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THE DEVELOPMENTAL STUDY ON THE THALAMIC
NUCLEI IN JAPANESE FETUS

Takashi YAMADORI M. D.

The anatomical study of the thalamus has been performed from the 19th
century by such authors as Nissl? (1889), Russell ® (1891), Monakow® (1895),
Kuhlenbeck™ (1930), Miura™ (1933), Niimi*® (1949) and others. As for the an-
atomical study of the thalamus during the fetal period, there are valuable works
by Fortuyn® (1912), Ingvar® (1923), Kuhlenbeck' (1930), Gilbert* (1934), Coo-
per®™ (1950), Nakamura*> (1954) and others. Among them, Cooper”” and Nakam-
ura®> observed the evolution and differentiation of the thalamic nuclei through
the whole fetal period in human fetus and reported it precisely. Nakamura®®
reported that the thalamic nuclei are completely divided in the 170mm length
human fetus.

The measuremental study of the thalamus were reported by Gri'nthal®® (1934,
Lawrence® (1959), Morooka®™ (1960), and Suzuki® (1961). Gronthal®® studied it
by using primates, Lawrence® by using dolphin, Morooka®® by using primates and
Suzuki® by using carnivores. Grinthal®? compared the volumes of thalamic nuclei
in human, rhesus monkey and chimpanzee by classifying the thalamus into lateral
group, internal nucleus, anterior nucleus and centrum medianum.

However, there is no papers up to now that reported the development of the th-
alamic nuclei in human fetus by measuring volumes of thalamic nuclei with growth
and by observing the general form making reconstruction models. Therefore it
was planned to follow the development of the thalamic nuclei by measuring vol-
ume of each nuclear group, comparing these results with other animals and also

tracing the division of the each nuclues;, and here some interesting results were
obtained.

MATERIALS

The crown-rump length, body weight and brain weight of the used fetus
were measured and fetus of earlier stage were stained with Mayer’s Hematoxylin

and fetus of later stage were stained by Nissl’s method. These are shown on
the table IA and IB.

ih B &
Department of Anatomy, Division I, Kobe Medical College (Director: Prof. Hajimu Takeda)
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Table IA Preparations Stained with Mayer’s Hematoxylin

Cmﬂ:;—gl}}l: mp Weeks Body Weight Fixation
6. 3um 3 0.05¢ Formalin
8.4 6 0.09 ”
8.8 7 0.08 ”
11.6 11 0.21 ”
25.0 12 1.92 ”
54.0 12 12.8 ”
68.0 13 19.1 ”
80.0 15 37.9 ”
101.0 16 73.3 ”
111.0 17 101.0 ”
127.0 19 182.4 ”
143.0 20 211.8 ”
169.0 21 309.2 ”
190.0 24 514.6 "
- 205.0 27 756.5 ”

Table IB Preparations Stained by NissI’s Staining Method

Crown-Rump Weeks Body Weight Brain Weight  Fixation

Length
108:m 15 77.0g 12.04 Alcohol
113 20 250.0 39.0 ”
182 23 400.0 66.0 ”
215 25 540.0 95.0 2
216 27 970.0 137.0 ”
265 29 1160.0 153.0 ”
270 30 1460.0 203.0 ”

310 32 1660.0 206.0 ”
300 35 1720.0 254.0 ”

METHODS
1. Extirpasiron of the brain

The brains were extirpated from the spinal cord by cutting at the Decussa-
tio pyramidum and their weights were measured. Among them, the brains which
were stained with hematoxylin were fixed with 10% Formalin solution and the
brains which were stained by Nissl’s method were fixed with absolute alcohol.

The fetus which were too small to extirpate brains were fixed without extir-
pating the brains and were used to the study.

The photographic pictures were taken before the embedding to record the
original form of the brains of fetus.

(2)
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2. Determination of the standard lines

As standard lines, FO line and FO vertical line were used. FO line is an
direct line which combines frontal end and occipital end of the brain, and FO
vertical line is a vestical line to the FO line on the mid-sagittal plane.

As standard planes, FO sagittal plane and FO horizontal plane were used.

The cerebrum was separated from the brain stem by being cut at the lower
end of the superior colliculus and then was cut again at the mid-sagittal plane.

The left halfs were only used for this study. The FO line was projected on
the lateral surface and the dorsal surface respectively. These left halfs of cere-
bra were embedded into the celloidin and cubic celloidin blocks were made.

The above mentioned lines were also projected on these blocks and these
lines were slightly incised with a knife. = These incisions were used afterwards
as standard to make reconstruction models.

3. Sectioning and staining

The celloidin blocks were frontally sectioned in 40 micron thickness contin-
uously and stained with Mayer’s Hematoxylin or by Nissl’s method.

4. Reconstruction models

The sections of the cerebrum and the thalmic nuclei were enlarged to 6.25
times with photographic enlarger and the forms of them were drawn on section
papers. Then those pictures were drawn again on 1mm thick straw boards.
These strawboards were cut with scissors into the drawn form and were sticked
together to make reconstruction models.

As these pictures were drawn every four sections and the thickness of the
every section is 40 micron, the enlargement on the straw board in one dimension
is 6.25 times.

1mm/40 micron x 4 =6.25

5. Measurement

i) Length, Height and Breadth

FO length of the thalamus or the cerebrum were obtained by multiplying
40micron to the number of sections in which the thalamus or the cerebrum is
observed.

The height and the breadth were obtained by measuring the enlarged pic-
ture of the thalamus and the cerebrum. The numbers of these dimensions were
divided by 6.25 respectively, as these dimensions had so enlarged.

(3)
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i) Volume
The volume was obtained by summing up the planimetried areas of each
thalamic nucleus and the cerebrum. The rumber of each dimension was divided

by 6.25 to compute the real volume.
DESCRIPTION

1. 6.3mm embryo

The diocele occupies the major part of the brain in this fetus and optic stalk
is stretching lateralward from the lower end of the diocele. The lens invaginat-
ion is recognized with thin layer of retinal pigment cells. At the lateral wall of
the diocele the ependymal layer and the mantle layer are not yet clearly distin-
guished. Therefore the region which will grow as the thalamus is not certain at
this stage.

2. 8.4mm embryo

At this stage, the two layers, the mantle layer and the ependymal layer can
be recognized on the lateral wall of the Ventriculus tertius. However, these
layers are not so prominent and primodia of the Septum pellucidum, Fornix and

Corpus callosum are not recognizable.

