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Three-Dimensional Computer Graphics in Otology

Sung Wan Byun, MD

Department of Otolaryngology, School of Medicine, Ewha Womans University, Seoul, Korea

$27F Aa Sle AAlE 3Akd %7 tolH, SJAlEo] tf
7] WAl (object)
olg] 714 7] =5 8 ARged

7'4/\1 7 ]%&ﬂ‘%(smple x—ray, radionuclide scan, cepha-
lometry %), 9%%¥ o 9= (a stack of sectional im-
ages) = 7150]‘1:((:'1‘, MRI, SPECT, PET &) WHE
AHgste] a3l stot

AAl o]eks HEsE ofulQl
e AgsHA 715, 28 F ode
A5 (CT) & T2 AHsta ok 7+ 5
ol 7158 23 Hdo) o o
AFS9] W] ZollA xR o AFAE oge sk
= dso] ditolth A W AR VR A3
1 ola] W oRR 3R] oJAF Aol HelE flste] 241
o 32k YAE AFAISE F-(reconstruction),
1 A= tA] 23] e BojsE AE ™ (rendering)
7E AHsIE gtk 7124 0% CT, MRI 22 9%
oA 9 AE = volumetric data©]”] wiiEol, 214
o] volumetric data® FEA(=A1Z3}, visualization) 3H=
o] A9 (direct volume visualization), polygon
mesh 22 3 W7/l&E(F2E surface data) = A|72435}]
AZ+alEb7)| = 3ttt (indirect volume visualization). A}
9] 790 3d3H= Z1o] surface shaded display (surface
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rendering) ©]a1, AA}el] d|@sH= Aol direct volume ren-
dering, maximum intensity projection, multiplanar re-
formatting 5©] Qth? o] T 7}#)¢] AHL B2 hybrid
rendering 7Y% ¢lo] 74 YA (virtual endoscopy)
So] F2 AR9TE2Y 53] surface rendering®] Z-9-¢]
= prosthesis A Y 20 72 (d&Aoz) malgsh
3ak mdll g oke] H9h, &3] Hud PCE shesol
GPU (graphics processing unit, ¥42] WAL graphics
27 0148 2= 9= Aol ekl |4l Yr] wit
¥ GPUES 55 surface renderingS ARE-slar Qlth o]
d GPUS As 4 e 72 PCY 3D A e
of 3]l A oZ PCO 3D Al ¥ surface render-
inge AHE-SE dIXl& BrAfstar Q7] wiEolth

olgfgt 3xk HIFE 2T Ao AREEE FEY] o]F
& 5, 3R AT GRS 7R A 0w 33k EA V)
:‘}_6‘]— tﬂhﬂ e ALY )\ﬁl—;ﬂo] o| 23} AFE|E o]L3H
?i/}}_o_i O]EOV% O]‘“/P ol AAA s A
AL, ] orbEo] A aE
/\JOE T8t “ﬂol £ PoIqlths e 4
HatH, gARE©] o] Jtote] zlo] #ostr] o
A7F ofuetar Azbsitt g o]l o]&o] opde|®
skal, ek AFH Feto] dEo] gtk A wiE
e oapEo] AARS o] ohetal =7]al
717 7 o] thas OHJ—OF &sfolt}.

53] o8} ol SFEe e el nlal] 3xplF
O % wAgt Fro] Wol 374 A 2dIAT -8
ot FoRdl Ao® AYZfetA|Rl AlZtslehs WolAE F5
Al A ARl o 2 o F-olel vlal
2 A9t FHof Qlok EaexE o]ef tigto]n|l
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A
7I8AQ A 1w, A, AR wefxf e o] el o

