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Table 1. Features of the anatomical, segmented, 3D anatomical, and 3D segmented images

Dataset of images Intervals : Pixel size : Onefilesize  Totd filesize
(File names) (mm) Resolution (mm) Bits depth (Mbytes) (Mbytes)

Original anatomical images ]

(0a000L. tif-088507 1if) 0.2 2,468 x 1,407 0.2 24 hits color 9.9 84,515
Original segmented images 02 2,468 x 1,407 02 8 bits color 33 28171

(0s0001.tif-0s8507.tif) : g ' : ' '
Anatomical images ]

(20001 if-al702 tif) 1.0 494 x 282 1.0 24 hits color 04 678
Segmented images .

(SOOOL tif -s1702.if) 10 494 x 282 10 8 bits color 01 226
3D anatomical image(3da) 494 x 282 x 1,702 1.0* 24 hits color 678.3 678
3D segmented image (3ds) 494 x 282 x 1,702 1.0* 8 bits color 226.1 226

*Voxel size (mm)

R L RO A o o+ Lo Al Bt o o= i R o U B A s
of 0.2mm 74 oz d&ddslRo. A (Z7] 600 mmx
400 mm)&- TR EAA 7] (A= 3,040 x 2,008) = Aol
A4AFE N dHE el A& FedA Eos| R (sl
Ab= 2,468 1,407, 744 0.2mm, 3+4=7] 0.2mm, W7z 24
bits color) 8,5077) (0a0001.tif-0a8507.tif )} = 2+E=<it} (Table 1)
(ARL =, 2002; vF21A] 5, 2002).

RojsjredAte] 7+4 02mme} 34=7] 0.2mmE 247t 1
mmz FelA s yelde TEQE Bod el FA 1
T 6o® Zil:= o AF(0a000L.tif, 0a0006.tif, ..., 0a8506.tif)
L7020 8 #9 chgel] o] sE vhA] B30 (a000Ltf-
al702.tif), o) A7z 7214 02mm7} 1mm=z <o} Adobe
Photoshop (7.02}, Adobe™)el| A e Al v] (width of image size)
2,468 4942 =931, 3A=o] (height of image size) 1,407
2822 =9 o, o] A=z 3477 02mm7}F 1mmzE B9
o olH¥ AT Hazr)E BEA s (A 1mm,
3}4-=7] 1mm, W2 24 bits color) 1,7027} (a0001.tif-al702.tif)
£ Es (Table D).
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T W, 25 W, Y e HlFE s e E
93t} Adobe Photoshopol| A 8 =5 13719] HFe S 4t
Azoz a8 PSD gdql 279 3led Al (0s0001.psd-
0s8507.psd) .2 A Astgiet. 2 EH—"’%—T—J%—&A Bl ol
T3} WS A ofLe) Wz 24 bitscolorS 8 bits
color® Zo]|3, PSD & TIF Ifd 2 vleir] B33}
A (7+4 0.2mm, 3+4=7] 0.2mm, W72 8 hits color) 8,507
7} (0S000L.tif-0s8507.1if) 2 =HS-¢lch (3wl 5, 2003).

PSD g}l Ql Hu)Fodstedabe] 7+4 0.2mme} 34=7) 0.2
mmE 1mmz 534 F93dE e PSD 9ddal &
Hrgstedd FelM 1=% 602 Fube 34 (0s000L.psd,
0s0006.psd, ..., 0s8506.psd) 1,70270 & 3 T} Lol o] s S

._X-] U]-

oAl 90 (s0001.psd-s1702.psd), o] A= 7+ 0.2mm
7} 1mm=z =9} Adobe Photoshopol] 4] 3 ARH] 2,468S

4942 293, 3Aso] 14078 2822 E£9lom, o] A=
3437] 0.2mm7 1mmz 9o} 2 itz HEe &

o EAZF T3} "S- tpA] AL ool "z 24 bitscolor
= 8hitscolor® Zo|32, PSD 91Y-& TIF g2 ulze]r] F+
A3t} (744 1mm, 3:4=7] 1mm, 972 8 bits color) 1,702
7)) (SO00L.if-s1702.tif) & =S¢} c} (Table 1).
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WEgon] o u 1M AR sha WA 3hese] A
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color) 17§ (3da) & 2=l (Table 1).
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Fig. 1. Origin voxel and three axes of the image coordinates system (left) and of the view coordinates system (right) for both 3D anatomical image

and 3D segmented image.
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sl o3 Ak () Ak 494 x 282) & viehlie} (Fig. 2).
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G = 494%x1,702)2 epda, AAAESE (Z=D, 1<D<
494y A AR o34 (34w 282% 1,702)& vhe
Wi} (Fig. 3),

