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Serially Sectioned and Segmented Images of the
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ABSTRACT Mouse anatomy is fundamental knowledge for researchers who perform biomedical experiments
with mice. The purpose of our research is to present the serially sectioned images and segmented images of the mouse
to produce thre€imensional images of the mouse, which are helpful in learning mouse anatomy.

Using a cryomacrotome, a couple of male and female mice were transversely serially sectioned at 0.5 mm intervals
to make sectioned surfaces. The sectioned surfaces were digitalized to make serially sectioned images. In the serially
sectioned images of the female mouse, 14 structures including skin and bones warga®atically segmented on
Adobe Photoshop software to make segmented images. The serially sectioned images and segmented images were
stacked to make sagittal and coronal images, which were used for verifying the serially sectioned images and
segmented images.

In this ongoing research, the segmented images of male mouse will be added. All serially sectioned images and
segmented images of the mouse will be presented worldwide. These images are expected to be used by many
researchers for making thrdémensional images and virtual dissection software of the mouse, which are helpful in
comprehending the stereoscopic morphology of the mouse’s structures.

Key words : Serially sectioned images, Segmented images, Mouse anatomyditheesional images, Cryomacro-
tome, Semautomatic segmentation

INTRODUCTION it is necessary to accompany the serially sectioned images of
the mouse with the segmented images of the mouse’s struc-
Mouse anatomy is fundamental knowledge for researchergures. However, images such as these haven't been produced
who perform biomedical experiments with mice. The mouseYet, although serially sectioned images of the human (Spitzer
anatomy can be learned with a mouse atlas; however, a mous{ al, 1996; Parket al, 2005a), dog (Bottcher & Maierl,
atlas only has twalimensional pictures, which is not enough 1999), frog (Nip & Logan, 1991) as well as the mouse embryo
for comprehending the stereoscopic morphology of the(Durikovic et al, 1998; Williams & Doyle, 1996) have been
mouse’s structures. The mouse anatomy can be also learngtiade for the same reason.
during dissection of the mouse; however, many mice need to The purpose of this research is to present the serially
be sacrificed for dissection and the labor is discomforting. If sectioned images and segmented images of the mouse to pro-
threedimensional (3D) images of the mouse are made andmote 3D images of the mouse, which are helpful in com-
sectioned at free angles to display the sectioned planes angrehending the mouse anatomy.
3D images of the mouse’s structures are rotated at free angles, In order to achieve this purpose, the following trials were
the stereoscopic morphology of the mouse’s structures can bgerformed. A couple of male and female mice were trans-
conveniently comprehended. In order to make the 3D imagesyersely serially sectioned at 0.5 mm intervals to make sec-
tioned surfaces. The sectioned surfaces were digitalized to
*Grant information and grant numbers: R01-2005-000-10197-0 from the Basicmake serially sectioned images. In the serially sectioned
Research Program of the Korea Science & Engineering Foundation. . . . .
images of the female mouse, 14 structures including skin and
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Fig. 1. Male mouse (A) and female
mouse (B) selected for this research.

Fig. 2. Embedding box (A), in which
male and female mice are placed on
the embedding agent base (B).