T3} ARzEe] HA SulEhs HHo®, 3 1EE Al
slo] 7rekelA ws] BaAl &

o,

L=

At YA AU () 22

o|AL F7 3xY TgeA oFE)AE (3D graphics art-
ist) 2] k= AYow, obFAE Gl 7MWl 33t
A 7P3AQl 32k EA1E W] 7hH=(build up) #HFo]
o} olgsh e A F2 3xkd Z9e](modeler)
AIZEYOE o]gate] o]FofKit}. A= st At
F A &5F TARZ el Y] FE FasdHoelA
(workstation) @ =3 HAFE| A Fjo] o]Fo]F o
u, #Helli= PCO) CPUSE GPUS B|eFA <l A5 3437}
ol vy §89 T o= PCollA % Maya, Rhinoc-
eros, Hexagon, 3D Studio Max Z<& Hojd A59] »
defs AAd A HATHFig. 1A).

Fake] elgo]l= polygon modeling, NURBS modeling,
subdivision modeling 37k €] o] F& AR a1 Qlth

Polygon Modeling

2akelolA] 871, 397, 10750z Aol 2
FA5E A o 24 ol A ol@A Hae
Ao QRO vkl A, FHE G A4
43} Ak 0w 2N

BRI Sl e

H{A{ 2}

=Rl A Y dr g sk Woltk(Fig. 1B). 7449 =
932 o]t QlAlo] thdt surface rendering .2 7}
# Wo] AM-E 3 91 marching cube algorithmE" ©]
polygon modeling¥} -2 A¥=-& A&t}

=

NURBS(Non—Uniform Rational
Basis Spline) Modeling

Control points#}il sh= A& ZF A9 74| (weight
value), knot vectorg ©]-83to] A3 8t 07 3t Ul
S 7)%ek= WHo]th(Fig. 1C and D).” Knot vector
+= control points®] #-8 919} W4, 2419 2= (degree)
£ AAste], knot vector®] ®gkE 242 smoothness
9} curvature® 4% = Itk Polygon modeling®]t
subdivision modeling®} E¢] o= FHwo] 23 =H2]
AL obd AR ARI 8] 814 V]zolt). 2xflolA
45 78 tEAQ algorithm¢! Bezier curveX: uni-
form non—rational B—spline®] d|dsh= 71 2.2 NURBS
9] E4:31 790tk (non—rational B—splined E5-3F 7
£-9] rational B—spline®]al, uniform< non—uniform)
E538F A9olth. 2 /9 control pointFHeEE A2
Qe F4 W FUE Ve Qe FHo] Slo
Ho] FAE st 4 A% el A (CAD,
computer aided design) = AL o] RdlFo] ol1
Qltt olAf|9] thE-E-2 o R oo o], 1A 59

Edo] AAs v olA9t polygon modeling®th T ¢

Fig. 1. An example of simplified ossi-
cle models. A rendered image (A)
and an example of polygon model-
ing (B) for simplified malleus were pre-
sented. A NURBS surface model (C)
was generated by lofting multiple
1 NURBS curves (D).
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oli

o|nfstel 3D e A

A& FA At o]2S @8t CT, MRI 59 o4
i i 9d AREFE A NURBS s9s A= &
U o] ofx g o] glA] do} NURBSE o8-8t
g =2 obF Wl =R, IAE Ye Blud o

281 ok A2 (long bone) o U3k =F-So|c} 6
Subdivision Modeling

k2 el (coarse) polygon HHOZ FAJety, AA3 if
Ao w2} WA 9l (iterative) AL 324 (refinement pro-

cess) & &3ll, B 2= polygons 2 & (subdivide) 31,

el ZARNTIE Weolth(Fig. 2). HESIFE SUFS
el o s AR 7] (data size) 7F A= @
ol glof, HAel we} e Sl s Agtele] ARg-itt 2
ool wh AR eSS vE2A & 5 glo], ==
o] & 9l F5t AL 5o why, sy or B
g ol B Sl WS ARgehd AL AR AR
T 5 aetA] AE BEY Qs Aol Atk
TAHo(Cs7HHel) =P vs
Zamol (+2m0l) 2de

olelgh 379 e ofElAEES] Bl WAe mal
3} g, CT, MRIZ S 324491 4 (CTY] 4%
= Hounsfield unit,'” MRI®] A% signal intensity) 2]

