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— 0| 8=, HeolM, stMul, x|, FE5H —
Table 1. Features of horizontal, coronal, sagittal MRIs and segmented images

Dataset of images(File names) Intervals Resolution Bit depth Onefilesize Total filesize
H‘(’;Lﬁg’(‘)tf'ﬁ'}"ﬂrﬁmg_ﬁf) 3mm 512% 274 8bits gray 145Kbytes 87 Mbytes
H?ﬁg%”fi‘!fﬁgﬂﬁ%‘ mages 3mm 512x 274 24bits color 412Kbytes 249 Mbytes
Cc()(r:g?(?loiw.tiFfu—Scmﬂ atif) 1mm 512x 1,839 8bits gray 928K bytes 249 Mbytes
Cc(’gg'li?]?j“cg‘z;ﬂ?;agﬁ 1mm 512 1,839 24bitscolor  2,759Kbytes 738 Mbytes
Sezgsj;tgog’_'tﬁ'fgnsﬂm 1mm 274% 1,839 8bits gray 499K bytes 249 Mbytes
Sa(gsgg'lf?[“gtfgtii?‘)ag% 1mm 274% 1,839 24bitscolor  1,477Kbytes 738 Mbytes

Total 2,310Mbytes

Fig. 1. Segmented image (left) and outline image (right).

W7z 8 bits gray, T1 7+, NEX 2, interleave HlH) =
el AAERFEE $AM TIFF 5
(hmOOLtif - hm613.tif)= A Astdct. o] ) 273
Wolahe ofeel A WA ST, AA A7) T
(hmO01.tif) & iAd=te] 9 o= ZAA} A
(Table 1).

AITYRE Mo Y7
A3, YT eI
oju}. 2}7) 2w A} 6137H = CoreIDRAW
<] o] (10.0}, Corel Corporation™)= &7t} #}7]
g Al ol Rz 597 (Table 2)9] ©|F2]=
Fow 24 QATARGA 613)8 HE oL
o] CDR 3} (001.cdr — 613.cdr)2 #A&sldct.

AFAstd el BT e Lol WS
ANAA F 3134} (472 24 bits color) 61372 =
thof| TIFF 5} (hsO0Ltif - hs613.tif) = #]3}3}e]

]
e
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Table 2. Fifty—nine anatomical structures, which are segmented
Systems

Anatomical structures

Skeletal Skull (except mandible), Mandible, Rib, Stern-
um*, Vertebra, Clavicle*, Scapula*, Humerus*,
Radius*, Ulna*, Carpal bone, Metacarpal bone,
Phalanx of hand, Hip bone*, Femur*, Patella,
Tibia*, Fibula*, Tarsal bone, Metatarsal bone,
Phalanx of foot

Muscular Muscle

Digestive Oral cavity, Palate, Parotid gland, Submandi-
bular gland, Esophagus, Stomach, Small intes-
tine, Large intestine, Liver, Gallbladder, Pan-
creas

Respiratory Nasal cavity, Nasopharynx, Oropharynx, Lary-
nx, Thyroid cartilage, Trachea and bronchus,
Lung

Urinary Kidney, Ureter, Urinary bladder

Genital Testis, Prostate

Endocrine Thyroid gland

Cardiovascular Heart, Blood vessel

Lymphatic Thymus, Spleen

Nervous Cerebrum, Cerebellum, Brain stem, Spinal
cord, Meninx, Optic nerve

Sensory Eye ball, Skin

* Spongy bones of these bones are also segmented.

o} (Fig.

oy
—‘—U\__

1, Table ).
A7\t T sl g Ag by
HAFAL 715 o3 AF (cmOO0Ltif - cm274.tif) s} AT

o] 5}03 A} (CSOOLIf — cs274.if) 2742 (A= 512
1,839)% wHESIH o] W HAFdAE ollA EA

sk, A FAFod Al (cmOOL.tif, csO0L.tif)& wiA+



2ke] oF o= AA AT BE AT T
Aslod Aol g8 Mrolr] AJAFAL7) 3R o3 AR (smOOLtif
- smb12.tif)# A| AR )3 4 (ss00L.tif ~ ss512.tif)
5122 (B At = 274 % 1,839)2 wH=git) o] w AJAF
3dE AFM BA 3k, AR A4ked Ak (sm001.
tif, SOOLAif) & SAtAte] o2z Loz AA gl
(Table 1).

