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INTRODUCTION
Hassler's classification of thalamic nuclei adopted in Stereotactic Atlas of
the Human Brain by Schaltenbrand and Bailey (1959) continues to dominate
in clinical practice and publications (Lenz et al., 1995; Hamani et al, 2006).
This does not mean that Hassler's delineations are free of errors. Several
revisions of his nuclear delineations and nomenclature have been proposed
and many of its inaccuracies and inconsistencies have been brought to light.
(see discussion of these issues in Macchi and Jones, 1977; Krack et al.,
2002). Although these alternative classifications (Hirai and Jones, 1989;
Percheron 1996; Morel, 1997) provided some foundation for rectifying some
deficiencies of Hassler's parcellations and nomenclature, they failed to be
widely accepted. The main reason for the latter was that the proposed
modifications were not supported by continuos series of cytoarchitectonic
maps demonstrating the new parcelations. The absence of these hinders
accurate comparisons with Hassler's subdivisions hence creating difficulty in
neurosurgical applications.
In our view , construction of a continuous series of cytoarchitectonic
plates that clearly illustrate modified outlines has a potential to clear the
confusion and accelerate the progress in construction of the modern
stereotactic atlas of the human thalamus in 3D coupled with MRI imaging.
Such plates in addition to allowing comparisons with the cytoarchitecture
and delineations in the Hassler's maps will also facilitate the accurate
extrapolation of the data from neuroanatomical tracing studies in nonhuman
primates regarding the distribution patterns of major subcortical afferents to
the thalamus.
It is well known that cytoar chitectonic delineations of the so-called
motor related thalamic nuclei are the most challenging for investigators
as the borders between them often appear indistinct. In such cases the
results of experimental tracing studies in nonhuman primates are especially
beneficial in confirming the accuracy of delineations in humans in view that
the major subcortical afferent territories have been shown to be restricted to
distinct cytoarchitectonic entities (Ilinsky et al., 1985; Ilinsky and KultasIlinsky, 1987, 2002).
W e have found this combination (cytoarchitecture and the results of
tracing studies) more helpful than staining patterns of some immunocytochemical markers. The latter, being selective, often obscure cytoarchitecural
patterns so that it's difficult to correlate the two. Moreover, immunocytochemical procedures cause significant tissue distortions, which make
comparisons between different markers as well as those and Nissl-stained
sections inaccurate. This said, we should acknowledge that in some
instances the immunocytochemical staining patterns are useful in providing
additional clues that can be overlooked in the analysis of the cytoarchitecture. This is especially true in cases when dealing with small size nuclei.
Examples of the latter are also shown in Figure 7 of this poster.
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Fig. 4 Higher power photomicrographs illustrating the features of the neurons and their distribution
patterns in the major subdivisions of the motor thalamus:
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VAp (pallidal afferent territory) consists of small to medium size multipolar neurons arranged in small, relatively
dense clusters; VAn (nigral afferent territory) is characterized by larger, darker staining, and farther spread neurons
compared to the pallidal territory; VL (cerebellar afferent territory) is distinguished by sparsely arranged large neurons
and conspicuous very small neurons (arrowheads). Scale - 50mm.
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Fig. 1 Two sagittal sections through the human thalamus at the middle level of the subtalamic
nucleus (STN).
A. Nissl-stained sagittal section at 10.3mm from the midline from one of our section series.
B. Myelin-stained section from Schaltenbrand and Warren atlas at 10.5 mm from the midline. In the guide to
that atlas it is stated that the nuclear outlines were transferred to these plates by Hassler from corresponding
Nissl-stained photomicrographs.
In A the outlines of two major subdivisions of the human motor thalamus: VA - basal ganglia (pallidal and
nigral) afferent territory and VL - cerebellar afferent territory are based on the analysis of the cytoarchitecture
and comparison it with that of the Rhesus monkey thalamus with the following extrapolation of the topography
of the pallidal and cerebellar afferent projection zones from monkeys to the human.
In B the area of the human motor thalamus as outlined by Hassler includes ventrally located nuclei from
anterior (right) to posterior (left): Lpo, Voa, Vop, and Vim. Nuclei dorsal to this territory are designated as Zim,
Dimi, Zo and Doi. However, an analysis of the cytoarchitecture in our material as well as in Hassler's Nisslstained plates (Vol. C in Schaltenbrand and Bailey, 1959) did not provide clues for distinguishing between the
dorsal and ventral compartments.