UAdZRY AFH el gs it o R 3akd Rds
ArEdte Yol Sk ol Rl VR Ane
volumetric data°lth. elA Hsh= SF= CT7} vl
o)7gl P 7P thEAQ! volumetric dataghal &
T Ak dAl ARgeke dNEARl 5= CTY A%
slice 3R 7R X A& 512x512=262,144719] A (3}
4, pixel) OF& o]Fo|z Qltk o714 11ty - AR
<& 717 gl ARl g2l A (point) % @] Q3]
pixeloll= 3717} 93 (pixel spacing), CT slice® 7
7F Sl SRl 9w wid g FAE 71 slice
2= Zo|th(slice thickness). o]EA A48t F7A7} ¢l
= 2219 HH oA ALR-E= pixel (picture cell) ©]7F B34
g2l voxel(volume cell)olgl F2& Flo] v Agst
dolgt & 4 Qlrk webA CTell 3l ate] voxel>
pixel spacing %79 7129} AlZ 2] ZdolE 7FA 1L, slice
thickness RF=9] #0l5 Ad A5 o=2 Az 4= Q)
1L, 7} voxelg 72 A7 E vbEel dfdehe 1A
el gk Jr.(HU) & 711 volumetric data?! 71|tk

A SFF CTol ARE8h= 5749] pixel spacing= 0.25
~0.33 mm ZEE 4do]ZE 1 mmol 3~4709] pixelo] &
o7h, YolZ+ 1 mm’ 9~16712] pixelo] Soj7H=
Aolt}, Slice thicknessi= 0.6~1.5 mm® ARE-8}al k.
=+ slice thickness7} S5 94 AdapAnt, &4
F-2lol oist AR G] 9 &L Sk, slice A7t @
obA A% F3+s o AASHA Hrh

Fig. 2. An example of the subdivi-
sion modeling. A crude geometry
model (A) can be refined by one
(B), two (C), and three (D) itera-
fions.
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HAoll= ZF voxel®] $IA(FEED & 1 voxeld HUR#E
& CTEIE U7 7IAKeE delstat oabante] &
T UARAEE, PACSE] Hypol mhet VAR R PCollA
DICOMeleh= &0l sl AAH R o] Jus 92
A =

DICOMZ} PACS

HE 1091 HelolA dofd 71 & Wsk= PACS (Pic-
ture Archiving & Communication System) 2] 5243 &
w4 Aojt}, o]& <lste] 5 FA0 ARE EA HA
om AF 7hs, BAFY &0l s &4 glo] Hng
slidet} Powerpoint 42 o] Y& 4 Qlvk= A4 o
ol e AERAE 3 Hh= system O A4 AT
F21 adjE ‘"Eo] glE=(filmless)” WY Alti7) oln
T3t Floltt, o= A A& (data) A A (hard
disk drive), &% HFE D(network) %, 3H& @
A 8R= 44 RUE (LCD monitor) 2] Ho] A8 Al
71 o] §-HA A=HoR F4% REg 7FestA o A
olg} Azsith. o] Hyol ke F gle Fod 94E
DICOMol&H= ®¥d Aot} DICOM(Digital Imaging
and Communications in Medicine ; 32} &3] A] http://di-
com.nema.org) < &8t 9 AR W A5 e, AL,
B, W AES 98 oA Fo|th o= i Ao 4
9] (definition) 2} FAlell 541 TFeF(network communica-
tion protocol, €1E]Y protocol TCP/IP 7]¥h) & Edtsir}
o] 79 EAZ Simple X-ray, CT, MRI 59 A4 &
o AAE Adshz A 2 PACSE A&ehs A= the
=7k ME o 3Ake] 717] Afole e AkRe] A, 1
gho] 7hsald Flolh ol % RFEst YuA W
Ql= M=}l K-71= (Electronic Medical Record, EMR) ]
Yo W)Zo] % w), DICOMolel= Bx9] ZA7} B
K QItk DICOMe] teh W&t R Fafo] wobx|mw,
Vol FE2 32k A AT TP AEE et
volumetric data source®@A] DICOM 3}2l9] oJu]E o]
sh=dl st HAe] Yeuks skl theelar stk