2.

2t s zo| 3xtAGY

HAFAFHed el M A7 IS A2
Tzo] B FelA o
o}-&4l] Al (Adobe Illustrator)
2 A7kstdet (Fig. 1).

3ds max A= E ¢ o (5.09, Discreet™)o| 2] €=
2]odA} 613708 =34 (grid) 61370l o} HlFE]3
2Hdod-s BHEglH BEAl Alelo] 74 & A E)
A wrgiet. o1& siske] HAAke]l B =718k 2]

2 &,
s}¢) (001.a - 613.a)

select and move

create name and color

o3Ake] 74 (Bmm)e A mEA Abole)
AARsG T, o] 7H4L wr37] (customize) <]
A 7317 24 5}7) (grid and snap settings)e] A

3kt (Fig. 2). Bl 7234 613705 =eAl 61370

(00La)& =M AA =rAel ¥oked, of
oFw 7| (front view) el A AR HF2]d AL A
Al Aol wom AA elFedate] A%
o2 AR Bl Sofuioieh mpbA] Wpyow
vz HFE 3 612705 shbd Ber] Zhzte]
iAol Fokeh HIFE NS BE FobA whE
B F2]3x}d g S MAX gt 2 2 Abshed
a7z 4770 ERRI3Al Y e el 6
5971 FollA dAZ F3]

H 7=

T 1517 o2 T
Z 1270 (5w, 25, ok, 93 A=, 23 &

N, 7 23, b, 2, Em)E W YA 3

— customize — grid and snap settings — home grid — grid spacing
—— pop-up menu —  convert to — convert to editable mesh
— modify interpolation —  steps
—[ editable mesh polygon — edit geometry extrude
I L
vertex — edit geometry —  weld —  selected

Fig. 2. Menus of the polygon method for manual surface rendering on the 3ds max software.

s
e

Fig. 3. 3D image of the skin outlines (left), 3D image of the skin before coloring, which is reconstructed by the polygon method for
manual surface rendering (center), and 3D image of the skin after coloring (right).
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Fx avle) HEe3AAAE eV ssls
(Tabled). |23 03 Joll A} 7} s 3722 o5

Table 3. Forty—seven anatomical structures, 3D images of which
are reconstructed

Anatomical structures

Systems (File size of 3D images, Mbytes)

Skeletal Skull (3.3), Mandible (3.2), Rib (3.0), Sternum
(2.7), Vertebra(4.0), Clavicle (6.0), Scapula
(6.0), Humerus (6.3), Radius (5.0), Ulna(5.0),
Metacarpal bone (4.9), Phalanx of hand (5.0),
Hip bone (2.8), Femur (5.2), Patella(4.7), Tibia
(5.2), Fibula(5.6), Tarsal bone(4.8), Metatarsal
bone(4.8), Phalanx of foot (4.7)

Parotid gland (3.1), Submandibular gland (3.0),
Stomach (2.7), Small intestine (2.6), Liver (3.9),
Pancreas(2.6)

Nasal cavity (3.1), Nasopharynx (3.2), Orophar-
ynx (3.2), Thyroid cartilage (3.0), Trachea and
bronchus(3.1), Lung (5.6)

Kidney (3.3), Ureter (2.4), Urinary bladder (2.6)
Testis(2.4), Prostate (2.4)

Thyroid gland (3.6)

Cardiovascular Heart(3.9)

Digestive

Respiratory

Urinary
Genital
Endocrine

Lymphatic Thymus(2.7), Spleen (2.9)

Nervous Brain stem (3.3), Spinal cord (3.2), Meninx
(3.4), Optic nerve(3.1)

Sensory Eyeball (6.1), Skin(4.4)

Total (181.0)

