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Serial Slice Images and Segmented Images of the
Brainstem for Recognizing the Stereoscopic Morphology
of its Nuclei and Tracts
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The purpose of this research is to present the serial slice images and segmented images of the human brainstem to
make the threéimensional (3D) images, which are helpful in recognizing stereoscopic morphology of the brainstem
components.

A brainstem was taken out from a cadaver. The brainstem was embedded with paraffin to make brainstem block. The
brainstem block was serially sectioned and digitalized to make slice images. In the slice images, 28 brainstem
components including several nuclei and tracts were segmented to make segmented images. The segmented images
were volumereconstructed to make 3D images.

One hundred fortghree couples of serial slice images and segmented images with 0.5 mm interval28860
resolution, 0.125 mm pixel size, and 8 bits gray were achieved. 3D images of the brainstem components were sectioned
and rotated. The serial slice images and segmented images were verified by the result that coronal images, sagittal
images, and 3D images of the brainstem were not distorted.

The serial slice images and segmented images of the brainstem, which were prepared in this research, will be
presented to the world. The images are expected to be used for other researchers to make 3D images and virtual

dissection software which are helpful in recognizing stereoscopic morphology of the brainstem components.

Key words : Serial slice images, Segmented images, Brainstem, Stereoscopic morphology, Nuclei Tracts, Three
dimensional images

Introduction scopic location and shape of the brainstem compo-
nents should be recognized. For simply understanding
The human brainstem includes several componentghe stereoscopic morphology, the brainstem of cadaver
such as nuclei and tracts which are important not onlycan not be dissected along its nuclei and tracts; the
for the conduction of motor and sensory stimuli but brainstem atlases including tvdimensional pictures
also for the maintenance of life. For accurate diag-require much effort by the medical students and doc-
nosis and treatment of the brainstem diseases, steredors (DeArmond et al. 1976, Jennes et al. 1995). If
_ threedimensional (3D) image of the brainstem is
ij%ﬁejgsggs?{;cgcfo&'gﬁ,\;“efdi?nlgg (Department of Anatomy. 2 4e and sectioned at free angles; and the 3D images
E-mail : dissect@ajou.ac.kr of the brainstem components are selected to display
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and rotated at free angles, stereoscopic morphology oflice images and segmented images of the human
the brainstem components can be easily recognizedbrainstem for making the 3D images, which are
For the reason, in other researches, computed tomohelpful in recognizing stereoscopic morphology of the
graphs and magnetic resonance images of the brainbrainstem components.
stem were scanned; however they were not enough to
identify the brainstem components (Funahashi et al.
1989, Marx et al. 2004). It was tried that pons and
medulla oblongata were serially sectioned to make
serial slices; however, midbrain was not involved and
the serial slices did not keep good quality and were
not stained, so that nuclei and tracts in the serial slices A brainstem was taken out from a cadaver. A
were difficult to identify (Axer et al. 2002). donated Korean cadaver (53 years old male) was
The purpose of this research is to present the serigperfused with 10% formalin solution through the

Materials and Methods

1. Serial sectioning of the brainstem to make
slices

Fig. 1.Slice images (left column) and segmented images (right column) of the midbrain, pons, rostral medulla oblongata, and caudal
medulla oblongata (from top to bottom).
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femoral artery. After carefully extracting the brain Table 1.Features of 143 couples of slice images and segmented
(Felle et al. 1995), the whole brainstem consisting of Images
midbrain, pons, and medulla oblongata was acquired.

Images Color depth One file size  Total file size

Slice images 8 bits gray 101.3 Kbytes 14.1 Mbytes

Segmented .
dration, the brainstem was transversely divided into images 24 bits color  303.9Kbytes  42.3 Mbytes

Two brainstem blocks were made. After dehy-

upper and lower halves using a knife. The upper ancintervals: 0.5 mm, Resolution: 36288, Pixel size: 0.125 mm, File
. X format: tag image file format (TIFF).

lower halves were embedded with paraffin to make gimag (TIFF)

two blocks.

Two brainstem blocks were serially sectioned to  gach slice photograph was digitalized to make a

using a sliding microtome (HM 400, Micrdf) in the Packard). At this time, field of view and resolution
transverse direction. Total height of both blocks wasyas adjusted to be 225180 and 36 288 mm,
71.5 mm, and thickness of the serial slices was 0-02respectively, so that pixel size of the slice image was
mm, so that total number of the serial slices wasg g25 mm. But the actual pixel size was 0.125 mm
3,575. One slice out of 25 serial slices was regularlypecause the enlarging scale was five times during
selected and put on the slide glass for further experphotographical printing. Color depth and file format
iment, so that number and interval of the selectedyf the slice image was adjusted to be 8 bits gray and
slices became 143 and 0.5 mm, respectively. tag image file format (TIFF), respectively (Fig. 1,
Table 1).
2. Staining and digitalizing of the slices to make
slice images 3. Aligning of the slice images by using a
median line and by examining the coronal

After each slice was Paleigert stained, each slice . o
and sagittal slice images

was printed on a photographic paper (A4 size) with a
consistent enlarging scale (five times) using an enlarg- The slice images were aligned by using a median
er to make 143 slice photographs. line. On the Adobe Photoshop (version 7.0, Addpe

Fig. 2. Corresponding coronal slice images and coronal segmented images.
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Fig. 3.Corresponding sagittal slice images and sagittal segmented images.