3. 8.8mm embryo

Sections of this specimen is somewhat oblique to the frontalplane.
The section is almost same with that of 8.4mm embryo. Namely the ependymal
and the mantle layers are well recognized on the wall of the Ventriculus tertius
through the broad Foramen interventriculare. The region which will grow as the
thalamus is not yet so clearly demarcated from the neighbouring tissues.

4. 11.6mm fetus
This specimen is also sectioned somewhat oblique to the frontal plane.

The differentiation of the Ventriculus tertius and the Ventriculus lateralis is
clearer than above embryo and primodia of the Corpus callosum, Septum pell-
ucisum and Fornix are recognizable. At the section in which the Foramen int-
erventriculare is seen, the Corpus striatum, which is locating above the Sulcus
opticus is recognizable. The region lying under the Corpus striatum is so called
preoptic region and this is the place where the thalamus will be completed in
future. However, there are no fissures on the wall of the Ventriculus tertius wh-
ich divide the thalamus from the diencephalon at this stage. In the posterior
sections from the Foramen interventriculare, the ependymal and the mantle layers
are very clear.

5. Z25mm fetus

In this fetus, the Ventriculus tertius.and the Ventriculus lateralis become
narrower and the cerebral surface becomes more complicated one. Also on the

(4)



187

wall of the Ventriculus tertius the Sulcus diencephalicus dorsalis, the Sulcus
diencephalicus medius and the Sulcus hypothalamicus beccme clear and therefore
the four parts of the thalamus, namely Epithalamus, doreal thalamus, ventral th-
alamus, and Hypothalamus can be divided. Among them, the development of the
dorsal thalamus is most prominent and three layers are divisible. These are the
inner germinal layer which has fine congregated cells, outer germinal layer which
has somewhat sparse cell distribution and outermost thick mantle layer.

Describing precisely the sections in which the thalamus is seen frontal to
occipital, the Foramen interventriculare "disappears at the section of 3.7 mm from
the frontal end and at the same time the Sulcus limitans namely Sulcus hypoth-
alamicus appears. By this groove, the thalamus is divided into the Hypothalamus
and the ventral thalamus. At the section of 4, 2mm, Sulcus diencephalicus medius
appears dorsally to the Sulcus hypothalamicus. At the same time a layer which is
called the Zona limitans intrathalamica by Kuhlenbeck® appears in the Sulcus
diencephalicus medius and by this layer congregated cell group of the dorsal
thalamus and sparse cell group of the ventral thalamus are differentiated. However,
this layer disappears at the section of 5.24mm by the confluenence of the Sulcus
diencephalicus medius and the Sulcus hypothalamicus. :

At the section of 4.4mm, the Sulcus diencephalicus dorsalis appears and divides
the Epithalamus from the thalamus dorsalis but this groove become indistinct at
the section of 6.28mm, At the section of 5.08mm, the thalamus looks very
large, but the ventral thalamus is going to disappear and the Zona limitans intr-
athalamica is very indistinct. However, in the more occipital sections, the Sulcus
hypothalamicus becomes very prominent and the development of the dorsal thal-
amus is remarkable, but there is no diferentiation of nuclei also in these sections
and the dorsal thalamus disappears at the section of 6.2mm from the frontal end.

6. From 54mm fetus to 101mm fetus

In 54mm fetus, the Nucleus reticularis which develops from the ventral tha-
lamus is very prominent and also the dorsal thalamus and the Zona limitans intr-
athalamica appear very clearly. However, the nuclei in the dorsal thalamus are
not clear at this stage except very vague cell group along the wall of the Ventr-

iculus tertius.
The sections in 68mm fetus is about same with that of 54 mm fetus.

The Nucleus reticularis covers only the anterior half of the lateral nuclear group
of the thalamus. )

In 80mm fetus, there is much progress in the differentiation of the dorsal
thalamus. The Nuclus anterior ventralis and the Nucleus lateralis dorsalis in the
dorsal nuclear group, the Nucleus medialis dorsalis and the Nucleus laminalis in
the dorsal group of the medial nuclear group (the medio-dorsal nuclear group.,
the Nucleus medialis ventralis in the ventral group of the medial nuclear group
(the medio-ventral nuclear group and cells of the lateral nuclear group and the
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posterior nuclear group are recoghizable. The median group of the medial nuc-
lear group (the medio-median nuclear group) is not certain but is recognizable
as the vague cell group along the wall of the Ventriculus tertius. The Nucleus
reticularis is also prominent at this stage but not covering the whole lateral
nuclear group.

In 101lmm fetus, sections are about same as those of 80 mm fetus.

7. From 108mm fetus to 300mm fetus

As for the fetus more than 108mm length, the description is done mainly on
the preparations which were stained by Nissl's staining method to describe the
cells.

In 108mm fetus, Nissl granules can not be recognized and there is no pro-
gress in the differentiation of the nuclei comparing with 10lmm fetus except
medio-median nuclear group. Particularly the Nucleus paratenialis can be recog-
nized as a small cell group medio-dorsally to the Nucleus medialis dorsalis.

There is no progress in the differentiation of the nuclei also in 113mm fetus
but the Fasciculus mamillothalamicus is very clearly recognized ventrally to the
lateral nuclear group.

In preparations of 182mm fetus and 215mm fetus, Nissl granules and cells
become clear and also all nuclei which consist of the thalamus can be recognized;
namely seven groups 17 nuclei, the dorsal nuclear group (Nucleus anterior dors-
alis, Nucleus anterior medialis, Nucleus anterior ventralis and Nucleus lateralis
dorsalis), the medio-median nuclear group (Nucleus paratenialis, Nucleus reuniens
arcuatus, Nucleus rhomboides and Nucleus paramedianus), the medio-dorsal nucl-
ear group (Nucleus medialis dorsalis and Nucleus laminaris), the medio-ventral
nuclear group (Nucleus medialis ventralis and Nucleus parafascicularis), the late-
ra] nuclear group (Nucleus lateralis ventralis and Nucleus ventralis), the posterior
nuclear group(Nucleus pulvinaris and Nucleus limitans) and Nucleus reticularis.

The Nucleus anterior dorsalis develops dorsally to the Nucleus anterior ven-
tralis as lean congregated cell group and these nuclei disappear about same time.

