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ABSTRACT

The aim of this study is to develop a complete stereotactic brain atlas of the
Japanese, using the novel histological technique and digital imaging technique. A
whole surere traced and re-constructed into 3D model. The morphological accuracy of
the 3D model from histological sections of human hemisphere was validated by the
smooth suface of the Japanese brain was scanned by a 3D-digitizer before cutting the
hemisphere into small blocks or slicing into histological sections. After the histological
sections were scanned and converted into digital data, the contours of the neural
structures wrface of the complicated cortical gyration and complete stereological
matching to the reference 3D model from range images of the original hemispheric
shape. Our method achieved the successful use of formalin-fixed brain specimen of the
Japanese with preservation of 3D-consistency and the high quality of histological
images suitable for the observation of area-specific cytoarchitecture of entire human
brain.
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INTRODUCTION

In spite of the recent explosive increase in deep brain stimulation surgery, there
have been only a few classical human brain atlases that can be applied to neurosurgical
planning software (Schaltenbrand et al., 1977), (Talairach et al., 1988). To register the
atlas to the individual brain, Talairach’s proportional grid system has been applied to
the electronic version of brain atlas (Nowinski et al., 1997). However, because the
sagittal, frontal, and horizontal microscopic series were obtained from three different
cerebral hemispheres of two individuals, the loci with the same ACPC (anterior and
posterior commissures) coordinates does not show exact anatomical correspondence
and the horizontal sections are 7° oblique to the actual ACPC plane (Niemann et al.,
1994), (Niemann et al., 1999). To date, several atlases including histological sections
are developed for thalamus (Morel et al., 1997), brainstem (Niemann et al., 1999) and
whole hemisphere (Mai et al.,, 1997). The development of stereotactic atlases of a
human brain requires a still time-consuming work and requires special instruments,
environments, skills and human power. The creation of stereotactic human brain atlas
using donated brains in formalin and novel methods in histological and digital imaging
techniques has been started in Kyushu University since April 2007. The toughest
problem has been how to preserve spatial consistency, morphological accuracy and
histological quality, at once, of such a large and soft organ as human brain.

METHODS

The cadaver brain was taken from the cranium of an 89-years-old male Japanese,
which was donated to the Faculty of Medicine, Kyushu University by the donation
scheme of cadavers. The body was perfused with 10% formalin through femoral artery
within 3 hours after death and further immersed in alcohol before its use in the gross
anatomy practical course for medical students in Kyushu University. After the
immersion for one year, the brain was carefully extracted and used in the practical
course of anatomical education and stored in 10% formalin. The specimen was handled
in full consent to his family.

The whole surface of hemisphere was digitally scanned by a 3D-digitizer
(VIVID910, Konica Minolta Inc. Japan) from different views in three stages; namely
the whole brain, hemisphere and tissue blocks (Fig.1). The 3D-digitizer consists of a
digital camera and a laser-slit projector. The sensor projects the laser onto an object
putting in front of the sensor and the laser reflected from the object surface is acquired
by the digital camera. Then, the 3D positions of the points on the projected laser are
calculated by use of the relationship between the projection angle of the laser and the
positions of the points on the image. Moving the laser, the 3D-digitizer measures the
surface shape of the object. The multiple range images acquired from different views
were registered to convert them into a unified coordinate system. The iterative closest
point (ICP) algorithm was used to find the relationship between two different
coordinates. To produce a seamless and non-redundant model, the images were
integrated by using the method described elsewhere (Morooka et al., 2006), (Morooka
et al., 2008). Multiple histological images were reconstructed and validated by the
surface model of the original block and multiple tissue blocks were reconstructed and
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validated by the original surface model of the left hemisphere.

“@n, Surface scan Surface model -

—_—

g q

Manual tracing x 3D-reconstruction :

Fig.1 Outline of constructing human histological brain atlas.

After the first scanning, the whole brain was separated into hemispheres at the
midline. The surface of the left hemisphere was scanned again by a 3D-digitizer, the
hemisphere was embedded in agar and the ventricles were also filled with agar and
fixed in order to minimize the mechanical deformation during brain cutting. The
hemisphere with agar was further cut into 1 cm-thick parallel blocks. After removing
the surrounding agar, the surface of each block (<50x50x10mm) was further scanned
by a 3D-digitizer. The blocks were made as small as it can be mounted on the tissue
holder (70x70mm) of blade-oscillation microslicer (DTK-3000W, Dosaka-EM, Japan).

