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Segmentation of Cerebral Gyri in the Sectioned Images by
Referring to Volume Model
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Authors had prepared the high-quality sectioned images of a cadaver head. For the
delineation of each cerebral gyrus, three-dimensional model of the same brain was
required. The purpose of this study was to develop the segmentation protocol of cerebral
gyri by referring to the three-dimensional model on the personal computer. From the 114
sectioned images (intervals, 1 mm), a cerebral hemisphere was outlined. On MRlcro
software, sectioned images including only the cerebral hemisphere were volume
reconstructed. The volume model was rotated to capture the lateral, medial, superior, and
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inferior views of the cerebral hemisphere. On these four views, areas of 33 cerebral gyri
were painted with colors. Derived from the painted views, the cerebral gyri in sectioned
images were identified and outlined on the Photoshop to prepare segmented images. The

segmented images were used for production of volume and surface models of the selected
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INTRODUCTION

Perhaps more than tens of thousands magnetic resonance im-
ages (MRIs) of brain are being examined and interpreted daily
in all parts of the world. Usually in the axial MRIs, neurologists,
neurosurgeons, and neuroradiologists are responsible for iden-
tifying each cerebral lobe and gyrus for localization of diseases.
The lateral sulcus, central sulcus, and some other primary sulci
together with neighboring structures are used for the landmarks
oflocalization (1, 2). To get more orientation, the axial MRIs are
supplemented with the coronal and sagittal images of the same
brain. However, the stereoscopic shape of the convoluted gyri,
that are not entirely surrounded by sulci, cannot be readily fig-
ured out in the sectional planes. Moreover, individual variations
of the gyri make it difficult even to experienced medical experts.
Only three-dimensional (3D) model of the same cerebral hemi-
sphere enables final confirmation of the gyri. Fortunately, the
3D volume model is built automatically from the brain MRIs
and rotated at free angles on the workstation, included in the
MRI scanner.

We made sectioned images of a cadaver head. The sectioned
images had extremely small intervals and pixel size (both 0.1
mm) with real human brain color (48 bit color). So the images,
the source of state-of-the-art 3D models, were expected to con-
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gyri. The segmentation method developed in this research is expected to be applied to
other types of images, such as MRIs. Our results of the sectioned and segmented images of
the cadaver brain, acquired in the present study, are hopefully utilized for medical learning
tools of neuroanatomy.
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tribute to the neuroanatomy teaching, neurosurgical simula-
tion, and so on. Additionally, basic brain structures were out-
lined in advance, involving cerebrum, cerebellum, brainstem,
etc. (3). Our next goal was to segment the cerebral gyri for func-
tional approach to the cerebrum. Like the MRIs, the 3D model
of sectional images was necessary for the full detection of the
gyri. But unlike the MRIs, sectioned images could not be vol-
ume-reconstructed automatically. So as to build the 3D volume
model on the personal computer, we considered to use easily
available software, MRIcro (www.mricro.com, version 1.4) (3,
4). The aim of this study is to establish and share the segmenta-
tion method of cerebral gyri by referring to the 3D model of same
subject on the personal computer.

MATERIALS AND METHODS

The sectioned images were made of a cadaver head. We select-
ed a Korean male cadaver who was 67-yr-old, 1,620 mm height,
and 45 kg weight. Although he suffered from myasthenia gravis,
his head structures with brain were normal. The cadaver head
was serially sectioned at 0.1 mm intervals using precise cry-
omacrotome and the photographed using high quality Canon
EOS 5D digital camera to create sectioned images (pixel size, 0.1
mm; color depth, 48 bits color; file format, tag image file format
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[TIFF] files) (3).

Sectioned images containing only cerebrum were prepared
by the previous segmented images. The original number of the
sectioned images (TIFF) of head was 2,341 (intervals, 0.1 mm).
Segmentation was performed at 1 mm interval to produce 234
segmented images (file format, photoshop document [PSD]
files) (3). Among 234 couples of corresponding sectioned and
segmented images, we excluded images above or below the
cerebrum, so that 114 couples remained. In the images (resolu-
tion, 4,368x2,912), excessive margins beyond the cerebrum
were cropped to make resolution 2,071x2,064 (Fig. 1A). Using
the segmented images of the cerebrum (Fig. 1B), the sectioned
images showing just the cerebrum were obtained on Adobe
Photoshop CS3 version (Photoshop) (Fig. 1C).