A oju]IFH JAol|A Ageh= S, FHls, T
AE CTe BT 712 AT 512X A2 4% 512=
262,144 Pixels (256 KB) ¢] a2 7FAaL 91om, pixel
F 2ulo)EE AR|EFEE CT slice = 512%X512%2
=524,288 Bytes(=512 KB=0.5 MB) & AA|3tt}. 4|
25 87, B, AAF 2 98] ARE Xgsto] o=k
0.51~0.55 MB AEZS 2H3H(AFE = 1 KB=2"

o X!

rl it

H A 2f

O

Bytes=1,024 Bytes, 1 MB=1,024 KB=1,048,576 By-
tes). AR A% &S o] St T FHXF
9l simple x—rays IHE AAsbd G4 1349 =g
%ol 74 MBel ajdst7] witel jpeg &4 o5 71H
& olgsto] 1/20 AERE F5 ARSHH, CT, MRI 22
o] JAF 2} (sectional image data) = F-£4 (loss-
less) jpeg 2,000 &= 71" (lossless jpeg) 0 Z 1/2 JE=Z
U58le] A3 ARk 0= slice P, Rkl DICOM
A (FE .dem AR 94) o] vbzolA |, gt He] CT
AAFE 30~1009] slice image?} WHsolA|EE tjek
15~50 MB(jpeg 2,000 $+53hd 8~30 MB) %=2] =
71 frh

gAd bt st AR 3+ (bmp, jpg)ell #
AR, FHlet AR, 7R AR SRS Rt o] Q)
ZAd, DICOM ZHdell= (1) 848 o olF, Ad
o, A, WS sl g2 7R 1 AR, (2) MY

)

e rir of

{o

N2

o,

5, 2971719 ol&, #9& g U i} o]
< WY AE (3) #2Y A, 2P 24 s 22 AL
R (4) 712 M= X5, slice thickness, slice interval,
pixel spacing & 9 FH (5) 7H & A% 31 2
sk G AR ZAATE 501 vk 7)ol A AR
ipg(peg) FAOIUhtif (tifh) B4 22 GuH#I<l image o+
do] & % JANE CTZ FH 9] 94 A5+ HU(Houn-
sfield Units, CT number) & #9c}H(Fig. 3).

B 228 dEolAe] =3 3719 AR 3 Al
Lo, Mas 0183 242 HUpo=-1,000, HU,;=09]
e TS 7t B WAk 74 Al (attenuation co-
efficient) p¢& v 2 102 normalizedld s}
£ 249 WA 24 AeE Huwsz 78 & 9
o]x= %2A9] radiodensity o3to] z2lof| upe} vl A
A ghS 7Rk AR digk 120 HU A5, &
F2 +40 HU A L=, W= +400 HU oo ASHr),

O

lo
.

A f
o= Mooy
g

N

0008.0020 Study Date=20040708

DICOM Header 0010.0010 Patients’s Name=AHN ---
0018.0050 Slice Thickness=1.5
V=R - \ 0028.0010 Rows=>512
(612x512 pixels) \ 0028.0011 Columns=512
(Hounsfield \Unit) 0028.0030 Pixel Spacing=0.3125 0.3125
o J 0028.0100 Bifs Allocated=16
> X" 0028.0101 Bits Stored=12