Figs. 5A, B and C Three sample plates from one of the continuous
series of sagittal sections of the human thalamus from our material at
three different medio-lateral levels (distances shown in the lower right
corner). The major nuclei have been outlined based on their
cytoarchitecture (see Fig. 4 for details), labeled, and the coordinate
system (in mm) has been superimposed on them.
VA is subdivided into two distinct parts. Its most medial part is the
territory of nigrothalamic afferents, which, for the time being, we
called VA(n). More extensive territory of the pallidal afferents VA(p)
extends farther laterally and posteriorly, medially only a small portion
of the pallidal territory is present (A).
Also note the dorsoventral extent of the VL and VA in the thalamus.
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Fig. 2 An example from tracing studies with

Table. Comparison of proposed classification of human motor-related
thalamic nuclei with classifications of Hassler and that for Rhesus monkey
derived from distribution patterns of major subcortical afferents.

autoradiographic labeling following pallidal,
nigral and cerebellar injections of radioactive
isotopes in the rhesus monkey (Ilinsky et al.,
1985; Ilinsky and Kultas-Ilinsky, 1987).
Upper row: photomicrographs showing injection sites
of an isotope in the globus pallidus (left) and dentate
nucleus of the cerebellum (right).
Lower two rows: dark field photomicrographs
illustrating terminal fields after above shown injections
at two medio-lateral levels. Note the complementary
topography of the two projection fields.
Cytoarchitecturally the two projection zones are
confined to subdivisions of the VA and VL, respectively.
Moreover, if followed in serial sagittal sections, one can
see that they occupy a large proportion of the thalamus
along the medio-lateral axis and extend also to its
dorsalmost aspect.
When relating these data to the human it seems logical to
assume that the actual motor-related area of the human
thalamus also includes Hassler's dorsal subdivisions
Zim, Dim, Zo, and Doi. Since the functional peculiarities
of these dorsal nuclei remain unknown there is no
justification, based on the current knowledge, to make
distinction between them and their ventral counterparts.
If we limited the human motor thalamus only to
Hassler's ventral subdivisions (Lpo, Voa, Vop, and Vim)
then the overall size of the combined basal ganglia and
cerebellar afferent territory in the human thalamus
would be proportionally at least twice smaller than that
in the Rhesus monkey. Obviously such situation is highly
unlikey.
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MATERIAL and METHODS
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CONCLUSIONS

Material: Postmortem human brain specimens used in this study were obtained from the The University of
Iowa Department of Anatomy Deeded Body Program (4 specimens) and Department of Pathology at BichatClayde Bernard hospital (1 specimen).
Histological tissue processing: The brains from Iowa were perfused with 0.1M phosphate buffer (PB)
followed with 4% paraformaldehyde in the same buffer. Specimens for histology were postfixed in fresh
fixative for a period of one to two years. Before sectioning they were soaked in 10% sucrose in PB for 24
hours. Sagittal sections, 50 mm thick, cut on a freezing microtome, were collected with their sequence
maintained. The entire series was stained with thionin, and used for analysis of the cyto-architecture.
The choice of sagittal section plane is preferable on several accounts:
(i) it is easier to maintain a consistent angle when sectioning in sagittal plane as compared to coronal and
horizontal. This allows more accurate comparisons of different brains;
(ii) projection zones of subcortical af ferent systems of interest are positioned in the antero-posterior
sequence and therefore their topographical relationships are easier appreciated in this plane;
(iii) fiducial marks establishing the positions of anterior and posterior commissures and their projections
through the entire tissue block are easier to follow in the sagittal plane, which makes positioning of the
coordinate system based on these landmarks much more accurate and easier;
(iv) the total number of sagittal sections in a series is less than that of coronals.
All the above features make sagittal section series the best choice for 3D reconstruction and consequent
creation of coronal and horizontal maps of the same brain.
Immunocytochemical processing: Tissue blocks were sectioned either on freezing microtome or in cryostat.
Five to six consecutive sections were processed for immunocytochemistry, one for each marker, with the last
section in the group stained for Nissl. The procedure was repeated with consecutive groups through the entire
series of sections. The markers analyzed were: Glutamic acid decarboxylase (GAD65), calcium binding
protein (CaBP), parvalbumine (PA) and neurofilament proteins (SMI32 and SMI31). Immunocytochemical
processing was done according to the protocol described earlier (Kultas-Ilinsky et al., 2003).
Image analysis: All sections in Nissl-stained series were scanned at 4200 dpi. Resulting digital images were
aligned using Adobe Photoshop software. To reduce the number of images in further processing and to bring
out better the major nuclear groups, images of five adjacent sections were merged. The resultant images
formed a shorter series of 250 mm thick "sections". The nuclear outlines were determined on an enlarged
image of one representative section from each group of five, verified under the light microscope, drawn in
Adobe Illustrator, and superimposed on corresponding merged images.