25 FeA 74 &7 xe] HFe3AIGdE v
E ool 94 MAX i 2 AAslge B &

o 732 BFelg FelM w)pe) dFel3nele)
g wHEE (Fig. 3). o] W 7 spxe) Hel
b 2 midel i

w
3
o,
o2
o

HFE|3x 43 Al vgol B3 YA T3}
oJALS- THT) 3ds max AZ E oA 7t FHBRF

29 el e3Aled e Fel mopd dlFelazal
Jifo] Sletel = wiZskA] Al (Fig. 3). HIF3
Agdedapel Sloll = Wl Tl shekod, & AT
oJstod el EH oM, YT st gel N o RT=
o] HFels 5oz 1R vl R4t HFe
3apAE oAl THE ggell H R34 dAE
oA A

3dsmax ZEglefel ) 2t iTxe) Bl wel3
21 AF-S- polygon v © 2 surface renderingl A
7 S nTx0) 3L SFo2 ATANAG
(Fig. 3). o|% FI3te] o= s -7ze) B FI374
JAlAM AA elF2]e} EA R Atele] A
3} A Bex A ek

Az ol slnFzel dFeisAddte ¥
thgel Al AA HFHE g ez v
Nem, o] Aztz tzige] AA R =%

Fig. 4. Polygon method for manual surface rendering between the first and second outlines. The first original outline is converted into a
polygon (top left to top center). The first outline is extruded to the level of the second outline to make vertical rectangles (top
center to top right). Lower vertices of the vertical rectangles are moved to the second outline to make quadrangles between the
first and second outlines(top right to bottom left). A triangle is made for fitting the long and complex second outline (bottom left
to bottom center). The second original outline is deleted (bottom center to bottom right).

150



Al H o (Fig. 4). o1& 13t AA el Fels
B oSl B3 & (pop-up menu)e] w7
(convert to)e] 13 71E-=2H}FL7] (convert to editable
mesh)E =3t (Fig. 2). o] W AA ©Fe] £+
EHE 719 AR WlelA g4 BAdE
H=s A e (Fig. 4. o $13te] A
T gAdgew uirle| kA 31%)7] (modify)
94 17& (interpolation)©] =+A| 3k (steps, 1 - 100)
32 dFsAn (Fig. 2). =4 T Foll
A AR EFE 9} o] A o= HIFE L e A
$oll= o] B4 HFE = vy whgozr ozt
318 H]_‘”O-h:]-

A= AA HFE

Y A es o Fedl 2R BHE

A BeA7i BolA] o

(Fig. 4). o] #l3led A BlFels 22 g3l =
A Abele] 7+HAE 1A]7]1¢] nAIE (editable
mesh)¢] ©}7+3 (polygon)2] )3 114 7] (edit geom-

etry)2] 7] (extrude)2] kol
=3t (Fig. 2).
AR = AR ] ol TS A Bl F
g2 Zojx AA HFEe} =4 BT Alelel] Af
Zred& Aot SRR Y o] BAAHE EA

T
HlFez Eglown, o] Axz 434*4*}7‘%‘& °]
a1, o] A
°]

qHE o5l WE

—|m

Ao Aoz wg
A} Aol el SeIsiel (Fig. 4)
%%}oﬂ w3718 A TEe] HAA (vertex) & =
Fr] €A o] 7] (select and move) B 2 t}go
’“E_i ARG L] ol BAHE EAH BT
g2 Z9loh(Fig. 2). o] o off &A|HE F3d
xZF, y&, zZ&o] Yl x53 yEE 24 =F
Aol Fel Felgla, 252 B/ BEAel 39
Folgitt. wEbr ol EAHE xEFH yHFo=ET
Lojr ofd] TAHo] EA HipAlelA wlolulx]
%A st
UAz AR elFelet 24 HFert 2ol g2
W AA elFe]et BA BT Alelo] A4S A
Aok 24 ElF27h AA HFE g €4 o 2A
v B23shd 24 HlFEe o g IAAHE
A A S AhEglen, o] ARE HhEeA
2> mA gt A4

o
~

=
=

l‘—4

ol

A

92 W] A o]} (Fig. 4).
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Fig. 5. Part of the polygon method for manual surface rendering.
A triangle is made for fitting the short and simple second
outline (left to right).