«Image Datai

0.3125 mm/pixel — 3.2 pixel/mm
1.5 mm thickness — 4.8 pixel/slice

12 Bitsrange — H.U. = 0~4095(212—1)
— H.U. = —1024~3071

512%512% 16 Bits (2 Bytes)
— 524,228 Bytes (0.5 MB)

Fig. 3. A DICOM file has several information and image data.
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ojatste] 3D J2fm A

M~ 20
K120~ K air

HU = X 1,000

Sl ipg 9] F$-olli= 0~2559] 256(2°, SHIER %
& 7bs) @A AR E 7HA AL A%, DICOM 3 HU S
79 0~65,535 FEE -32,768~+32,7672] 65,536 (2'°,
16¥ER X8 7Fe) DAgkS 7FaL Qlok HEe] ojn]l$-
W GoellA ARgsh= HU AmH 9= -1,024~3,071)
4,096(2" 12 M|ER 23 7Fs) eAgkS 7Y dukA
9l QIZFS] FOoF= 256WHA] o] Was s
ofg¢E®E, FFolv BYEeE 4,0969AY 65,536
WHAZ Hds BABAE geth BE 25T BUHE,
0> 54 FHoigh 255 WA Fhgtk 1282 3| o= &)
o] 1 Aol upel 25619 9 s MAIsh whet
A Y ARE BUE sl BolFAY, jpg 5 9%
w2 M3k A o)) ARgeE A 0~2559A19] AFR
WS ALESHA "k olol= 4,096H1E 2569HAIZ AP
(%5(%, mapping) 3F= ¥g¢] HQ3}t}. o] mapping 2H4
S AA8k= Zlo] window center (=window level), window
widtho|t}, o] 7 71X]€] FA]e 23], HUE 256 %]
9] Wtk (gray value) 0.2 HEH T (Fig. 4). 34 v&
U

Gray =0
if HU < (Center — Wi;z’th)
Width
HU-(Center———)
Gray = Widih X255 ;
if (Center — Wl#dth) <HU=(Center — Wi;z’th)

G=(H-(C—-W/2)) X255/W

H : Hounsfield Unit
C : Window Center
W : Window Width

'

Grayscale Value
0~255

253254259

Fig. 4. Hounsfield Unit (HU) numbers are mapped to gray values,
which is actually used in displaying the image.
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Gray = 255

Width
2

if HU > (Center + )

o] ¥ gJste] 2 HUZelr stejgts, window
setting (center, width) o] we} O-& WIS 5Y < 2l
th o & 59 HU=100% %% center=40, width=
2009 7-¥-(soft tissue window setting) gray=229%
WA (255) of] Al A AR center=1,000, width =
4,0009] 7-¢-(bone window setting) gray=102% o]

Width 200
H.U. r m N
I | 1
—-1024 —-60 40 140 3071
L 1 g
1
Centgr 40 100— (c40,w200) —229

Grayscale ....-
0

128 255
H. Cente} 1000 1005 (c1000,w4000) 102
] 1
~1024 ~1000 1000 | 3000 | 3071
' I f y,
Width 4000

Fig. 5. According to window center (c) and window width (w),
the same HU (100) can be displayed in different gray values
(229,102).

512 columns
A

H.U. 512 rows

G=(H-(C-W/2)) X 255/W

C =40 C =1000
Grayscale W =200 W=4000  Grayscale

1178|513
> 255 | > 255 | 174

168
186 |1 |11

-35
126 | [253

Fig. 6. Different display (soft tissue window setting C=40 W=200
and bone window setting C=1000 W=4000) from an image data
in HU.
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& Mo F FAEG(Fig. 5). o|g} T2 o)F=E B2 I
A A2} sleEte gAke BE WAl (window setting) ©fl
wE} o2 29719 9/do] WXt} Bone window
setting®| A+ A& © 2 w7} gko} BeltH(Fig. 6). what
A CTE o8t A AFE 34X window widthe}

window centerg 574314 01741/} HZasA] 22 A

AZE d3E Ixn 3}5 AL Ax yArkld 0?0171‘%
252 AA7Y B e} & 4 Qlvk Mo FAE
X Ak ATE 3P i, ofd o= center=400,