The sectioned images of the cerebrum were processed on
Photoshop for the next step of volume reconstruction. The col-
or depth of the images was decreased from 48 bit color to 8 bit
gray in order to adapt to MRIcro software. For the same reason,
the resolution (2,071x2,064) of the sectioned images (pixel size,
0.1 mm) was reduced to 207x206, which resulted in pixel size of
1 mm, which was identical to the images intervals of 1 mm. All
sectioned images of the cerebrum were simultaneously split
along the longitudinal cerebral fissure. Consequently, two sets
of sectioned images were produced: a set containing the left ce-
rebral hemisphere (resolution, 103x206) and another set con-
taining the right one (resolution, 104x206). The sectioned im-
ages of the left hemisphere were printed out on paper for draw-
ing gyri later (Fig. 2E).

The volume model of the cerebral hemisphere was built on
MRIcro: Sectioned images were opened by using ‘Conversion

100 100
Sup 6“&1 e
wedil middle rntal e
Leantal
yirw I'hF‘_ {'th\h,i girws
(o?ew.a\w part)
Fre,centnl g
unau'.dt
?ntuunbm] firus
gupramarginal gine
pre

"Mi' ?Rﬁe.h( lo‘n\lt G

DOI: 10.3346/jkms.2010.25.12.1710

Fig. 1. Sectioned and segmented images generated in sequence. In the original sec-
tioned images of head (A row), only cerebrum is segmented (B row) to acquire the
sectioned images of the cerebrum (C row). Each gyrus of the cerebrum is then seg-
mented (D row).

Fig. 2. Gyri segmentation referring to the volume model of the cerebrum. Lateral
(A), medial (B), superior (C), and inferior (D) views of the volume model of the
left cerebral hemisphere, on which entire cerebral gyri are painted with different
colors; printed paper of a sectioned image, on which the cerebral gyri are deli-

G neated and annotated by pen (E) to elaborate segmented image of the gyri (F).
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wizard: convert all files in a folder...”, then the volume model-
ing was automatically carried out to build a volume model (res-
olution, 103x206x114; voxel size, 1 mm; file format, IMG) (3).
By rotating the volume model, four basic views (lateral, medial,
superior, inferior) of the cerebral hemisphere were captured
and saved as TIFF files (Fig. 2A-D).

All cerebral gyri were determined and painted in the four cap-
tured views. On the MRIcro, the volume model was rotated at
arbitrary angles to decide the boundaries of all cerebral gyri. The
rotation could be done in a real time by mouse dragging thanks
to the low resolution of volume model. Territories of the identi-
fied gyri were painted on the lateral, medial, superior, and infe-
rior views of the volume model (5, 6). On Photoshop, semitrans-
parent painting was executed with different colors until the en-
tire cerebral cortex was full of colors (Fig. 2A-D). The identified
and colored gyri, which counted 33, were classified according
to the cerebral surfaces and lobes (Table 1) (7).

Based on the painted views, each gyrus was identified on the
printed paper of sectioned images. On the painted lateral and
medial views, horizontal grid with 1 mm gaps was overlapped
either really or virtually. The grid numbers (1-114) from superi-
or to inferior were same as the serial numbers of the sectioned
images with 1 mm intervals. Therefore, in case that grid 100 is
overlapped (Fig. 2A, B), gyri in the sectioned image 100 could be
recognized without difficulty (Fig. 2E, F). In addition, the paint-
ed superior and inferior views were helpful to disclosure of the
gyri, located in the superior and inferior ends of cerebral hemi-
sphere, respectively (Fig. 2C, D). On the printed paper, the iden-

tified gyri were drawn and annotated by a pen. The boundary
of each gyrus included not only cerebral cortex but also cerebral
medulla, which was the core of the gyrus (Fig. 2E) (6, 8).

Referring to the drawn papers, the cerebral gyri were delin-
eated in the high-resolution sectioned images (0.1 mm pixel
size) at 1 mm intervals. The delineation was performed on the
Photoshop in the same manner as our previous paper (3, 9). In
the sectioned images, external borders of the gyri were graphi-
cally distinguished from the surrounding subarachnoid space,
thus they could be drawn semiautomatically; so were some in-
ternal borders of the gyri. However, most internal borders were
not graphically distinguished, thus drawing was done manually
by one of the authors. The outlines of each gyrus were placed
on the PSD files’ layers, named with the official term of gyrus
(Table 1), to achieve the segmented images. After erasing the
background sectioned images, the outlines were filled with the
colors (Fig. 2F); at this time, the same colors were used as used
for painting the gyri in the four captured views (Fig. 2A-D). The
segmented images were then converted from PSD files to TIFF
files without layers.