o2 9lstel wH7)e] mATES GHe] oYm
A7)9) A=) (u)E 2 kel Aol ol
A Abole] mAEE ZHIA A EAHE 9

=
=]
=

B9, AFAE o] 9 EAAE FEEA A ZAA
I} 9] BAAEL o A BAMTE uEg, A &
AAe B4 "HFE= T (Fig 2). 4 °H52

7F 3A dre]ie 84 v grg 2kl B4
glFe]el o 4L AL Fo AAHE U
At (Fig. 5). o5 $lste] Ap3de] ofe HAQ 2
e 2 el 1A7)e] 1AIES] HAA
S|P 32]7)19] 3A]7] (weld)2] 224 (selected)£
A FAA 208 Uiz R ol ZAEE =
A el 2 Zo(Fig. 2).

oA 2 Al 4 ElFEE Aslen, o
Atz A A o mAjR|E o] ol
g3l T4 HFee] =28 s HUuH (Fg.
4). o]5 S5t I A HFEE =21
A4ge] %]9-7] (delete) w22 o}

AR elFelzE Dhela, 24 elFelzt 270 (e
Feloh e R Agels AHAEE GEAH
Aot A= AA EﬂT 2|5 JHFeleh BT
2lz eslek(Fig. 6). o5 $13te] 22719 2
&2 G2y e) ¥y A7) AzT)E -
of A ElFe]e] HAA Abe]e] mAjE

=2
T

=
s 29

i=]

El

A A BARE WENT, e FAH Afele] 2A]
gg 2Yaa A NS = Eglen, o A3
= A %44 208 ox 2AelE AA= 34 H

Fe7h deres e 2d w2 Ux o (Fig. 2).
Az AR dEFes B4 2Rz Pl
QFAAAY S e (Fig. 6). A=
HAzE o] ol HAPE A AHFE|E FoiA
A delFelet 24 QElFE] Ateldl AL

/\
247



Fig. 6. Part of the polygon method for manual surface rendering between the first outline and second two outlines. The first outline is
divided into the first left and first right outlines (top left to top center). The first left outline is extruded to make left vertical
rectangles(top center to top right). Lower vertices of the |eft vertical rectangles are moved while the first right outline is extruded
(top right to bottom left). Lower vertices of theright vertical rectangles are moved (bottom left to bottom right).

At o2 AR e BHFEE A EEAZA o] |72 3xdANS AN FA A (Fig. 3). 3
oAl e EpA A S eSS (Fig. 6). YA ap1ed kel mE AbAE ) Abzbel] 543 WS
2 S EpAAAE ] ol BAAHS A LH A3 31 (Fig. 3), 3x}1°34-5 MAX FHd =2 A A3}3]
T2 TojA AA EH T A 2EH T ok ol5 fl3le] 3AdIAE BAE ' o3l
Atolef] AbZEE A ok (Fig. 6). THS57] (create) ] o] F34l7Z (name and color)S &

AR elF2]rt 270 (LEFE ek eeH TRl A EAF wAS AP on (Fg 2), o] o A
=4 HFE7E Uil Asele A S A E Bl Fej e} wiAe) el Fele] o= ZEE Hlzo] A
At Az AA delFeje) e 2 TS A 3ot A=) F3 35 r=w Was At 33
EEA7HA] HelA] A a3 @ B2 AL AA, = A A o] HoelA] ok 33kl
7S e (Fig. 7). A2 42232t Aol vrebdaL, oA Apge] F3 g 2w Bz
RLESAAAAH L] ol BAAHE EA HFHE S ApA] o2 3R, S AR A o
Eolom, o] uf pA|AALZE ] ol mAlE] 1Y Hol= 3zkdedde] vebget (Fig. 3). olA7 wlz
oF QBRI AR 9] ol mAlE] UH7F Aol A <+ A 3PS MAX Fd = AAskede 2
217 shdek (Fig. 7). A = 712 A ofel mAje < WS HEolEA slRETx 47709 3AA3A)
215 dHoH, o] Aztz g8 U7 24 HF < AFA sk (skull-3d.max, mandible-3d.max,
219 =28 3 Hdek(Fig 7). o] & flsted 7<) ..) (Table 3). o] wfj 3x}edodAke] =l S| 7H4
AA BAAH 205 18 vgol, 279 aAIE Fglon, o] Az oy 3AUFALS I By
o] BAAL 2y x7]9 #§A719] FERE = Rtz 912 #AE & 4 slslek(Fig. 8).
A BAA 270 Dz d3em, o d& W o
= Z ol 3kt (Fig. 2). 3. A7|3HAY, TSN, 3RALLS