The Nucleus anterior ventralis is much larger than the former and has oval
shape between the Nucleus medialis dorsalis and the Nucleus anterior dorsalis,
and disappear at about the middle of the thalamus.  The cells of this nucleus
are relatively deeply stained and aggregated. The Nucleus anterior medialis is a
sparse, vague, round cell group which locates medially to the Nucleus anterior
ventralis. This nucleus is sometimes difficult to identify.

The Nucleus lateralis dorsalis is a cell group which appear dorsally to the
Nucleus anterior ventralis when this nucleus is going to disappear at the middle
of the thalamus and later this is replaced by the posterior nuclear group. This
nucleus has congregated cells at the anterior portion but the concentration beco-
me lower at the occipital portion.

Among the nuclei which belong to the medio-median nuclear group, the
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Nucleus paratenialis locates dorsally to the Nucleus anterior medialis but this
nucleus is very difficult to identify. The nucleus reuniens arcuatus locates ventro-
medially to the Nucleus paratenialis. =~ The Nucleus rhomboides is seen in the
Adhaesio interthalamica in the sections of 215mm fetus but this nucleus is not
seen in 182mm fetus. = The Nucleus paramedianus is recognized along the wall
of the Ventriculus tertius. The cells of these nucli are emall but congregated.

As for the medio~dorsal nuclear group, the Nucleus medialis-dorsalis occupies
just about the center of the thalamus. This nucleus connects with the Nucleus
dorsalis ventralis dorsally, medio-median nuclear group medially, lateral nuclear
group laterally and the Nucleus lateralis ventralis ventrally. The sectional area
of this nucleus is relatively large but the cells are small and round in form. The
Nucleus laminaris is a thin cell group in the Lamina medullaris interna and
encircles the Nucleus medialis dorsalis.

The medio-ventral nuclear group is consisted of the Nucleus medialis ven-
tralis and the Nucleus parafascicularis. The former is also called as the Nucleus
centrum medianum and locates in the posterior half of the thalamus. Thé cell
dispersion is thinner than that of the Nucleus medialis dorsalis. The latter
develops medially to the Nucleus medialis ventralis.

The lateral nuclear group is consisted of the Nucleus lateralis ventralis and
the Nucleus ventralis. I included the Nucleus lateralis dorsalis into the dorsal
nuclear group and did not count it into the lateral nuclear group.

The Nucleus lateralis ventralis is a massive nucleus which extends in the
whole length of the thalamus except the pulvinar part. This nucleus locates at the
dorso-lateral part of the thalamus and is consisted of aggregated cells. The
Nucleus ventralis is also a gigantic nucleus which occupies the ventral part of
the lateral nuclear group. The borderline between the Nuclus lateralis ventralis
is not so clear but the dispersion of cells in the ventral nucleus is relatively
thinner and these cells are lined radially. In the ventral nucleus, it is possible
to differentiate anterior, intermediate and posterior portion, and particularly in
the posterior portion the postero-medial part and the postero-lateral part are
recognizable. The postero-medial part is divided precisely again into the medial
part and the lateral part.

The Nucleus reticularis is the nucleus which develops most laterally. The
cells in it have spindle form and are arranged like stream in the nucleus. The dis-
persion of cells are very thin particularly at the ventral part, therefore the
borderline is very vague in this portion.

The Nucleus pulvinaris and the Nucleus limitans form the posterior nuclear
group. The former occupies the most occipital part of the thalamus and forms
so called “pulvinar”’. Nakamura'® divided this nucleus into Pars lateralis, Pars
intermedia, Pdrs media, Pars ventralis and Pars suprageniculata, Dekaban*® into
Nucleus pulvinaris oralis, Nucleus pulvinaris lateralis, Nucleus pulvinaris medidlis
and Nucleus pulvinaris inferior.  However, these parts. are very difficult to id:

7



190

entify. Although there is no description about the mnucleus in Dekaban® or
Toncray’s® reports, the Nucleus limitans is between the Nucleus pulvinaris and the
mid-brain at the ventro-medial border line.

All thalamic nuclei are more clearly differentiated in 215mm fetus and Nissl
granules become very clear. These tendency become prominent with the develo-
pment of the fetus.

When we observe the cells in each nucleus through the every stage of the
development, oval cells are very common in the Nucleus anterior dorsalis and oval,
round and spindle cells are recognized in the Nucleus anterior ventralis.  The
cells in the Nucleus lateralis dorsalis are about same with those of the Nucleus
anterior ventralis but dispersion is very thick. Triangular or oval cells are reco-
gnized in the Nucleus paratenialis, and in the Nucleus medianus there are various
types of cells such as round, oval, spindle or triangular. In the Nucleus medialis
dorsalis, round, oval or spindle cells are aggregated but in the other hand oval
or spindle cells are very sparsely recognized in the Nucleus medialis ventralis.
In the Nucleus parafascicularis, cells are somewhat larger than that of the Nucl-
eus medialis ventralis. The cells in the lateral nuclear group are round, oval,
or spindle but in the reticular nucleus only spindle. The arrangement and form
of cells are same with the former in the Nucleus laminaris but round or spindle
cells are predominant in the posterior nuclear group.

RECONSTRUCTION MODELS

Reconstruction models of the thalamus were made about the fetus of after
54mm length and their forms were observed.

1) Dorsal View

In general, the form of the thalamus is oval and there is no prominent diffe-
rence of view between reconstruction models in different developmental stages
namely the dorsal nuclear group can be seen most prominently at the anterior
half of the thalamus. Medially to this nucleus, the medio-median nuclear group
is seen after 108mm fetus and laterally to the dorsal nuclear group there are the
lateral nuclear group and the Nucleus reticularis. In the posterior half, the
lateral nuclear group and the posterior nuclear group are the most prominent.
The latter occupies about posterior 14 of the thalamus. In the thalamus of 80
and 10lmm length fetus, the medio-dorsal nuclear group locates most medially
instead of the medio-median nuclear group.

2) Lateral View

Generally the form of the thalamus is deformed oval. The reticular nucleus
occupies' the major part of the thalamus. In 54 and 68mm fetus, the reticular
nucleus covers only the lower anterior part of the thalamus but it increases and
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covers about whole anterior half of the thalamus in 80 and ]101lmm fetus, and in
-the fetus of more than ]10lmm length it increases gradually and covers about 2/
3 of the thalamus. At the posterior part of this nucleus we can see the slant
band of the lateral nuclear group and then the pulvinar at the posterior 1/4.