Table 2. Twenty-eight brainstem components, which are segmented

Classification Components
Surface, Ventricle Brainstem surface, Mesencephalic aqueduct, Fourth ventricle, Central canal
Related to spinal nerve Gracile nuclei, Cuneate nuclei, Medial lemnisci, Corticospinal tracts, Pyramidal decussation

Oculomotor nuclei, Spinal nuclei of trigeminal nerve, Spinal tracts of trigeminal nerve,
Related to cranial nerve Abducens nuclei, Facial nuclei, Medial vestibular nuclei, Superior vestibular nuclei,
Lateral vestibular nuclei, Lateral lemnisci, Hypoglossal nuclei

Periaqueductal gray matter, Red nuclei, Substantiae nigrae, Medial longitudinal fasciculi,
Remaining Inferior olivary nuclei, Superior cerebellar peduncles, Decussation of superior cerebellar peduncles,
Middle cerebellar peduncles, Inferior cerebellar peduncles

a median line, which was never moved, was super- 4. Segmentation of 28 brainstem components in

imposed on all slice images. Each slice image was slice images to make segmented images

adequately rotated and moved right or left until the
slice image was symmetric with respect to the median Twenty-eight brainstem components were decided
line. to segment in the slice images. In the case that the
The slice images were aligned by examining coro-brainstem components are bilateral, both bilateral
nal and sagittal slice images. After stacking, slice components were decided to segment (Table 2).
images, coronal and sagittal images were made (Park The brainstem components in the photographic
et al. 2005). In the coronal and sagittal images, thepapers were identified by referring to the brainstem
zigzag brainstem surface, which was caused byatlases (DeArmond et al. 1976, Jennes et al. 1995). On
incorrect alignment, were found. The incorrectly the papers, contours of the brainstem components
aligned slice images were adequately moved ventrallywere drawn using a pen by the medical experts (Fig.
or dorsally until the coronal and sagittal images showed4).
smooth surface (Figs. 2, 3). By referring to the photographic papers, the brain-
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Fig. 4. Photographic paper, where contours of the brainstem components are manually drawn (left), and corresponding segmented image
(right).
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Fig. 5. Rotated 3D images of the selected brainstem components (left column) and sectioned 3D images of the brainstem (right column).
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stem components were manually segmented in thgTable 1).
slice images to make 143 segmented images. It was The slice images were transverse and parallel with
done on the CorelDRAW (version 10, Corel Corpora- each other; they had constant intervals; and they were
tion™) by the medical experts. Then the contours of aligned (Fig. 1). It was confirmed by the result that
each brainstem component were filled with a specific coronal and sagittal, images were not distorted (Figs.
color to make 143 segmented images. At this time,2, 3).
similar colors were not used for the neighboring The segmented images were satisfactory. Because
brainstem components. Resolution (36238), pixel of the coronal and sagittal segmented images, incor-
size (0.125 mm), and file format (TIFF) of the seg- rect segmentation could be easily found and corrected
mented images were adjusted to be the same as thogEigs. 2, 3). The correct segmented images were con-
of the slice images. But color depth of the segmentedfirmed by the result that 3D image of each brainstem
images was adjusted to be 24 bits color for repre-component showed smooth contour (Fig. 5).
senting the segmentation colors (Figs. 1, 4) (Table 1).  The 3D images of the brainstem could be sectioned
The segmented images were verified and correctedand rotated. The 3D image of the brainstem could be
by examining the coronal and sagittal segmentedsectioned at free angles to display the sectional seg-
images. After making coronal and sagittal images of mented images, in which each brainstem component
the segmented images, zigzag contours of the braineould be easily identified with the specific segmenta-
stem components, which were caused by incorrection color. 3D images of any combinations of the
segmentation, were found. The incorrect segmentedrainstem components could be selected to display
images were corrected until the coronal and sagittaland rotated at free angles. In the rotated 3D images,

images showed smooth contours (Figs. 2, 3). not only stereoscopic shape of each brainstem com-

ponent but also stereoscopic locational relationship of

5. Volume reconstruction of the segmented the neighboring brainstem components could be easily
images to make 3D images identified (Fig. 5).