1, ojd
width=2,000 Z1eI4 AlI53tal, old o=
width=4,000 Z71elA AS3IATd, A3 e
] SAE T sle Aotk Ao 2 e
AS5E wol = v FAAgte] v Ao ]‘4 Hiof

AAR AgEto] FEtAHow A=ste ;
widtht} window centerol] tdt 57g9] %’Q&ﬂ‘:}.
9] PACSol&= o9 pixel?] (x,y) FHEk HUZ &
sk 4= 9= ‘Lens cursor'Y ‘pixel lens 2h= ©]&2
T7F 23014 Qe

Center=40, width=200¢] &7 HU=40%& 3t 3
A (gray=128) ©Z mappingdhH, centers =S E HU
200 WL (—60~+140)¢] 9 255WAZ o] map-
ping¥tth. —60 olak= S (gray=0), +140 o}/ WA
(gray=255) = mapping ¥}, ©]31 mapping®lX center
+ "X (brightness), Width‘L; tj1] (contrast) & VFERHTEY
HU —60~+1409] A4 Z2 (soft tissue) HHE & T
3l 1] flaAe= Center={(+140)+(—60)}/2=40, width
=(+140)-(=60)=200 Ao 2 FEA|s}ojo} sy HU
—400~+1,600 =9 = ZF 24 (bone) HHE & T+
W3l 2] flaEiide
width=(+1,600) - (=400)=2,000 FHo=Z HAJslofok
Sitk Wb Gray 3k RUEU Z3eA A4 ol Bol=
welgho)71 =, window widthtt window centergkel u}
gf 2 Zpol7b & ¢ Q7] wiitell, 3D ATYE 9%

center=_800,
FAF

°
7o

center={(+1,600)+(=400)}/ 2=600,

H A 2f

O

A9l volumetric data source@ ARE-&l7|o= 550 &
) I AA ASS Y= pixel spacing (o] 1 pixel=
0.3125 mm) ¥ slice thickness (¢l 0.75 mm) &2 g X
T FS9stn®, o]F HUS 94 Amg 3 7L ol
DICOM o] data sourceZA 23t oJu|E 7pxIth
DICOM 3t elA AdatA 97 Jr9 94 A& (HU)
= d538= DICOM parsers A|Z3EAL, olu] #|2kel
parserg ©]&atd QHYARI(ThE 2719 TS A &

) volumetric data® &RE 4 t}
WMol HOALQ Ol

= = polygon, NURBS, subdivision
modeling 5= o]&3to] ¥ T (surface model) = Rt
= odleddd mdgo] ARl 32k 8] 7 FitellA
Q1A Bdlef 7P 3a1Y w2 2dlS #olA Dix—Hall-
pikefAA L] HHE F ¥ &7 GA AYshs u54Q &
AAS FEGAY(Fig. 7A), Epley % S8 HoF
A (Fig. 7B), VVOR A2zt tist 5420 &
oﬂ"}#(Flg 7C) Nes A A o
e “’012]2]”} “]E *Eé

A (canalith) o] F2o]&= E&a 597l 2ol xdsi0,
] 215 g HElsto] /e H49s ol B
GAtoll &Y, A (sagittal plane) o YERE vk
RAQ1 32 AAIE ol m#ste] (Fig. 7A) A
AE FHT 5 Qi) o7 7
do AT glors AA s

A3k

ke

LET

y

[}
Y
b
i)
glg
rlo
2
i)

fn)
2L
%
i)
ST V)
30
Ir
2
2
39,
i)

[ 4
o =

Fig. 7. Snapshots from 3 educo-
fional movie clips on Dix-Hallpike
test (A), Epley maneuver (B), and
rotational chair VVOR test (C).
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olatste| 3p aefEiA