3 ) Frontal View

In earlier developmental stages, namely in the fetus of less than 113mm
length (excepting ]111mm fetus), it is possible to observe the medio-dorsal
nuclear group from the front. In these fetus, the medio-dorsal nuclear group
occupies about the center of the thalamus and is surrounded by the medio-median
nuclear group, dorsal nuclear group and lateral nuclear group. However, in the
fetus after 127mm length (including 11mm fetus), we can not see the medio-
dorsal nuclear group but the medio-median nuclear group, dorsal nuclear group,
lateral nuclear group and reticular nucleus are the nuclear groups which can be
observed from the front.

4 ) Ventral View

The ventral view is about same in all fetus. The medio-ventral nuclear gr-
oup is seen only by this view in front of the posterior nuclear group but the
almost all part is occupied by the reticular nucleus. The slender medio-median
nuclear group is seen at the most medial portion in the fetus of after 108mm le-
ngth. The lateral nucleus is seen in arch form between the medio-madian nuc-
lear group and the reticular nucleus in front of the posterior nuclear group.

5) Medial View

All these seven nuclear groups can be seen in the fetus after 108mm length.
Namely, the medial nuclear group (Mm, Md and Mv) occupies the major portion
of the thalamus, the posterior nuclear group is seen at the portion of posterior
1/4, the dorsal nuclear group and the reticular nucleus are seen at the upper
and the lower margin of the medial nuclear group, and the lateral nuclear group
is seen between the medio-median nuclear group and the reticular nucleus or
between the posterior nuclear group and the medial nuclear group. However, in
80 and 101mm fetus, the medio-median nuclear group can not be observed at
the centre ; and in the fetus less than {.Omm length, there are no differentiation
of these nuclear groups. .

6 ) Occipital View

The thalamus shows deformed square shape but there is nothing particular
to describe except that the posterior nuclear group occupies the major part of
the thalamus. A part of the dorsal nuclear group, medio-median nuclear group,
medio-ventral nuclear group, posterior nuclear group and reticular nucleus are
seen around the posterior nuclear group.

9
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RESULTS OF MEASUREMENT

1. Length, Height, Breadth and rates between these three dimensions.

The upper half of the table Il shows the data of Hematoxylin stained prep-
arations. The length percentage of the thalamus to the hemisphaerium is in
the range of 21.5~31. 0095, the height percentage is in the range of 23.3~41
.02, and the breadth percentage is in the range of 35.2~48.7%.  The lower
half of the table shows the data of Nissl stained preparations. Although there
were no deformation in the formalin fixed brains, there were deformations due
to the contracton of the brain which were caused by alcohol fixation in Nissl
stained preparations and numbers are rather variable. However, the length perc-
entage is in the range of 17~289;, height percentage is in the range of 20~
309, and breadth is in 34~469, and rather stable.

It is very clear from the table that length and breadth of the thalamus and
hemisphaerium increase with the development. The number of length and hei-
ght percentage in the Hematoxylin stained preparations are larger than these of
Niss] stained preparations and this will due to that the embryos or fetus of the
early developmental stage show relatively larger percentage in the Hematoxylin
stained preparations. = There is no remarkable change in the percentage of br-
eadth.

The comparison of these percentage with those of primates and carnivores
reveals that the breadth percentage is smaller in humen fetus than those in
primates or carnivores but there is no prominent difference in the other perce-
ntages.

2. Length-Height Index (Height|Length x 100), Length—Breadth Index

(Breath/Length x 100) and Breadth—Height Index (Height/Breadth x 100)

These indexes are as shown on the table III. In formalin fixed preparations,
these indexes are stable than those of alcohol fixed preparations.

Among these three indexes, the breadth-height index is the largest and
the length-breadth index is the smallest both in the thalamus and the hemispha
erium. There is no increase or decrease of these indexes with the develop-
ment of fetus.

When we compare these indexes with those of primates, the length-breadth
index of both the brain and the thalamus are smaller and breadth-height index of
the thalamus is Jarger in human fetus. Comparison of these indexes with those
of carnivores shows that the length-breadth index is larger in carnivores than in
human fetus and breadth height index is smaller than human fetus. = However,
the order of indexes between these three is exactly same with that of human
fetus both in primates and carnivores.

3. The volume of the thalamus and the cerebrum, and percentages of
the thalamus to the cerebral hemisphaerium

(10)
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The volume of the thalamus and the cerebrum and percentages of the thala-
mus to the hemisphaerium are shown in the figure.

It is very clear that the volume of the thalamus and the hemisphaerium inc-
rease with the growth of fetus. However, the percentage of the thalamus to
the hemisphaerium decreases with the growth and it becomes rather comstant
(about 29;) after 143mm fetus. This means the development of the hemisphaerium,
particularly cortex is worse in the earlier stage as these are seen in sections.

These numbers concerning the volume show no difference between Nissl
stained preparations and Hematoxylin stained preparations.

4. The volume of each nuclear group and its percentage to the whole

volume of the thalamus

The volumes of all nuclear group are shown on the table IV, and percentage
of each nuclear group to the whole volume of the tlalamus is shown on the
table V and in the figure. As it is described before, the thalamic nuclei was
differentiated into seven groups from the study of reconstruction models.

These are dorsal nuclear group (D), medio-median nuclear group (Mm), medio-
dorsal nuclear group (Md), medio—ventral nuclear group (Mv), lateral nuclear group
(L), reticular nucleus (R) and posterior nuclear group (P).

It is quite natural that each nuclear group increases its volume with the
growth of fetus, but further there are few interesting points when we observe
the order of volume of each nuclear group with growth.