shop software to make segmented images. The serially sect,000 mL) was poured into the embedding box until the
tioned images and segmented images were stacked to malkambedding agent filled half of the embedding box, and frozen
sagittal and coronal images, which were used to verify theto —70°C in a freezer to make the embedding agent base. The
serially sectioned images and segmented images. surface of the embedding agent base was flattened.
The mice were embedded and frozen in the embedding box
in the following methods. Two mice were placed side by side
MATERIALS AND METHODS on the embedding agent base. The mice’s tails were turned to
their body sides; as a result, serial sectioned images including
A couple of male and female mice (ICR species) were only the mice’s tails were reduced to a minimum (Fig. 2B).
selected and sacrificed. A male mouse (age, 10 weeks oldThe mice’s heads were directed to the cranial board of the
weight, 39 g; body length, 218.5 mm; body width, 42 mm) and embedding box. The mice were positioned 50 mm away from
a female mouse (age, 10 weeks old; weight, 29 g; body lengththe cranial board; as a result, serial sectioning of the embed-
193.5 mm; body width, 38 mm) were selected for this researchding agent between the cranial board and the mice could be
The body length was measured after turning the mice’s tailsperformed as the preliminary experiment. The longitudinal
to their body sides (Fig. 1). The mice were sacrificed with axes of the mice including the spinous processes of the
diethyl ether. vertebrae were adjusted to be parallel to the longitudinal axis
An embedding box (length, 400 mm; width, 300 mm; of the embedding box. The embedding agent was fully poured
height, 500 mm) was made of heavy steel (bottom board andnto the embedding box and frozen for making the embedding
cranial board) and wood (two side boards and caudal board)box heavy.
Upper parts of the two side boards were connected with a As the preliminary experiment, the embedding box includ-
wooden rod for preventing the freezing embedding agenting only the embedding agent between the cranial board and
from widening the two side boards (Fig. 2A). Blue embedding mice was serially sectioned. The cranial board was detached
agent (gelatin, 30 g; methylene blue, 0.5 g; distilled water, from the embedding box. The embedding box was serially
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sectioned at 0.5 mm intervals (Fig. 3) until a mouse’s noseremoved with ethyl alcohol. The sectioned surfaces were
appeared on the sectioned surface. During the preliminaryphotographed to make serially sectioned images (pixel size,
experiment, optimal conditions were decided for making 0.1 mm) of two mice under constant conditions of the digital
serially sectioned images with good quality: optimal moving camera (F value, 10; shutter speed, 1/250 second; focusing,
speed (20 mm/s) of the milling table was decided; not only manual) while the two strobe heads flashed (Fig. 4A, B). The
optimal rotating speed (628 rpm) of the cutting blade but alsoserially sectioned images in the digital camera were trans-
optimal quality and angle of the 20 teeth on the cutting bladeferred to a personal computer. Then the serially sectioned
were decided, and the teeth were replaced with new onegmages were saved in tag image file format (TIFF) files. The
regularly; cold condition of the embedding box for serial serial sectioning and photographing processes were repeat-
sectioning and optimal conditions of the digital camera (DSC edly performed until the mice did not appear on the sectioned
560 KodakM; resolution, 3,04& 2,008) and two strobe heads surfaces any more (Pagk al, 2005a).

(Digital S, Elinchrom™) for photographing the sectioned From the serially sectioned images of two mice (resolution,
surfaces (size, 300200 mm) were decided (Fig. 4A, B) (Park 3,040x 2,008), those of the male mouse (resolution, 1;5616

et al, 2005a). 1,340) and those of the female mouse (resolution, 512

As the final experiment, the embedding box including two 1,052) were extracted with appropriate margins. Intervals of
mice was serially sectioned to make serially sectionedthe serially sectioned images were 0.5 mm. Therefore, in the
images. The embedding box was serially sectioned at 0.5 mntase of the male mouse (body length, 218.5 mm), 437 serially
intervals (Fig. 3). Frost on every sectioned surface wassectioned images were extracted; in the case of the female
mouse (body length, 193.5 mm), 387 serially sectioned
images were extracted (Fig. 5A, B; Table 1).

Further experiments were performed only with the serially
sectioned images of the female mouse.

Sagittal and coronal images were made of the serially
sectioned images. Sagittal images were made of the serially
sectioned images (intervals, 0.5 mm; pixel size, 0.1 mm) as
follows. As the preprocess, each serially sectioned image
was copied and pasted four times between the serially
sectioned image and the next serially sectioned image. As a
result, we prepared 1,935 fivefold serially sectioned images
with 0.1 mm intervals, which were the same as pixel size of
the serially sectioned images. Each column of the fivefold
serially sectioned images was selected and stacked in
sequence on Adobe Photoshop software (version 7.0, Adpbe

Fig. 3. Cryomacrotome on which embedding box is serially sec- 10 make a sagittal image (Fig. 6A). Repeatedly, 1,512 serial
tioned by rotating cutting blade to make a sectioned surface. sagittal images were made of the fivefold serially sectioned

Fig. 4. Digital camera for photographing of the sectioned surfaces (A) and strobe head for flashing on the sectioned surfaces (B).
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Fig. 5. Serially sectioned images of the male mouse (A), serially sectioned images of the female mouse (B), and segmented imagedeof the f
mouse (C).

image. In a similar manner, 1,052 serial coronal images wereC). If either incorrect alignment or inconsistent brightness
made from the fivefold serially sectioned image (Fig. 6C) was found, the serially sectioned images were revised on
(Parket al, 2005b). Adobe Photoshop software.