AT AAER AR S e A o (HiEsERE %
LR, NHCES, F20Ath) Z OREE fud 452
A A7) 7159 Faell B2 Aleko] =i qlan, ARS]A
]l Folgh Zlo] ThA[zte]] ni 4= Gl Aole} & -3H4]
olalE 9J3t dissection§ T & FHES 9T SFES
A% Wbl sdE]7] ol Al sl o]#
=] AP e WA Faof o3, 7]
o 2dl 4= 9l A IL A AL A
o e %S 918 AlE#olH (simulator) ©] 73
ThE {ofe] vl Ads] we- 2170l Qlof sl
T s ik o= (1) YAIA(stereopsis) 7t &
Q3 < v, 3 £9) drill system TR £2] suction
system 52 AA| F= S dA) o] 7Fss HMD (head
mount display), A2 (stereo glass), haptic feedback
o] 7ksdk 3xkd o AR Fo= fARH 7AE Sl
(2) A A (soft tissue) 2] Tl gt Ex5t WA &
wEEA] ool Ba1, (3) drill burre]l 2l&ke] Zho] ot
= AA7ro F 3D Rdo] tﬂi}a&; Absl-cda 3D 2
o] 74 F=(collision) &) HZEF} ©]2] haptic feedback
ol 384 oE THAl(challenging) FAE0] Bol X
slujo] 917] Wi Zo|t} IERAPS(Integrated Environ-

ment for the Rehearsal and Planning of Surgical Inter-

ﬂJJ

Ty mH

o > o M N I A2
l; =2 Rkl Hd 4n r1r
ity

g rff rulo

vention),""*? Ohio Virtual Temporal Bone dissection sim-
ulator, ™ Stanford Temporal Bone Surgical Simula-
tor'™1 Ho] A, wE BH oz Fpiteo] MEE QI EF]
University Hospital Hamburg—Eppendorfel] 2laf 7=
Voxel-Man TempoSurg=2"2" A% 31 )= A|~Elo|t},

A5 HOMSl O] F

CTE olg3to] 574 912 Zo], w4, %
|28k A7} Bk olel o2 Hel upgel

3xl #E 9 s)A] 7]8ketAl o] po] ARgHETh A
ARs B Apso® 5 ooﬂ 238t A4 (contour)
< 2FE317]3= (automatic segmentation) o2 457}
ol 490 2 tracingd=(manual segmentation) 977}
kY o] MRS 2HE tracingol BlE] Ak §lo] A48 4
QAN AFA, A, FEAdel o9 A7} Yk
4R 32k &8t G AT ESolE o] gato] A

A3E 2wt % 9tk o] B vl e AZE
Aol Felste] Adsl & o ks 2, tlis 9A

Shullx 7]l Az E o] QA7 SlolAIHA T VeE
APEE7] Aok 9, AlSel ARSE daelgo] st
AJNA| Aehst AIA| AFEA] gkgkom, I dae]Fol
A= ojolake] Hels TAEA] ek-rhe thdo] 9o}

STE CT—‘ 13 glo] 3D RS s, ol o
3 7P 4 <% Aol rehearsal surgeryS A 33}
o] & 4 Qatt 1z> AEE Aokl A 2] T HERle ATt
3 = ?EMH) UATHEIZ 9} A2 H3HAQ1 W), A
é:‘:—ﬂjq_ ljr"—q Eols]. T Rd=z 0%31 tﬂg ZJ_L-Joﬂ
(inter—trainee) tist & 4, 22 A3l (intra—
trainee) ol2] W T3t RdE & FHo| JHE3tEE,
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Fig. 8. A case of traumatic ossicular disruption. The axial (A) and coronal (B) images are presented. In the reconstructed 3D image
(C), the ossicles were manually modeled and the semi-transparent temporal bone was generated by marching cube algorithm
from the temporal bone CTslices (A, B).
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