If we arrange all fetus in development stage mixing Nissl stained preparations
and Hematoxylin stained preparations and compare the precentage of volume
of each nuclear group, the result becomes as follows:

Crown-Rump

Length Volume order of nuclear groups Staining
80mu fetus L>Md> P > D >Mv> R H
101~ L>Md> P > D >Mv> R H
108 ~ L>Md> D > P >Mv> R >Mm N
111~ L>Md> P > D >Mv> R >Mm H
113~ L>Md> P > D >Mv> R >Mm N
127 L>Md> P >Mv> R > D >Mm H
143 ~ L>Md> P >Mv> R > D >Mm H
169 ~ L>Md> P > R >Mv> D >Mm H
182 ~ L>P >Md>Mv> R > D >Mm N
190 ~ L> P >Md> R >Mv> D >Mm H
205 »~ L> P >Md> R >Mv> D >Mm H
215 « L> P >Md> R >Mv> D >Mm N
216 ~ L> P >Md> R >Mv> D >Mm N
265 L> P >Md>Mv> R > D >Mm N
270 » L> P >Md> R >Mv>Mm>D N
310 (32 weeks) L> P >Md> R >Mv>Mm>D N
300 (35 weeks) L>P >Md> R >Mv>Mm>D N

(1)
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H: Hematoxylin
N: Nissl

The lateral nuclear group is the largest in whole developmental stages and
occupies 32~46% of the thalamus, namely about 2/3 to half of the whole thal-
amus. The medio-dorsal nuclear group or the posterior nuclear group follow the
former.

The dorsal nuclear group shows the most prominent change through the
whole developmental stages. Namely this nuclear group occupies 10 to 1€% in
the earlier stage but this percentage decreases with the development and finally
it becomes the smallest nuclear group in the thalamus. In the other hand, medio-
ventral nuclear group occupies always 6~99, and also the reticular nucleus
occupies about 5~127% but the latter nucleus has very scattered cell distribution.

DISCUSSIONS

The various classifications had been done cocerning the thalamic nuclei by
various authors. These are Niss]”, Turner?, Kuhlenbeck' in old days and Sheps®,
Dekaban®, and Nakamura' recently. The comparison of my classification with
those of recent authors are shown on the table VL.

I classified these 17 nuclei into four main groups as Nakamura®, Morooka™
and Suzuki® did but I tried to divide it more precisely and classified them into
seven groups from the observation of reconstruction models. These are dorsal
nuclear group (D), medio-median nuclear group (Mm), medio-dorsal nuclear group
(Md), medio-ventral nuclear group (Mv), lateral nuclear group (l.), posterior nuc-
lear group (P), and reticular nucleus (R). The dorsal nuclear group includes
Nucleus anterior dorsalis, Nucleus anterior ventralis, Nucleus anterior medialis
and Nucleus lateralis dorsalis. The medio-median nuclear group includes Nucl-
eus paratenialis, Nucleus reuniens arcuatus, Nucleus rhomboides and Nucleus pa-
ramedianus. The medio-dorsal nuclear group is consisted of Nucleus medialis
dorsalis and Nucleus laminaris, and the medio-ventral nuclear group is cons-
isted of Nucleus medialis ventralis and Nucleus parafascicularis. The lateral
nuclear group includes Nucleus lateralis ventralis and Nucleus ventralis, and the
posterior nuclear group is consisted of Nucleus pulvinaris and Nucleus limitans.
The reticular nucleus is the only nucleus which was calculated by itself.

The different points between Nakamura's classification*® are those;

1) Nucleus lateralis dorsalis is included in the dorsal nuclear group as this nuc-
leus is difficult to identify from the Nucleus anterior ventralis in the fetus of early
developmental stage, and 2) Nucleus lateralis ventralis and Nucleus ventralis
are included in one group as these two nuclei are very difficult to differentiate.

(12)
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In this study, the author did not include the Epithalamus, the Hypothalamus
and the ventral thalamus except Nucleus reticularis into the thalamus. The
thalamus was limited only to Herrick's dorsal thalamus® and reticular nucleus.

The primodium of the thalamus is recognized from the 11.6mm fetus (11
weeks). At 25mm fetus, the thalamus is divided into the thalamus dorsalis,
the thalamus ventralis and the Hypothalamus by the appearance of the Sulcus hypo-
thalamicus and the Sulcus diencephalicus medius. The development of the
thalamus dorsalis is particularly prominent, and in 80mm fetus seven groups which
were described above can be recognized. The each nucleus in these group
becomes clear with the development and in 182mm fetus we can differentiate the
all nuclei which are recognized in the adult.

The anterior nuclear group can be differentiated from the 80mm fetus but
chief nuclei in this group can be identifyed in 182mm fetus. The borderline
between the Nuclus anterior ventralis and the Nucleus lateralis dorsalis become
clear from this fetus. Namely the latter appears dorsally to the former nucleus
just like to cover it and grows, but it merges to the Nucleus lateralis ventralis
at the posterior part of the thalamus. In 2]15mm fetus, the borderline between
the Nucleus anterior ventralis and the Nucleus lateralis dorsalis is not so clear
but it become clear again in fetus after 216mm length. Although I counted
the Nucleus lateralis dorsalis into the dorsal nuclear group because of the vague
borderline in the early developmental stage, as Morooka and Suzuki did in pri-
mates and carnivores using myelin sheath stained preparations, it seems more
natural to classify it into the lateral nuclear group as this nucleus seems a part
of the lateral nuclear group.

The nuclei in the medio-median nuclear group are very diffcult to identify

except the Nucleus paratenialis. Particularly the nuclei in the Adhaesio inter-
thalamica were difficult to identify as I studied only the left half of the thalamus
except few cases of earlier stage. The Nucleus paramedianus locates at the

posterior part of the median line but its borderline is vague due to the thin
distribution of cells. Sheps®, Walker'® and Toncray®® described this nucleus as
the Nucleus paraventricularis but there is no description concerning this nucleus
in Lawrence’s report™ about the thalamus of the dolphin. Although Walker®™
in monkey and Toncray™ in human identifyed the Nucleus medialis ventralis (di-
fferent nucleus from my classification) in the medio-dorsal nuclear group, this
nucleus is not so clear as to be recognized as an independent nucleus. The
Nucleus laminaris is called as the Nucleus paracentralis and the Nucleus centralis
lateralis by Walker®”, Sheps®™, Toncray®, Dekaban® and Lawrence® but this nu-
cleus was calculated with the Nucleus medialis dorsalis as the Nucleus laminaris
is surrounding the Nucleus medialis dorsalis like a part of it. The medio—ventral
nuclear group is consisted mainly of so called Nucleus centrum medianum but I
called it as Nucleus medialis ventralis like Nakamura® and Morooka®™ did as it
is locating vantrally to the Nucleus medialis dorsalis.
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There is the Nucleus parafascicularis in this nuclear group but this nucleus
looks as a part of the Nucleus medialis ventralis. :