AR el FElel R R Alold] AR At L4 BHE AZE o] QHET|

& A WS U 2E HFE Aleld
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Fig. 7. Part of the polygon method for manual surface rendering
between the first two outlines and second outlines. Both
the first left and right outlines are extruded to make left
and right vertical rectangles (top left to top right). Lower
vertices of the left and right vertical rectangles are moved
(top right to bottom left). Neighboring lower vertices of
the left and right quadrangles are united (bottom left to
bottom right).

Fig. 8. 3D image of the skin (left) and that of all anatomical
structures except the skin (right).
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1o} (6.05, Microsoft™) = 7l 4-HFEM & 5
e AZEQ S vhEN AIFR I 793
A 3RS FA" BA sl Al B
3, W A A EE e Tl 3 e
A7) 5o e 8 vl WA e AT
2 ViE F=A BA stalo A emd S
M B3 AN BA sglen, A A5
el Eolste T3t A A skl
s 4770 3 Sl A Q=

o2 AAM 28 Al At 277
SHA = MbEsl sheelM EA sklan,
A B FAAM BA s, 234 BA sk
of wj 3zp<led ¢ AL (perspective) o= A2
A BA sk, 3akd el I-ARE olM B
Al sksdet. 7o sted gt 3xded el vebd 3
Hxe olFw BA siH Be e E41E
A} 22} AYo| E (user interface)S A BA] 3tit)

-

2

%72 470 3AQQAE s A7) 3
Hejadol ] BAZ FAT NETE 47N 3RQ
Qe ISR, o UG UG o]

MAX Z}d o]l r, AA s}d=7]7} 181 Mbytessith
(Table 3).

3x}dedibe]l dfAl = Zulgtel. 3ds max AT EY]
ofof|A] 7} s RFze] AU AE EEA B A,
3zkdod el ALY SRSt R Ao Eoisksk
(Fig. 9). 7 & -7=9] 343 A& whEgst 7)1,
o) 3ozt T4 SN B AT, 3
o $1A7h ulsieh. o) 24 slETe] 3xK194
< WA E=A B A, 3xk1edAe] 914 #AL
Lakst} (Fig. 8). 9]4-9] 3xpledAs =9/ & 2
3, 3xkdodAkel AT AdAre] Abzlell Seoigt
Sx3 (Fig. 10), A A 57k v]&ell Eoiuisie.
A7 F7 3, T 5ed A, 3RS 44 B
AZE oS i3 o] AZE o= sfal
AFECIA & 5 sk o] AZEY e 3
el gz & 4 slslont, A FE eIt +
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st go] glom & 4 glslch meby o sxe
o) (U] SLMEyeE 271 S A1
Hejash 79594 (hU ] 2310Mbyte & &
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Fig. 9. Rotated 3D image of the femur. 31/\1 o] 98 MANS WA B 2 gleldh, ‘ol
Az oldol 77| w5 Wae oo} }7]'
DS EEA NS olFel 9AM & S 9l
3z, ool WAAN Heprh H3ojx & %1041:}
SR Fo B3 QAA & deid Nz 5
ofgte 27|FHEdT FAFEYSE ¥ & —’,\—
gleliet (Fig. 11).