The sagittal and coronal images were examined for veri- Fourteen structures (skin, bones, digestive tract, liver, gall-
fying alignment and constant brightness of the serially sec-bladder, respiratory tract, lungs, heart, aortas, kidneys, urinary
tioned images. In some sagittal and coronal images, smoothbladder, brain, spinal cord, and spleen) were decided to be
ness of each structure’s contour was examined for verifyingsegmented in the serially sectioned images because the
alignment of the serially sectioned images. In the same imagestructures were not only important but also relatively distinct
brightness of the structures was examined for verifying in the serially sectioned images.
constant brightness of the serially sectioned images (Fig. 6A, Fourteen structures were seatitomatically segmented on
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Table 1. Features of the serially sectioned images and segmented images of the mice

; Bits depth One file size Total file size
Sex Images Number Resolution (Bits color) (MBytes) (GBytes)
Male Serially sectioned 437 1,5%61,340 24 5.9 25
Female Serially sectioned 387 1,542,052 24 4.6 1.7
Female Segmented 387 1,542,052 8 15 0.5

Intervals, 0.5 mm; Pixel size, 0.1 mm; File format, Tag image file format (TIFF)

Fig. 6. Sagittal serially sectioned image (A), sagittal segmented image (B), coronal serially sectioned image (C), and coronal seggented i
(D) of the female mouse.

Adobe Photoshop software to make segmented imagesknowledge, which meant that correct segmentation was done
Contours of 14 structures were identified in all 387 serially (Fig. 6B, D). If segmentation was incorrect, the segmented
sectioned images by referring to the serial slices atlas of themages were revised on Adobe Photoshop software.

mouse (lwakiet al, 2001). The contour of each structure was

semiautomatically drawn using magnetic lasso tool of Adobe

Photoshop software; subsequently, the contour was auto- RESULTS
matically filled with a specific segmentation color to make
the 387 segmented images (Patkal, 2005b). Resolution From a male mouse, 437 serially sectioned images (TIFF

(1,512%x 1,052), pixel size (0.1 mm), and file format (TIFF) of files) with 0.5 mm intervals were acquired. Each serially
the segmented images were adjusted to be the same as thasectioned image had 1,5%6,340 resolution, 24 bits color,
of the serially sectioned images. However, bits depth of theand 5.9 MBytes file size; total serially sectioned images had
segmented images was adjusted to be 8 bits color, nafhely 2.5 GBytes file size (Table 1).
(=256) kinds of colors, which were enough for representing From a female mouse, 387 pairs of serially sectioned
14 segmentation colors (Fig. 5C; Table 1). images and segmented images (TIFF files) with 0.5 mm
The sagittal and coronal images were made and examinethtervals were acquired. Each serially sectioned image had
for verifying correct segmentation. Sagittal and coronal 1,512x 1,052 resolution, 24 bits color, and 4.6 MBytes file
images of the segmented images were made in the sam&ze; total serially sectioned images had 1.7 GBytes. Each
manner as those images of the serially sectioned images. Isegmented image had 1,542,052 resolution, 8 bits color,
some sagittal and coronal images, it was examined whetheand 1.5 MBytes file size; total segmented images had 0.5
each structure’s contour was smooth and fit to anatomicalGBytes file size (Table 1).
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The serially sectioned images were acquired with goodaxes of the mouse, embedding box, and milling table were
quality. The serially sectioned images had 0.1 mm pixel size,adjusted to be parallel. To make the serially sectioned images
so that structures greater than 0.1 mm could be identified inparallel to each other and their intervals constant, the reliable
the serially sectioned images; in addition, the serially cryomacrotome, whose moving error was jugtni, was
sectioned images showed colors similar to the living mouse.made; the embedding box, which was made as heavily as
But the serially sectioned images did not show the mouse’spossible, was placed on a constant place of the milling table
hairs in nature (Fig. 5A, B). The serially sectioned images and firmly fixed; serial sectioning of the embedding box was
were aligned and had constant brightness in general, whicliepeatedly performed without human error by a computer
was verified by examining the sagittal and coronal imagesprogram (Figs. 2, 3).