Also the Nucleus lateralis ventralis and the Nucleus ventralis were measured
together as the lateral nuclear group. In these nuclei, cells are congregated
and are stained lightly in the former but they are stained deeply and arranged
sparsely and radially to the lateral side in the latter. However, these two nuclei
are very difficult to differentiate. Nakamura,*” Walker® and others divided these
nuclei into the lateral nucleus and the ventral nucleus. Although the Nucleus
lateralis ventralis is simple but the Nucleus ventralis is divided into the Nucleus
ventralis anterior, Nucleus ventralis intermedius and Nucleus ventralis posterior
by Nakamura®® and Morooka®. Nakamura divided these part from the obserevation
of sections but Morooka™ described two grooves which are running medio-laterally
at the veniral side of the reconstruction models, namely Sulcus N and Sulcus O
and divided above three parts following to these grooves. However, I could not
recognize the Nucleus ventralis intermedius distinctively. Particularly it was
impossible to differentiate the Nucleus ventralis anterior and the Nucleus ventralis
intermedius. The Nucleus ventralis posterior can be identified easily as it has
well developed postero-medial part and postero-lateral part. The classifications of
the ventral nucleus by Sheps® and Dekaban®™ is somewhat different. They
differentiated this nucleus as Nuclus ventralis anterior, Nucleus ventralis lateralis
and Nucleus ventralis posterior. However, following to the observation of
continuous series of sections, the author think Nakamura’s classification’® is more
suitable.

In this report, the Nucleus reticularis is included into the lateral nuclear
group in broad meaning.

The Nucleus pulvinaris consists of the pulvinar as its name indicates and
Nakamura*? divided this nucleus into five parts, namely Pars lateralis, Pars interm-
edia, Pars medialis, Pars ventralis and Pars suprageniculata. = Dekaban'® divided
it into Nucleus pulvinaris oralis, Nucleus pulvinaris lateralis, Nucleus pulvinaris
medialis and Nucleus pulvinaris inferior but Sheps*’ did not divid it so fine.

These parts are difficult to identify, particularly in the earlier developmental
stage; but in 300mm fetus (35 weeks) it is possible to divide Pars lateralis, Pars
medialis, Pars intermedia and Pars veniralis (or Pars suprageniculata).

The Nucleus limitans is measured with the Nucleus pulvinaris. This nucleus
is difficult to identify in 205mm fetus, 265mm fetus and 310mm fetus (32 weeks).

The volume ratio of the thalamus to the cerebral hemisphaerium is about 29,
after 143mm fetus and stable. This number 2% is lower than 3.59% by Griinthal®
in human, 2.06~3.889, in carnivores by Suzuki and 2.08~2.849, in primates by
Morooka except rhesus monkey (1.81) and crab-eating monkey (2.02) which show
same percentage with human fetus.

As for the length, breadth and height of the thalamus, the ratios of these
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dimentions on the thalamus to the cerebrum are 17~319;, 20~419% and 34~4995
respectively as described above. There is no prominent change in these ratios
with the development. Therefore there is no valuable change in Length-Height
index, Length-Breadth index and Breadth-Height index with the growth of fetus.

Comparing those data with those of primates and carnivores, the length ratio
of the thalamus to the cerebrum has no difference with them but the ratio of
breadth and height are lower than those animals. It can be thought that this
result means the development of the cortex to the parietal or temporal direction
is prominent in human fetus than those animals. The comparison of these data
between primates and carnivores reveals no prominent differences.

As to the indexes of these dimensions, length-height index in human fetus
is about same with those of primates and carnivores but length-breadth index is
smaller than those animals and Breadth-height index is larger than those animals.
In general the development of the thalamic nuclei is proportional after the diff-
drentiation of these nuclei had been completed. However, the lateral nuclear
group, and the Nucleus medialis dorsalis occupies the major part of the thalamus
in human fetus and have important function as association nuclei. In the other
hand, the dorsal nuclear group, particularly the Nucleus anterior ventralis decreases
its percentage with the development. This may possible to think that the Nucleus
anterior ventralis which belongs to the Paleothalamus shows relatively worse de-
velopment comparing with other nuclei.

CONCLUSIONS

By using 24 brains of human fetus in different developmental stages, the
development of the left thalamus were studied from the standpoint of ontogene-
sis utilizing continuous series of sections and measuremental way.  For this
purpose, 40 micron thick continuous celloidin sections of the left cerebra were
prepared concerning the every fetus and these sections were stained with Mayer’s
Hematoxylin or by Nissl’s staining method. These sections were microscopied
and the form of each nucleus were enlarged and drawn on the section papers
and their volumes were measured. Also the reconstructon models were made
to observe the thalamic nuclei as a whole and to study the progress of form with
the development. The follwings are the results thus obtained.

1. The primodium of the thalamus appears on the wall of the Ventriculus
tertius at first already in 11.6mm fetus. This part is divided into the Epithal-
amus, the Thalamus dorsalis, the Thalamus ventralis and the Hypothalamus with
the appearance of the Sulcus diencephalicus dorsalis, medius and ventralis.
These differentiation are completed in 25mm fetus.

2. With the growth of fetus, the differentiation of nuclei in the Tlalamus
dorsalis becomes clear, and in 108mm fetus seven nuclear groups can be recogn-
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ized clearly. These groups are the medio-median nuclear group, medio-dorsal
nuclear group, medio-ventral nuclear group, dorsal nuclear group, lateral nuclear
group and posterior nuclear group, and reticular nucleus from the Thalamus ve-
ntralis The 17 nuclei become distinctive in 182mm fetus.

3. The rate of the volume of the left thalamus to the cerebral hemisphaer-
ium were obtained in each fetus of different developmental stage. This rate
decreases gradually with the development and it shows about 2 percent after 14
3mm fetus (20 weeks). This may indicates that the development of the hemis-
phaerium is not so good before 20 weeks (113mm fetus) but the development of
the hemisphaerium and the thalamus becomes proportional after 20 weeks (113
mm fetns).

4. About the volume between seven nuclear groups, the dorsal nuclear gro-
up decreases its percentage prominently in parallel with the development, but
the posterior nuclear group and the Nucleus reticularis increase their percents
slightly, and there is no change in other nuclear groups. The lateral nuclear
group occupies the largest portion through the whole developmental stage and the
percentage of the medio-median nuclear group is the smallest in these groups un-
til 270mm fetus.