RESULTS

Figs. 1 - 3 illustrate some aspects of the strategy applied in this project
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Figs. 6 GAD65 immunostaining in sections at different levels of
the human thalamus.
The entire VA (roughly outlined with dots) is distinguished by
GAD65 immunostaining pattern, which makes it different from the
VL, and thus helps to confirm the boundaries. The pattern
difference is due to the different origin of predominant GABAergic
structures in each region. As shown in the monkey, the VA staining
is for the most part confined to nigro- and pallido-thalamic fibers
and their terminal plexuses, both of which are made of very large
size synaptic boutons. Finding this unique GAD staining pattern
in the human VA serves as an additional confirmation that this
is the basal ganglia afferent territory.
In VL, GAD65 antibody labels local circuit neurons (LCN),
i.e., the small neurons seen in groups in Nissl-stained preparations
(Fig.4), and the plexuses made by their processes and synaptic
terminals. The latter are of much finer caliber than those of basal
ganglia projections resulting in less intense neuropil staining of VL

Fig. 7 A, B, C CaBP is a good marker to bring out the outlines of
the nuclei in the intralaminar group. Specifically, negative staining
of CM (A, B) makes its boundary very distinct whereas very strong
immunoreactivity brings out the small intralaminar cell groups that
surround MD at the medial levels. In addition to distinguishing these
nuclei it also helps to appreciate MD boundaries.
Another, region highlighted by CaBP immunoreactivity is the
medialmost part of the VPM (see asterisk in A). In Nissl-stained
sections at this level VPM is quite inconspicuous (see outline under
15mm mark in Fig. 5A) and can easily be overlooked. However,
positive CaBP immunoreactivity allows to recognize it.
Finally, this marker also helps in determiming the VA and VL
border at some levels.

Fig. 8 The ventral part of VL, is distinquished - by large size neurons that stain

Fig. 3 Comparison of topographic relationships of subcortical afferent zones in the Rhesus monkey and human.
Left – a horizontal map at 2 mm above the intercommissural line from Stereotactic Atlas of the Macaca mulatta
Thalamus and Adjacent Basal Ganglia St ructures (Ilinsky and Kultas-Ilinsky, 2002). Pallidal projection zone is
colored in blue (VA), nigral in burgundy (VAmc), and cerebellar in yellow (VL).
Right – a map of a similar horizontal level of the human thalamus from the atlas by Schaltenbrand and Warren
(1977). Extrapolated nigral, pallidal and cerebellar projection zones are highlighted with the same colors as in
the monkey.
Note: Disregarding the differences in size and configuration between the thalami of the two species, it is
obvious that the topographical relationships of the basal ganglia and cerebellar afferent territories are practically
identical.
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darker with some immunocytochemical markers, specifically with SMI31 antibody
(asterisk). This region includes but is not limited to Hassler's Vim. Distinguishing
this part of VL is important as it has been preferred target for stereotactic operations
in treatment of movement disorders.
In Hassler's maps Vim extends from about 7.5 to 20 mm from the midline,
which is comparable to that of the area highlighted by intense SMI31
immunoreactivity in our maps. However, the antero-posterior extent of Hassler's Vim
is shorter than the SMI31 intense region in VL as the latter extends farther to include
also the major part of Hassler's Vop.
It should be kept in mind, that the same antibody labels neurons throughout the
entire VL including its dorsal parts. The ventral part stands out only due to more
intense staining of the large neurons and their somewhat more compact distribution
compared to that in the dorsal part.

Obviously the proposed classification (see the Table) simplifies the
nomenclature to the limit. We consider this the first step, which can be
followed with further parcellations based on more specific criteria when
available.
Within VA, cytoarchitectural features allow further parcelation. In case of
VL, it is more complicated. It is clear though that VL, as outlined here,
corresponds to the so-called cell sparse zone, which in subhuman primates
coincides with the territory of cerebellar afferents. It is also clear that
Hassler's nuclei listed as components of VL in the Table display similar
cytoarchitecture whereas their individual distinctions are not evident. As to
Vim, it seems to be the part of VL that receives overlapping cerebellar and
spinothalamic input as suggested by physiological recordings during
stereotactic operations (Lenz et al., 1995). The current task is to define the
topography of this region within VL, i.e., its anteroposterior and
mediolateral extent. In the future, when information becomes available,
additional subdivisions within VL may be identified based on the specifics
of their cortical connections