B g2 8 v S-S 209
s A] B S o9l 16u71A] BhesiA
At FrekE] (scroll bar )2 &4 & st
HeJale A B 4 glelth AFz ‘%‘1—_4“_6]—7]

T2 A et B g () &

Fig. 10. 3D image of the skin (Ieft) and photograph of the volun- A B 5 Sl S FisiA B 2%7:]
teer (right). A B3 EasA B deid A2 Sejgie A)F

Fig. 11. Corresponding horizontal MRI (hm306.tif) and segmented image (hs306.tif) on the initial feature of the software (left) and other
corresponding horizontal MRI (hm326.tif) and segmented image (hs326.if) (right).

154



- .
g~ R

A

AN FefsM B 5 T &AM B S 9
I FRTFEL o]FS B 4 Uk 9A BatedAt
I AFAE B el M2 Bed: Aed
JAabzt Fostedate B B 4 gldch(Fig. 14).

3RS 47 HE Az e Fne
[ e S T

Z7]3pdol| A T 5-9] 3xUIAFE Sl & 4

alsieh. 3 A A 2AE
i = 4 sIsie Fig 19

2571 wEel A

S0 Fol ool §n7eo) AURE
AAH B9 ¥ 4 A AT 50 2 E o)
7] P L Wﬂtﬂoﬂ b ¥ 4 gl
o ER 93 3RAGLE WEAA BEAM &
4 qlgieh w1 e %—oa JHA ERERERE S
S wrEw, Be dpTas) 3AYE 2EY
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Fig. 13. Name of an anatomical structure displayed beside the
mouse pointer on the software.

A RHEeiA & 4 slslH(Fig. 16).

ohee] wE A4 3RIdE Bglel (end-
lessly) BHelalA B 4 Qloloh vhg-2o] intel
=gz 3 WA FU 3xLA4E SAA
2 2 9l (Fig. 17). A= 3x}0odAre 2o w)
g2 224 2 4 A

npg-20] FE WA T xe] 3AAS
%g—s—éé_i =E feklz #slel (continuous-
ly) 2214 & 4 ik 3xpdodAs Aibios
ﬁ‘} 7] 25 I/ B3,

ol A7 SR
2 2 2 % U (Fig. 18).
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Fig. 14. Corresponding coronal MRI and segmented image (left) and corresponding sagittal MRI and segmented image (right) on the

software.

Fig. 15. 3D image of the skin on the initial feature of the soft-
ware.

Fig. 16. 3D image of the selected bones (left) and that of the
semitransparent skin accompanied by the opaque liver,
lungs, and meninges (right) on the software.
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Fig. 19. Name of an anatomical structure displayed beside the
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Fig. 17. Zoomed-in 3D image (left) and moved 3D image (right)
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Fig. 18. Rotated 3D image at free angles on the software.
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Abstract

Three-Dimensional I mages and Software for Studying
Anatomical Structuresin MRIs

Yong Sook Lee, Min Suk Chung, Sung Bae Hwang,
Gi-Nam Wang?, Seung-Hyun Yo0?

Department of Anatomy, Ajou University School of Medicine, Suwon, Korea
!Department of Industrial & Information System Engineering, Ajou University, Suwon, Korea
2Department of Mechanical Engineering, Ajou University, Suwon, Korea

Medical students and doctors should study the appearance of hormal anatomical structures in the magnetic resonance
images (MRIs). For this purpose, horizontal, coronal, sagittal MRIs of a healthy entire body and corresponding
segmented images were prepared. However, it is inconvenient to select interesting MRIs and segmented images; and it
is difficult to understand how stereoscopic anatomical structures appear in the MRIs. Therefore, in this research, a
software, on which interesting MRIs can be conveniently displayed among the horizontal, coronal, sagittal MRIs and
corresponding segmented images can be displayed together, was composed. And after stacking the segmented images,
three-dimensional (3D) image of each anatomical structure was manually reconstructed by surface rendering. Then
another software, on which interesting 3D images of anatomical structures can be displayed and rotated, was composed
too. These softwares are expected to help medical students and doctors understand normal anatomical structures in the

MRIsand read pathological findingsin the MRIs of patients.

Key words: MRIs, Anatomical structures, Segmented images, Surface rendering, 3D images, Software
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