Both the sectioned images and segmented images were stack-
ed to acquire coronal and sagittal planes, which were examined
for verification of segmentation (Fig. 3). When incorrect seg-
mented images were found, they were revised.

Two segmented images of the left and right cerebral hemi-
spheres were reunited to finalize the segmented images of the
entire cerebrum (Fig. 1D). It was processed with 114 couples of
images simultaneously using the Photoshop script. The united

Table 1. Thirty-three cerebral gyri in the unilateral cerebral hemisphere, which are segmented on the sectioned images

Frontal lobe
Parietal lobe
Occipital lobe
Temporal lobe
Insula lobe

Frontal lobe

Superolateral surface
Occipital lobe

Insular gyri
Medial and inferior surfaces

Orbital part, triangular part, opercular part, middle frontal gyrus, precentral gyrus, superior frontal gyrus
Angular gyrus, inferior parietal lobule, postcentral gyrus, superior parietal lobule, supramarginal gyrus

Superior temporal gyrus, transverse temporal gyrus, middle temporal gyrus, inferior temporal gyrus

Medial frontal gyrus, paracentral lobule, subcallosal gyrus, paraolfactory gyri, orbital gyri, straight gyrus,

lateral olfactory gyrus, medial olfactory gyrus

Parietal lobe
Occipital lobe
Temporal lobe
Limbic lobe

Paracentral lobule, precuneus

Cuneus, lingual gyrus, lateral occipitotemporal gyrus, medial occipitotemporal gyrus
Medial occipitotemporal gyrus, lateral occipitotemporal gyrus

Cingulate gyrus, parahippocampal gyrus

Fig. 3. Coronal, sagittal planes of the sectioned images and segmented images. Coronal sectioned image (A), coronal segmented image (B), sagittal sectioned image (C), and
sagittal segmented image (D) are produced for verification of segmentation.
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Fig. 4. Volume/surface models of the cingulate and parahippocampal gyri. Volume
model of the gyri built on MRIcro (A column) and colored surface model of the gyri
and cerebral hemisphere reconstructed on Maya (B column) are slightly rotated.

segmented images were corresponding to the original sectioned
images of the head (Fig. 1A). The segmented images of the cere-
bral gyri, prepared in this research, could be further combined
with previous segmented images of other head structures (3).

The sectioned and segmented images were piled to get the
volume and surface models of the selected cerebral gyri (Fig. 4)
(3,10-12). The 3D models were observed for the final confirma-
tion of the segmentation.

Ethics statement

The institutional review board of Ajou University Medical Cen-
ter approved this experiment with this cadaver (approval num-
ber: AJIRB-CRO-06-231).

RESULTS

It took 30 days to produce the 114 segmented images (intervals,
1 mm) of 33 cerebral gyri (Table 1): three days were required for
identification of gyri on volume model and for painting on the
four captured views (Fig. 2A-D), three days for pen drawing on
the printed papers (Fig. 2E), 20 days for delineation on the sec-
tioned images (Fig. 2F), and four days for certification of the
computer delineation (Fig. 3B, D). The 30 days were unreason-
ably long in clinics, but the duration seemed acceptable for ac-
quiring meaningful data in research field.

The segmented images had two file forms, PSD and TIFE The
PSD files included the original sectioned images and outlines
on the layers. So the PSD files were helpful for the better auto-

DOI: 10.3346/jkms.2010.25.12.1710

matic production of intended 2D and 3D images (9). The TIFF
files, namely color-filled images, were easily distributable be-
cause of its much smaller file size. The TIFF files, accompanied
by the sectioned images (TIFF files), were able to produce any
wanted 2D and 3D images. We decided to release the PSD or
TIFF files on each user’s demand. The distributed segmented
images would be accompanied by four captured views (TIFF
files), on which the gyri were painted with the same color as the
color-filled images. The four captured views and Table 1 would
give users a good orientation of the segmented images of cere-
bral gyri (Fig. 2).

The segmented images were employed for the manufacture
of volume model. By using the segmented images (PSD files),
sectioned images including selected gyri were produced on Pho-
toshop, then volume model of the gyri was built on MRIcro (Fig.
4A) (3). With programming in computer language, volume mod-
el with high resolution and real brain color would be made of
the segmented images and original sectioned images.