5. Rates of the length, breadth and height of the whole thalamus to the
cerebrum, are 17~319, in length, 20~419; in height and 34~49% in breadth.
There is no big difference in these rates from 534mm to 300mm fetus.

6. The general form of reconstruction models is slightly deformed oval
which has its long axis in fronto-occipital direction, and has the slight promine-
nce of the anterior nucleli at the fronta] end and swelling of the pulvinar in the
occipital portion.

7. The rates of the whole volume of the thalamus to the cerebral hemisp-
haerium in carnivores coincides with the data of 108 mm to 265 mm fetus and
these rates in primates coincide with the data of 113mm to 300mm fetus.  As
for the percentage of each nuclear group in the thalamus, there is no change
in Mm+d, I. and R but Mv of the human fetus is larger than primates and car-
nivores.  The rate of the posterior nuclear group is larger in primates than in
human fetus but this rate in carnivores is generally smaller than in human fetus
and coincides with the data of about four to five months old fetus (80mm to 1
13mm fetus) except dog (20.7) and leopard(26.7).
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ABBREVIATIONS
D: Dorsal nclear group Rh: Nucleus rhomboides
L: Lateral nuclaear group Ld: Nucleus lateralis dorsalis
P: Posterior nuclear group Lv: Nucleus lateralis ventralis
R: Reticular nucleus La: Nucleus laminalis
Mm: Medio-median nuclear group V: Nucleus ventralis
Md: Medio-dorsal nuclear group Md’: Nucleus medialis dorsalis
Myv: Medio-ventral nuclear group Myv’: Nucleus medialis ventralis
Dio: Diocele Pf: Nucleus parafascicularis
Ops: Optic stalk P’: Nucleus pulvinaris
Inf: Infundibulum Cgm: Corpus geniculatum mediale
Foi: Foraman interventriculare Cgl: Corpus geniculatum laterale
Str: Striatum VIII: Ventriculus tertius
Pro: Preoptic region Fo: Fornix
Ep: Ependymal Layer Pal: Globus pallidus
Mp: Mantle Layer Put: Putamen
Sd: Sulcus diencephalicus dorsalis St: Stria terminalis
Sm: Sulcus diencephalicus medius Pm: Nucleus paramedianus:
Dth: Dorsal thalamus Vpl: Nucleus ventralis, pars posterior
Vth: Ventral thalamus lateralis
Zl: Zona limitans intrathalamica Vpmm: Nucleus ventralis, Pars posterior
Av: Nucleus anterior ventralis medialis, medial part
Ad: Nucleus anterior dorsalis Vpml: Nucleus ventralis, Pars posterior
Am: Nucleus anterior medialis medialis, lateral part

Pt: Nucleus paratenialis.
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Fig. 1 Reconstruction Models
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Fig. 2 Sections

11.6mn fetus 25.0mn fetus




Fig. 3 Volume of the cerebrum and the thalamus, and percentage of volume of the thalamus

to the cerebrum (left hemisphaerium) (F)
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Table II Breadth, Height and Length

205

Fetus Breadth Height Length
ke | aue b | % | mee b | % | mee b | %

54nm 2,6mn| 6.1mm| 42.1 4.0mn|  9.8um| 41.0 3.8mm| 12.5mm| 30.8
68 2.6 7.3 35.2 4.6 11.2 39.5 4.5 16.0 28.0
80 3.5 8.8 40.0 5.1 13.0 39.5 5.4 18.6 29.3
10 4.0 9.1 43.9 5.6 19.1 29.3 5.5 25.5 21.6
111 4.3 11.4 38.0 6.2 20.5 30.5 7.0 30.0 23.7
127 5.8 11.8 48.7 5.0 21.3 23.3 7.3 29.0 25.1
143 5.3 11.6 45.5 5.8 24.3 23.7 7.6 33.3 22.8
169 5.1 12.0 42.7 6.2 24.2 25.7 8.1 35.0 23.1
190 6.4 15.5 41.2 8.0 30.1 26.6 10.6 49.3 21.4
205 8.2 21.3 38.4 10.9 36.5 29.8 12.8 54.3 23.6
108 2.8 6.6 42.4 2.6 9.1 28.6 4.9 24.4 20.0
113 4.2 9.8 42.9 3.5 15.5 22.6 5.5 26.6 20.8
182 3.1 7.8 39.7 4.4 18.1 24.3 10.8 50.3 21.5
215 8.0 18.2 44.0 4.4 16.8 26.2 6.9 39.4 17.7
216 3.4 10.0 34.0 7.7 28.1 27.4 7.3 38.9 18.7
265 4.6 11.0 41.3 6.3 21.9 28.8 6.8 37.8 18.0
270 5.2 13.5 38.5 6.1 20.7 29.5 14.0 52.4 26.7
310 (32w) 5.2 12.1 43.0 7.9 32.0 24.7 9.8 45.9 21.3
300 (35w) 7.8 16.8 46.4 6.0 29.5 20.3 12.8 45.9 27.9

upper half: Preparations stained with Mayer’s Hematoxylin
lower half: Preparations stained by Nissl’s method

Table Il Indexes between Length, Height and Breadth

Length-Height Index

Length-Breadth Index

Breadth-Height Index

C_OF Fléiﬁgth Thalamus | Cerebrum | Thalamus | Cerebrum | Thalamus | Cerebrum
54mm 104.2 78.2 66.7 48.7 156.3 160.5
68 103.6 70.0 57.1 45.5 181.3 153.9
80 94.1 69.8 64.7 47.4 144.5 147.3