Table 2. Coordinates of the first horizontally sectioned anatomical

images (X=1)
1,11), 1,21, (1,282, 1)
1,12, 1,22, (1,282, 2)
(L1494, (1,249, - (1,282, 494)
A Al WAFT A9 (BYHCZ=D)%

282, 1)9} zZ9] 3}A A (1, 1, 282)2 AL} v ASSE Aok
Hod2dE el (Fig. 4).
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Fig. 2. Horizontally sectioning plane (X =851) in the 3D anatomical image (left), which yields corresponding horizontally sectioned anatomical
image (right top) and horizontally sectioned segmented image (right bottom).

Fig. 3. Coronally sectioned anatomical image (left) and sagittally
sectioned anatomical image (right).
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Fig. 4. Obliquely sectioned anatomical images, which are right-angled
to the horizontal plane (Ieft), to the coronal plane (center), and
to the sagittal plane(right).
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Fig. 5. Corresponding coronally sectioned anatomical image (left) and coronally sectioned segmented image (right), which are accompanied by the

name of kidney displaying beside the mouse pointer.
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Fig. 6. View lights projecting from the anterior view plane (Y=0) to
the 3D segmented image (left) and skin’s voxel colors projecting
from the 3D anatomical image to the anterior view plane
(center), which yields anterior view image of skin (right).
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Fig. 7. Anterior view images of the bones (top left), of the bones and liver (top left), of semitransparent bones and liver (bottom left), and of
semitransparent skin, semitransparent bones, and liver (bottom right).
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Fig. 8. View lights projecting from the right view plane (Z=0) to the 3D segmented image (left) and skin's voxel colors projecting from the 3D
anatomical image to the right view plane (center), which yields the right view image of the skin (right).

Fig. 9. Anterior view image (Y =0), antero-right view image (Y+-Z=0), right view image (Z=0), postero-right view image (Y-Z=0), and posterior
view image (Y =283) of the skin(left to right), which look rotating around the X axis.
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Fig. 11. Feature of continuous rotation of the 3D anatomical image, during which the view images are displayed with low resolution (left to right).
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Fig. 12. Initia feature of the virtual dissection software, which consists of the menus (left), sectioned images(center), and view image (right).
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Fig. 13. Horizontal (top), coronal (bottom left), and sagittal (bottom
right) anatomical images, in which the bones and liver are
filled with segmentation colors.
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Fig. 14. Segmented images, in which the outlines of anatomical structures are colored (Ieft) or the anatomical structures are filled with segmentation

colors(right).
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Fig. 15. 3D anatomical image of the skin, which is rotated either around X axis of the image coordinates system (left two) or around x axis of view

coordinates system (right two).
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Fig. 16. Sectioned anatomical image and view image, both of which
are combined on the VOXEL-MAN software.

AFelAE I, W, 2 37]
=l

S5t B, 0, ), A, )
&3, sE5R 4 A9 1342 whisksis
QNI R A ARTFEEE o 14

,]E

o.E: l-D:

N
7
Z5 ArS-

23]
9 AN FAsA, o e anraee 339
AT B ek ET oln) T A .
o] TS, BI)E Sol vxE A, H
ol TN, B W BT 32
ge7} 9.
3134 o S
o QTAAE SHAARALE 43, A AET
goz AvtaA Al Rele wA Silsh ke AT
HlE R A RS Tl HlaE e ARl Ade
e 1o & oot A A RelAe Bl
2ojx wA & Bas} 9o} (Fig. 16) (Schiemann et al., 2002).
o AFlMe Akl roide ARTAsdtoR ulgel
87 Sie(Figs 2,5, 13). The AFolA Askreisio e
HHE el b Askel el whERe o
AAA BA T Besk ek B B AT
%, 5 1417%4 el e e A u}%@_

ru\o _\-L m{n

)

34 14

34

& A Poﬂ R R P
o 29 Bert 9339 gE FeA & o Aush ey
& 7hed Shig Fobd wrlelgAe] wRg 29 Bast
3 EEAel J . sxEdlels B 9evt 9, o
=

