. As in the case of other nuclear groups, the
three dimensional nuclear mass forms the projection lo a
two dimensional cortical surface by failure of differentiation
of one axis, in this case the dorsoventral. The anteroposterior
dimension of the cortieal projection of the entire ventro-
lateral group appears to be consistent throughout. The medio-
lateral axis, however, desceribes different direclions on the
projection from different nuclear divisions within the group.
The medial parts of V4 and V5 send fibers to cortical areas
relatively lateral lo the cortical arcas receiving fibers from
the lateral parts of these two nuclei, whereas, the reverse
orientation holds for the projections of V2 and V3. These
differences may most plausibly be attributed Lo rotation,
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during embryogenesis, of V5 and the adjacent medial por-
tions of V4 from an extreme lateral position to a ventral and
medial placement. This hypothesis accounts not only for the
apparent discrepaney in the directions of the mediolateral
axes of the various nuclear projections but also for the singu-
lar dorsoventral differentiation between the nuclei V3 and
V4 mentioned above. The possible mechanisms involved in
such a nuclear reorientation will be taken up in a subsequent
communication together with the question of how the general
projection plan of the ventrolateral nuclei fits the results
obtained for other thalamic nuclel such as n. medialis dorsalis
(Pribram, Chow and Semmes, ’33}; n. pulvinaris (Chow,
30} ; n. anterior (Pribram and Fulton, ’54).

SUMMARY

Forty-eight monkeys’ (Macaca mulatta) cerebral hemis-
pheres with cortical lesions of various loei and extents were
serially sectioned and reconstructed. The ventrolateral thal-
amic nuclear group was divided topographically into 6 prin-
cipal nuelei roughly equivalent to commonly accepted nuclear
divisions. A graphic method was employed to analyze the
retrograde degeneration in the ventrolateral cell mass {ex-
cepting the n. lateralis dorsalis) resulting from the cortical
lesions.

The experimental results indicate that the cortical projec-
fion field of the ventrolateral nuelear mass is bounded an-
teriorly by the limbs of the arcuate suleus; posteriorly, by
a line perpendicular to and bisecting the intraparictal suleus;
medially, by the callosomarginal suleus,; and lateraily, by the
Sylvian suleus. Individual nuelei send fibers to limited cor-
tical sectors. Subdivision V1 (roughly the n. ventralis an-
terior) projects to an area dorsal to the superior limb of the
arcuate sulcus, V2 (roughly the n. ventralis lateralis) to the
precentral gyrus, V3 (roughly the n. lateralis posterior) to
a U-shaped band of cortex extending from the precentral
dimple around the ventral tip of the central fissure fo the
cortex on ecither side of the intraparietal suleus. V4 {roughly



T4 KAOQ LIANG CHOW AND KARL H, PRIBRAM

the n. ventralis posterolateralis) projeeis to hoth banks of
ceniral fissure and V5 {roughly the n. ventralis posteromedi-
alis) lo the operculum and anterior insula.

A schematic diagram is presented to show the plan of the
cortical projection of the ventrolateral nuelear group. The
anteroposterior axis of the entire nuclear mass corrvesponds
to an anlerior-posterior dimension of the eortex. The cells
along the dorsoventiral axis of a nueleus terminate on a focal
neuronal aggregate in the cortex since this axis remains un-
diffecrentiated in the projection. Some apparent discrepancies
with vegard to the projection ol the mediolateral axis of the
nuclear mass (which terminate in a predominantly medio-
lateral dimension in the cortex) are resolved by an hypothesis
which states that the medial portion of V4 and V5 has rotuted
to that position from an extreme lateral origin. Comparizon
with earlier studies was briefly nofed.
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