The segmented images independent of the sectioned images
were applied to the surface model producing on Autodesk Maya
version 2009 and supplementary software. From the segment-
ed images (PSD files), outlines of each gyrus were stacked. Sub-
sequently gaps between the outlines were filled with polygons,
that was the surface reconstruction, to create surface model of
the gyrus (10-12). The surface models were satisfactory (Fig. 4B)
and corresponding to the volume model of the same gyri (Fig.
4A). It means that the segmented images in this investigation
were qualified.

DISCUSSION

In the neuroimaging field, the segmentation of each cerebral
gyrus contributes to neurosurgical simulation, neuroscience
research, or other achievements. Current issue in this paper is
how to segment the gyrus easily and objectively in the personal
computer environment.

For the segmentation, it is required to utilize both two-dimen-
sional (2D) images and 3D image. 3D image of cerebrum is good
to categorize every gyrus (Fig. 2A-D); but stereoscopic bound-
ary of the gyrus including the cerebral cortex and subcortical
white matter cannot be practically drawn on the 3D image. The
2D images, that are the sectional planes, are good for the pre-
cise drawing (Fig. 2E, F); but identification of any given gyrus is
extremely difficult on the 2D images. Therefore, both 2D and
3D images of the same cerebrum are desirable to be displayed
together.

On the personal computer, our proposed method is efficient
in visualizing both 2D and 3D images. MRIcro, freely download-
able, has the useful function to promptly reconstruct the 3D
images from the serial 2D images (3). Even if the displayed 3D
image is not qualified as the final result, the 3D image is suffi-
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cient for the segmentation itself (Fig. 2A-D).

Our proposed method is hopefully welcomed by researchers,
who would like to use the personal computer separately from
the MRI machine. For instance, researchers could transfer brain
MRIs of patients to their laboratories and segment the cerebral
gyri for the various kinds of simulations (e.g. stereoscopic sur-
gery or radiotherapy). Researchers could also be interested in
non-clinical images, such as the sectioned images from Visible
Human Project or the histological serial images from confocal
microscopy. Our proposed method on the personal computer
is likely to promote convenient segmentation in diverse sorts of
images.

In the near future, we expect an advanced program, where
simultaneous modification of both 2D and 3D images is done.
It means that segmentation on the 2D images automatically re-
flects modification of the 3D image, and the reverse reflection
is possible too.

The segmented images of the cerebral gyri, prepared in this
study, might be utilized by many investigators for the following
reasons. First, the segmented images deal with all cerebral gyri
(Table 1) as well as other structures inside and outside the brain
(3). The segmented images can yield 3D surface models of brain
gyri and adjacent structures, which are the source of the inter-
active simulator of neurosurgery (Fig. 4) (11, 12).

Second, the segmented images can be expanded on the basis
of the initial sectioned images. Possibly, other brain structures
are additionally segmented on the sectioned images according
to the different intentions of various investigators. The intervals
(1 mm) of the segmented images could be made identical with
those (0.1 mm) of the original sectioned images. This trial, en-
abled by interpolation of the outlines from neighboring seg-
mented images, would cause enhanced 3D images for neuro-
anatomy (12).

Third, the segmented images are accompanied by the corre-
sponding sectioned images. Two image sets are capable of gen-
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Fig. 5. Two-dimensional
images, superimposed on
the three-dimensional image
of head. The corresponding
segmented image (A), MRI
(B), sectioned image (C),
which are oriented on the
surface model of the same
cadaver, are compared with
one another.

(B

erating volume models of brain components, which should be
realistic enough.

Fourth, the segmented images are also compared with the 7
Tesla MRIs of the same cadaver, scanned before serial section-
ing (3). Therefore, it is possible to build a medical learning tool,
in which the segmented images as well as the sectioned images
help interpretation of the brain MRIs (Fig. 5).

Fifth, the segmented images (both PSD, TIFF), sectioned im-
ages, and 7 Tesla MRIs are available free of charge for non-com-
mercial applications. Once approval is obtained for using this
data from our group, users all over the world will be provided
with the data either on- or off-line.

In conclusion, we developed segmentation method of cere-
bral gyri with the help of the 3D models on the personal com-
puter. It is hoped that this technique is utilized for the quick and
precise segmentation on other images, including brain MRIs.
We would like to distribute the segmented images of cerebral
gyri together with the corresponding sectioned images to every
wanted user.
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