(Fig. 6A, C). Second, the serially sectioned images need to be aligned. If

Segmented images were acquired with good quality as wellnot, the 3D image becomes distorted too. Serially sectioned
The segmented images corresponding to the serially sectioneinages of the mouse embryo were not produced in this
images showed apparent contours of the 14 structures (Figcondition because the serially sectioned images were made by
5C). The segmented images were generally correct, whictphotographing with film camera and by scanning the films
was verified by examining the sagittal and coronal imageswith laser slide scanner, which might cause incorrect
(Fig. 6B, D). alignment (Williams & Doyle, 1996; Durikoviet al, 1998).

In this research, to make the serially sectioned images

aligned, every sectioned surface was moved to a constant
DISCUSSION position for photographing; the location and direction of the

digital camera were always fixed (Fig. 4A); and alignment of

The serially sectioned images of the mouse need to behe serially sectioned images was verified by examining the
made. After staking the serially sectioned images, 3D imagesagittal and coronal images (Fig. 6A, C).
can be made by volunreconstruction. The 3D image can be  Third, the serially sectioned images need to have constant
sectioned at free angles to display the sectional planes. Thberightness. If not, the 3D image can not yield sectional planes
3D image is helpful in comprehending stereoscopic morph-with good quality. Serially sectioned images of the frog were
ology (Pommertet al, 2001; Schiemanet al, 2002). For  not produced in this condition because daylight from labora-
comprehending stereoscopic morphology of the varioustory windows influenced the sectioned surfaces during
animals, the serially sectioned images of the dog (Béttcher &photographing (Nip & Logan, 1991). In this research, to make
Maierl, 1999), frog (Nip & Logan, 1991), and mouse embryo the serially sectioned images with constant brightness, the
(Williams & Doyle, 1996; Durikovicet al, 1998) were made. laboratory was made dark; the location and direction of the
But the serially sectioned images of the mouse, which is atwo strobe heads were adjusted and always fixed (Fig. 4B);
widely used experimental animal, were not produced yet.the F value and shutter speed of the digital camera were
Therefore, in this research, serially sectioned images of thealways fixed; and the constant brightness of the serially

mouse were decided to acquire. sectioned images was verified by examining the sagittal and
The serially sectioned images of the mouse need to be madeoronal images (Fig. 6A, C).
by the following principles. Fourth, the serially sectioned images need to involve the

First, the serially sectioned images need to be transversesectioned surfaces with good quality. If the sectioned surfaces
parallel to each other, and they need to have constanton’'t keep good quality, the corresponding serially sectioned
intervals. If not, the 3D image made of the serially sectionedimages can not show apparent structures. In this research, to
images becomes distorted. Serially sectioned images of thenake the sectioned surfaces with good quality, the milling
dog were not produced in these conditions because theable was moved and the cutting blade was rotated at optimal
embedding box was not firmly fixed on the milling table of speed (Fig. 3); the teeth with optimal quality were mounted on
the cryomacrotome and the milling table was manually the cutting blade at optimal angle and replaced with new ones
moved (Bottcher & Maierl, 1999). The serially sectioned regularly; the embedding box was firmly fixed on the milling
images of the frog were not produced in these conditions todable and hard frozen during serial sectioning; and frost on the
because the cryomacrotome was frequently jammed duringsectioned surfaces was removed.
serial sectioning (Nip & Logan, 1991). In this research, for Fifth, the serially sectioned images need to have the pixel
making the serially sectioned images transverse, surface ofize as small as possible. If not, small structures can not be
the embedding agent base was flattened and all longitudinaidentified in the serially sectioned images. In this research, to
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make the serially sectioned images have 0.1 mm pixel sizethe mouse will be presented worldwide. These images are
sectioned surfaces (size, 39Q@00 mm) were photographed expected to be used by many researchers for making 3D
using the digital camera (resolution, 3,04D,008). However,  images and virtual dissection software of the mouse, which
the serially sectioned images had 0.5 mm intervals, soare helpful in comprehending the stereoscopic morphology of
structures smaller than 0.5 mm may not appear in the seriallfhe mouse.
sectioned images (Table 1). In the next research, intervals of Upgraded data of the serially sectioned images and seg-
the serially sectioned images need to be reduced. mented images will be made in the near future as follows. The
Segmented images of the mouse need to be made. Afteserially sectioned images of the mouse with thinner intervals
stacking the segmented images, 3D image of each structureill be made; the detailed segmented images of the mouse
can be made by volummeeconstruction or surfaeecon- will be made; the computed tomographs and magnetic
struction. The 3D images of such structures can be selected teesonance images of the mouse with high resolution will be
be displayed and rotated at free angles. The 3D images amnade; the serially sectioned images and segmented images of
helpful in comprehending the stereoscopic shape and locaether experimental animals (e.g. rat, rabbit, and so on) will be
tional relationship of structures (Pommettal, 2001; Schie- made.
mannet al, 2002). Therefore, in this research, the segmented
images of the mouse’s important structures including skin and
bones were decided to acquire. REFERENCES
The segmented images of the mouse need to be made by