£ AAEAFEL RFHE A4S 715 B et ik

189

3heded e o Aelshl delA ww Eeld ¥ 2t
aleh. o] AFelre 3xled e AelshA AdsiA Bu B
HA 1A s) SlaiA dske shEn gl B WE
glort ob mAleleh the AFelME ALgAAbeEE T
A5 g=e For) 9=, B7)S SolA] npere] o

EFE FE St 25313 (pop-up menu)7} HERY
A @ Besk ook w3 UYL BAEA B o PP
el 38193 4de] WA Bebrb SiA 3RIeiAE ol
Wkl M B=A] A ASA & et sin

o] dTelMe sz Fosdde B FuATA
A 3kl etz 3al T3k dE Rheslon, 3ak
- AL TAAYE A A== dusiA £ 5
%11 T dE Fa %H/H 04‘&1 EH TEES] 33

ow e Ardd, % sz}ow,

AME oot mE emeklow
gel o tavﬂ CEER R P EAE )
¢ 9 Aol Be A7AE o £ 7334, 379
A AR 22 Ed o8 e Aol wg @ Foldh

A4, AUA, AL P, s A 2Bl Asan
el W] (BA B ¥ ge A3 el W), 9

sf H.8} 5] %] 35: 305-314, 2002.

BAAM, AR, 23S A 2Ee A4
(A B zefstn d&dDshs W) o P ets]A] 35
297-304, 2002.
AW, @ A4
2003.

ol 4, AR, S, A, 5d 1 AT TR | RTx
2 o5]7] 918 3NAAT Az e o], o eha) P F7eH)H]
16: 147-164, 2003.

sPAdul, ARA ulkx A, k28w A L2 o) el Tin ol A} )

E71 O i Feasidh ByFAnd s ATy

he W), o sy st 3] <] 36; 141-153, 2003,

Chung MS, Kim SY : Three-dimensional image and virtual
dissection program of the brain made of Korean cadaver, Yonsei
Med J 41: 299-303, 2000.

Schiemann T, Freudenberg J, Pflesser B, Pommert A, Priesmeyer K,
Riemer M, Schubert R, Tiede U, H6hne KH : Exploring the
Visible Human using the VOXEL-MAN framework, Comput
Med Imag Graph 24: 127-132, 2002.

r

)
u
gz
o
oy
¢ d
il
N

s gldeld @ g, 29k A B 5314}, pp.166-169,

lo ml



190 2Z0| &K CII{ojA

— Abstract —

Manufacture of the Serially Sectioned Images of the Whole Body
(Fifth Report: Methods for Manufacture of the Three Dimensional
Images and Virtual Dissection Software)

Jin Seo Park, Min Suk Chung*, Byeong-Seok Shin', Koo Joo Kwon'

Department of Anatomy, Ajou University School of Medicine, Suwon, Korea,
Department of Computer Science & Engineering, Inha University, Incheon, Korea

To be helpful in medical education, anatomical images were made by serial sectioning of the Korean cadaver’s whole
body at 0.2 mm intervals. Successively, segmented images were made by outline drawing of thirteen anatomical
structures on the anatomical images. First purpose of this research is to verify that anatomical and segmented images
are correct by means of the virtual dissection of 3D (three dimensional) images, which are made of the anatomical and
segmented images. Second purpose is to verify that the virtual dissection is helpful in studying anatomy.

A 3D anatomical image and a 3D segmented image were made by stacking the anatomical and segmented images
and subsequently by volume reconstructing after both intervals and pixel size of the anatomical and segmented images
were reduced to be 1 mm. Virtual dissection software, on which the 3D anatomical and 3D segmented images could be
sectioned at free angles, and the 3D anatomical images of the several anatomical structures could be selected to display
referring to the 3D segmented image and could be rotated at the free angles, was made.

Astheresult of this research, corresponding 3D anatomical and 3D segmented images (resolution 494 x 282 x 1,702)
were prepared; and virtual dissection software, which could be conveniently operated on the personal computer, was
prepared. On the virtual dissection software, stereoscopic shape and location of the anatomical structures were
corresponding to anatomical knowledge, so that the anatomical and segmented images were verified to be correct. The
virtual dissection software was verified to be helpful in studying stereoscopic shape and location of the anatomical
structures. If the anatomical images, segmented images, 3D images, and virtual dissection software made in this
research are distributed worldwide, they will help not only medical students and doctors study anatomy but also other
researchers make better segmented images, 3D images, and virtual dissection software.

Key words : Whole body, Serially sectioned images, Three dimensional anatomical image, Three dimensional
segmented image, Virtual dissection software