101 101.4 74.9 72.5 35.7 140.0 209.6
111 88.6 68.8 61.4 38.2 144 .4 180.3
127 68.1 73.5 79.1 40.9 86.1 179.7
143 75.8 73.1 69.5 34.9 109.1 209.7
169 72.2 69.2 63.4 34.2 121.9 202.0
190 75.8 61.0 50.6 31.5 125.0 193.8
205 85.0 67.2 63.8 39.2 133.3 171.4
108 53.3 37.4 57.4 27.1 92.9 137.9
113 63.4 58.3 76.1 36.8 83.3 158.2
182 40.7 36.0 36.1 15.5 141.9 232.1
215 63.2 42,6 115.9 46.2 55.0 92.3
216 105.8 72.3 46.7 2).7 226.5 281.0
265 91.7 57.9 67.6 29.1 137.0 199.1
270 43.6 39.5 37.1 25.7 117.3 153.3
310 (32w) 80.9 69.7 53.3 26.4 151.9 264.5
300 (35w) 46.9 64.2 60.9 36.6 76.9 175.6

upper half: Preparations stained with Mayer’s Hematoxylin
lower half: Preparations stained by Nissl's method
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Table [V Volume of each nuclear group

n®
C—R Length D Mm | Md | Mv L R P Total
54mm | 16.6
68 2 _ 20.0
80 - 3.8 6.9 2.6 12.5 2.4 4.5 32.9
101 5.0 12.0 3.1 25.0 3.3 7.2 55.3
111 5.1 2.2 13.1 5.0 36.1 3.6 12.3 "7.4
127 2.4 2.3 17.0 6.5 37.4 5.8 10.1 81.5
143 2.2 2.0 18.3 5.2 33.3 5.1 14.2 80.3
169 2.2 2.1 14.5 5.6 35.6 10.1 14.2 84.3
190 8.1 3.7 30.0 12.1 76.7 12.3 34.4 177.3
205 12.7 7.9 71.7 27.2 161.8 34.9 96.7 412.9
108 6.0 1.7 8.4 2.2 11.7 2.1 4.7 36.8
113 8.0 2.6 17.3 7.4 28.1 5.0 8.7 77.1
182 5.2 2.6 25.4 14.2 60.1 9.1 33.8 150.4
215 9.8 8.2 44.5 17.4 87.8 16.1 50.8 234.6
216 10.1 7.0 46.0 10.5 91.8 15.7 66.2 247.3
265 11.2 6.5 52.4 17.1 115.7 16.8 53.0 272.7
270 14.1 18.7 41.4 22.9 147.6 33.0 110.1 387.8
310 (32w) 11.1 12.3 63.5 28.3 161.6 29.2 85.65 391.6
370 (35w) 13.3 21.8 79.1 25.8 193.6 26.9 90.6 451.1
upper half: Preparations stained with Mayer’s Hematoxylin
lower half: Preparations stained by Nissl’s method
Table V Percentage of volume in each nuclear group %
C—R Length D | Mm | Md | Mv L R P
54mnm
68
80 11.72 20.97 8.03 38.16 7.30 13.79
101 8.98 21.66 5.56 45.35 5.47 12.97
T11 6.62 2.89 16.95 6.43 46.63 4.64 15.85
127 2.81 2.79 20.91 7.98 45.94 7.16 12.42
143 2.79 2.43 22.79 6.46 41.43 6.38 17.70
169 2.62 2.53 17.16 6.67 42,17 12.02 16.83
190 4.58 2.09 16.90 6.82 43.24 6.95 19.41
205 3.07 1.91 17.36 6.58 39.19 8.45 23.42
108 16.23 4.69 22.71 6.04 31.73 5.77 12.82
113 10.41 3.36 22.43 9.57 36.45 6.50 11.28
182 3.44 1.76 16.87 9.46 39.96 6.08 22.49
215 4.12 3.44 18.74 7.31 36.96 8.03 21.41
216 4.08 2.82 18.61 4.25 37.12 6.35 26.78
265 4.10 2.38 19.21 6.26 42.45 6.16 19.43
270 3.63 4,82 10.67 5.91 38.07 8.51 28.39
310(32W) 12.82 3.14 16.23 7.23 41.27 7.46 21.85
300(35W) 2.98 4.88 16.62 5.78 43.41 6.03 20.30

upper half: Preparatins stained with Mayer’s HematoXylin

lower half. Preparations stained by Nissl’s method
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Mm
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‘Table VI

1960

anterior dorsalis
Lnteriot ventralis
anterior medialis
lateralis dorsalis

paratenialis

reuniens arcuatus
rhomboides

\ paramedianus

medialis dorgalis
laminaris

medialis ventralis
parafascicularis

(lat, dorsalis)
lat. ventralis ‘

ventralis
- anterior

. intermed.
post. med.

lat. part
lat,

reticularis

- | pulvinaris

limitans

[:med. part

Nakamura 1949

)
g
e
8

b1
@
=

medial n. g.

ot
5
pe]
L]

vent. n. g.

i
£

H

anterior dorsalis
ant. ventralis
ant. medialis

\ paratenialis

reuniens arcuatus
rhomboides
paramedianjus

medialis dorsalis
laminaris

med. ventralis

parafascicularis

lateralis dorsalis
lat. ventralis
ventralis
ant. med.
ant. lat.
intermed.
post. med.
med. part
[lat. part
lat.

reticularis

f pulvinar
{ limitans

Dekaban

w0
g
o
<
o

medial n. g.

ventro-lateral n. g.

1953

ant. dorsalis
ant. ventralis
ant. medialis

paratenialis

Nuclei of

Massa intermedia
paraventricularis
midline nuclei

medialis dorsalis

paracentralis
centralis lateralis
centrum medianum

parafascicularis

lat. dorsalis.
fat. posterior

vent. .anterior
vent. lateralis
vent.. p. medialis
parvocellularis
vent. p. medialis
mediocellularis._
vent. p. lateralis
vent. p. inferior

reticularis

pulvinaris

(25)

Sheps

n g

ant.

median. n. g

medial. n. g.

lateral. n. g.

t

COMPARISON OF CLASSIFIGATIONS-

1945

anterodorsalis
anteroventralis
anteromedialis
interanterodorsalis

paratenialis
centralis medialis

reuniens
rhomboidalis
paraventricularis
Griseum
paraventriculare

dorsomedialis
paracentralis
centralis lateralis
centrum medianum

parafascicularis

lat. dorsalis
lat. posterior

vent. anterior
vent. lateralis

vent. p. medialis
vent. p. intermed.

vent. p. lateralis

reticularis

pulvinar
limitans

Toncray

ant. group

midline nuclei

medial group

lateral n. group

20

1946

ant, dorsalis
ant. ventralis

ant. medialis !

paratenialis
centralis medialis

reuniens
rhomboidalis
paraventricularis

medialis dorsalis
(med. ventralis)
paracentralis
centralis lateralis
centrum medianum

parafascicularis

lat dorsalis
lat. posterior
vent. anterior

vent. lateralis

7

<t

vent.

vent. ntermedius

vent. posterolat.
vent. posterinf.
vent. ventralis

reticularis

pulvinaris

posteromedialis