the following principles. Béttcher P, Maierl J: Macroscopic cryosectioning. A simple new

First, the structures’ contours need to be seatomatically method for producing digital, three dimensional database in
drawn. If the contours are manually drawn, segmentation veterinary anatomyAnat Histol Embryol 28: 97102, 1999
would require tedious work and long time; and segmentationDurikovic R, Kaneda K, Yamashita H: Imaging and modeling from
is not guaranteed to be objective (Nip & Logan, 1991). serial microscopic sections for the study of anatolbgd

Reversely, if the contours are automatically drawn, segmen- Biol Eng Comput 36: 27884, 1998
L I’f Id b ible b ' .Nip W, Logan C: Whole frog technical report. LB35331,
tation itself would not be possible because most structures in htp://www-itg.Ibl.gov/ITG/Whole.Frog/frog/Frog.

the serially sectioned images can not be identified by the TechRept.html, University of California, Lawrence Berkley
computer but only by a human. In this research, the contours labora-tory, BerkleyCA, 1991

of the mouse’s structures were seantomatically drawn on  Park JS, Chung MS, Hwang SB, Lee YS, Har DH, Park HS: Visible
Adobe Photoshop. Magnetic lasso tool of Adobe Photoshop Korean Human. Improved serially sectioned images of the

entire bodylEEE Trans Med Imaging 24: 35360, 2005a
Park JS, Chung MS, Hwang SB, Lee YS, Har DH: Technical report
on semiautomatic segmentation using the Adobe Photo-

was adequate enough for semitomatic segmentation that
specific software for segmentation was not necessary Rark

al., 2005b). shop.J Digit Imaging 18: 33843, 2005b

Second, the segmentation needs to be verified. Segmentatiofommert A, Héhne KH, Pflesser B, Richter E, Riemer M,
errors may occur while various kinds of structures are Schiemann T, Schubert R, Schumacher U, Tiede U: Creat-
segmented in a lot of serially sectioned images. If the seg- ing a highresolution spatiasymbolic model of the inner
mentation is not verified, the 3D image of each structure may structures based on the Visible Humifted Image Anal 5:

221-228, 2001

me distorted. It is difficult to find the incorrect seg- .
beco de,d sto es s d, ,Cu ho d the di hg Schiemann T, Freudenberg J, Pflesser B, Pommert A, Priesmeyer
mented images by examining the segmented images them- K, Riemer M, Schubert R, Tiede U, Hohne KH: Exploring

selves. In this research, segmented images of the mouse’s the Visible Human using the VOXEMAN framework.
structures were verified by examining the sagittal and coronal Comput Med Imaging Graph 24: 1482, 2002
segmented images (Fig. 6B, D), and incorrect segmentedpitzer VM, Ackerman MJ, Scherizinger L, Whitlock DG: The
images were revised (Pagk al., 2005b). Visible Human male. A technical repodtAm Med Inform

In this research, 437 serially sectioned images of a male Assoc 3: 11830, 1996

mouse as well as 387 pairs of serially sectioned images an(IJYVaki T, Yamashita H, Hayakawa T: A Color Atlas of Sectional
P y 9 Anatomy of the MouseMaruzen Co. LTD., Tokyo, Japan,

segmented images of a female mouse were made (Fig. 5A, B, 2001

C; Table 1). The segmented images of the male mouse will b&yiliams BS, Doyle MD: An Internet atlas of mouse development.
added. All serially sectioned images and segmented images of Comput Med Imaging Graph 20: 4387, 1996
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