. . Through examination of the 3D images, the stereo-
All segmented images were stacked in sequence and

scopic location and shape of some brainstem compo-
subsequently volumeeconstructed to make a 3D . . .
. . . . . nents were found as follows: Medial lemnisci, which
image using Visual € programing language (version ) ) .

curved ventrally in the midbrain and medulla oblon-

6.0). The 3D image was sectioned at free angles to . .
) . . gata and dorsally in the pons, looked like archér-
display the sectional segmented images. The 3D . . )
. . acter. Medial longitudinal fasciculus curved dorsally
images of the selected brainstem components were .
. ) to be close to the fourth ventricle but far from the
displayed and rotated at free angles. The 3D images

. , . ) mesencephalic aqueduct and central canal. Bilateral
were examined to find the stereoscopic location and

) . superior cerebellar peduncles ascended ventrally in
shape of some brainstem components (Fig. 5).

the pons to become the decussation of superior cere-
bellar peduncles in the midbrain (Fig. 5).
Results

One hundred fortyhree couples of the slice images Discussion

and segmented images were made. Interval and pixel
size of the images was 0.5 and 0.125 mm, respectively For accurate diagnosis and treatment of human
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brainstem diseases, stereoscopic morphology of thérainstem was kept in mind while dividing, embed-
brainstem components should be recognized. Foding, and serial sectioning the brainstem. To make the
example, when the extent of a lesion in the brainstemserial slice images parallel to each other and to main-
is identified on MRIs, it is important to know the tain their intervals constant, the precise sliding micro-
stereoscopic location and shape of the brainstem surtome was used while sectioning the brainstem.

face, red nuclei, substantiae nigrae, and inferior oli- Third, the serial slice images need to be aligned. In
vary nuclei, which are landmarks on the brainstemthis research, the median line, coronal images, and
MRIs (Hirsch et al. 1989). Also, when an electrode is sagittal images were used (Figs. 2, 3). In the next
inserted around the brainstem during stereotaxic surtesearch, alignment rods need to be inserted into the
gery, it is important to know the stereoscopic locationsbrainstem block; corresponding MRIs of the brain-
of the vital nuclei and tracts, which should not be stem block need to be scanned; or alignment software
injured (Afshar and Dykes 1982). Furthermore, when needs to be composed (Axer et al. 2002).

central electroauditory prosthesis is implanted into the Fourth, the serial slice images need to show appar-
cochlear nuclei, it is important to know the stereo- ent brainstem components. In this research, serial
scopic locations of the vestibular nuclei and spino-sectioning of the brainstem block, Rékigert stain-
thalamic tracts into which the prosthesis should not being and digitalization (pixel size: 0.125 mm) of the
implanted (Terr and Edgerton 1985a, b, Sinha et al.serial slices were performed in the best conditions
1987, Terr and Sinha 1987, Mobley et al. 1995). (Fig. 1).

The stereoscopic morphology of the human brain-  Fifth, the correct segmented images of many brain-
stem components could be easily recognized if 3Dstem components need to be prepared. In this research,
images of the brainstem are made of the serial slicealmost important brainstem components, which could
images and segmented images. In other researchebg identified in the serial slice images, were segment-
those images of the rat brainstem were prepared ted (Table 2). In addition, manual segmentation was
make 3D images, which can be used for neuroscienc@erformed by the medical experts; at this time, not
researches (German and Manaye 1993, Brevik et alonly the brainstem atlas (DeArmond et al. 19786,
2001). Jennes et al. 1995) but also the photographic papers,

To make good quality of 3D images, the serial slice where contours of the brainstem components were
images and segmented images of the brainstem needlready drawn, were used (Fig. 4). Furthermore, the
to be prepared on the following principles. segmented images were verified and corrected using

First, the serial slice images of the whole brainstemthe coronal and sagittal images (Figs. 2, 3). In the next
need to be prepared. In this research, the whole brainresearch, to reduce segmentation time and human
stem consisting of the midbrain, pons, and medullaerrors, semiautomatic segmentation needs to be per-
oblongata were used as material. In the next researctfprmed (Park et al. 2005).
to make 3D images of the entire course of motor and Sixth, the slice images and segmented images need
sensory pathways, the serial slice images from theto be finally verified by making and examining the 3D
telencephalon to spinal cord need to be prepared. images. In this research, volume reconstruction was

Second, the serial slice images need to be transperformed to enable the 3D images to be sectioned
verse, parallel with each other, and they need to havéFig. 5). In the next research, surface reconstruction
constant intervals. In this research, to make the seriaheeds to be performed to reduce the file size of the 3D
slice images transverse, longitudinal direction of theimages and enhance the rotating speed of the 3D
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images. Also, virtual dissection software with multiple  computer. Shinkei Geka 17: 356@, 1989.
functions needs to be composed (Hohne et al. 1992German DC, Manaye KF: Midbrain dopaminergic neurons
Tiede et al. 1993). (nuclei A8, A9, and A10). Thredimensional recon-

The serial slice images and segmented images of the struction in the rat. J Comp Neurol 331: 2309, 1993.

. . . . Hirsch WL, Kemp SS, Martinez AJ, Curtin H, Latchaw RE,
brainstem, which were prepared in this research (Table i ) o
Wolf G: Anatomy of the brainstem. Correlation of in vitro

1), will be presented to the world. The images are MR images with histologic sections. Am J Neuroradiol 10:
expected to be used for other researchers to make 3D 923928, 1989.
images and virtual dissection software, which are yghne KH, Bomans M, Riemer M, Schubert R, Tiede U,
helpful in recognizing the stereoscopic morphology of Lierse W: A volumebased anatomical atlas. IEEE Comput
the brainstem components. Graph 12: 7278, 1992.
Jennes L, Traurig HH, Conn PM: Atlas of the Human Brain.
Philadelphia, J. B. Lippincott Company, 1995.
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