The brain blocks were put in warm gelatin solution and placed in the vacuum to
remove air bubbles remaining in the deep cerebral sulci. After the gelatin was fixed in
room temperature, the entire blocks with solid gelatin were post-fixed in formaldehyde
overnight in order to stabilize the gelatin frame. Four parallel registration lines were
made in the gelatin frame by penetrating vertically with a black ink-filled needle and
stereotactic manipulator. The blocks were further sliced into serial 100 pm-thick
sections with a microslicer and stained with Nissl-Before Nissl- and myelin-staining.

The histological sections were scanned and converted into bitmap format. After
co-registering the four fiducial markers in gelatin frame of section image of slices
within a block, the surface contours, ventricles and subcortical neural structures in the
images were manually traced using 3D neuron reconstruction software, Neurolucida™
(MicroBright Field, Inc., Fig.2).

RESULT

The mean 3D resolution of the range image was 0.456 mm. The mean registration
error distance was 0.157 mm. The 3D resolution of a MR image was 1.12 mm when
the spatial resolution of the image was 0.5 mm with a slice thickness of 1 mm;
therefore, the accuracy of our model was considered to be much better than those of
model constructed by MR images. The average resolution of all the images was
0.55mm. Finally, the coefficients of variation in distances between fiducial markers
were less than 0.01; therefore, the mechanical stress and deformation associated with
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microslicing was ruled out.

>

Fig.2 Manual tracing of histological section.

Histological sections included in this partially reconstructed brain atlas provided
the excellent preservation of histological features and area-specific cytoarchitecture of
cerebral cortex; Brodmann area 32 was discriminated by the presence of large
pyramidal neurons (arrows) in deep layer III in cadaver brain (Fig.3).

Pyramidal cells Spiny stellate cells

Fig.3 Cytoarchitecture in the histological brain atlas.

DISCUSSION

A S-W brain atlas (Schaltenbrand et al., 1977) combined with Tarailach’s
proportional grid in the stereotactic planning software (SurgiPlan™ and FrameLink™")
is the most popularly available atlas for neurosurgeons. However, there has been
always one simple question in Japan; is the atlas suitable for all human brains beyond
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races? East Asian has wider and more spherically shaped skull than Whites and Blacks
in U.S. Army data (Rushton 2003). In addition, brain is abundant in morphological
variation, such as interindividual variation (age, gender, disease, etc.) and
intraindividual variation (asymmetry). Therefore, a simple scaling along three
orthogonal axes is not enough to deform S-W atlas to correspond to individual brain
image. To represent the averaged brain shape, it is important to get morphological data
from multiple brain models but the classical method to construct human brain atlas
requires a considerable time for dehydration procedures lasting weeks to months for
large blocks, and also requires special instruments, environments, skills and human
power.

The resolution of range images was almost equal or superior to that of the medical
images acquired by the latest MR and CT imaging. The quality of the extracted model
depends strongly on threshold setting and accuracy in extracting the organ from the
images. On the other hand, our surface model includes no data of subcortical structures
such as thalamus, putamen and red nucleus, which MR imaging can clearly visualize.
Therefore, the surface data should be used only to validate an accuracy of
co-registration of histological slices and blocks or reconstructed 3D models in our
method.

So far, the most of histological sections of human brain had been made by slicing
frozen blocks with a large microtome (Schaltenbrand et al., 1977), (Mai et al., 1997),
(Yelnik et al., 2007) and a few used a formalin-fixation (Morel et al., 1997),
(Chakravarty et al., 2006). Deformation is a major problem to be overcome in
constructing stereotactic brain atlas at various stages from human hemisphere
(macroscopic) to histological section (microscopic). Fresh human brain immediately
extracted after death is soft enough to be easily deformed by gravity and freezing
human hemisphere is not appropriate to preserve a histological quality, such as
cytoarchitecture. In our method, the brain was taken from the cranium of cadaver after
a long-term formalin fixation in situ; therefore, almost no deformation was considered
during brain extraction. Brain cutting after embedding brain in agar and slicing brain
blocks with microslicer after embedding in gelatin successfully preserved both the
macroscopic and microscopic qualities of histology. Using this method, the stereotactic
human brain atlas is now under construction using a Japanese brain. This atlas will
achieve 3D consistency, however, it consists of one hemisphere of Japanese male.

CONCLUSION

We have applied a digital graphic technique and blade-oscillation microslicer to
the construction of stereotactic histological brain atlas of human. Our method achieved
the spatial consistency and the successful preservation of cytoarchitecture from whole
brain to a microscopic level. The stereotactic brain atlas for the Japanese is now being
constructed in this method.
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