X IR Vol, 28, 2, 1998-

AAwestm ABoe ApEaae 3, olsoiet o 4@ wA*

AYE - AZ° - ol A

I.ME

o} A L otwA & Folol| A FAlohd
27 o] A 2 27 H7}ol| Broadbent?oll
2J3) AVNE FHRAE HARAR o) d] AL
o] o3 gk, J3u TR AMIARIE §
AFQ FRES HHAH LR Ve o= Q3 2
o], % 13 Y 5] HrMA| A =3
AYRE YT 5 o). 53] ¢H vl S Bol
£ A% 7189 3 534 AL o
8o % A olgke 7Hg sl 49& Alggst
A Huz Z9e] Aol& Z3E 4 Yt ol F
g Besl7] 93 B F2ES U2 HARL
dete WA 3 9AH 223 & Aleld
Aol wet 24zke] g go] dERles He-
TFZ2E] Zo] Aol7} =AY o =2 &
om mEkA A & T W TR
A AN Y] & dSPL Al &
& Aol & B & 9l

odwy FEol g oohE ol g ¢
HAQ 7] G aAo] dFHRA 71EL 557

g 0 19984H 78 29
AMefel 0 19989 74 21¢

T AR e 25 X8 AlE £ 3
& A HAR o] & FE3] $3 o] A
& 07 o]F0x Broadbent® orientator”,
Wylie®] compensator”, Vogel® modified
compensator’ 9} 22 54 g B}
32} 3Re Al=E0] U Bergersen®S FH-
T4 PAMAARRLA 9] A AlE eatol] dig B
& FARE A% sisic). sHAIT Tsao &
e E7ME FZ 9l A ol WA A
&9 ZolE vlug ATolA AR AR At
Zol7} AAlof vig] 7.32%2] oA 69.63%
9] Z40 o|2717HA thekstA vehdtia 31
o olg3 & Y5 A, WAl
Zx 5ol 93 teFaiAl HstslBE WA A}
oA e] ol F &L d28 FE B &
T glthx silth. 53] 43 27 o]}S Hole
A% & TR PARIARIE Bt Ee] A
W FEE HAAARR G YR olskTy W
AP ZGH0 2 2 F7HAQ] HA AR
o] #ME 53l ARE duA ot AREo]
A3 gk, E=3 714 oS wHsle] A

2 E FRFE ARIARE ol 3t e

2 GAFR e T EHste ol
Grayson %) 9J&] 2 1% 8} 213 Baumrind

363



c

2o vk 9 Zu SRIEA HRPAAR o]
A2 Azto 2 ¥9AE biplanar radiography™
Al BY HE el Y8R coplanar radio-
graphy"?& AHE-sle] F7iQHE 249 334
el 2 A#319 2™ Brownd} Abbott?= st
o] Al P& AMESlA Bl TRE 2Zte
2 3ANAN TAG 9 S TR A
AL =8 & photogrammetric equations
ARREl AZA o) xyz &% ok WHE Al
A1k vt Stk g oA ol 3L o] &
y 2807 ARG A 2 4% A5
oA H% $53 Ao HawE 1 ok 08
U 339 FE9E R MARE R 2 S
SR ARG FaRE ASEY F
o AL ez 3x4l AAke SR 4
A FAZE B RGAE S gl
<3 A% 27 (wire frame)*" 9] FeTrS A&
F S Holt},

AFE S W) I X7 BolfMxE o]9)
$-80] o|FolA 3R HAks} @EARRIo]
U3 2 23 FJMHEE dA2 B R3¢
AAFQ A4S Y = AL ¥ oM AF
Hel 225 53 Y3k 9X29 A 7he
sla] HUAQ AA F2 AMgEe AU
22 B 8o o33 HAMAARA 3 e
oMol A FEE £ US ¥ T ohdz o
0]9)9] oy deje] oMol dx HEol
st =8 A9 e 24 JHedtn AS
A7} o] gl 33 FRAZTE FojRe
2 A28 d& 4 3lon A5 AF 2 AE
o] 7% A T Aol leuE ANEAME
3314 M} geARe] YA T2 B4
74 & ol st v 3 AR
AzHE de Ao gt xEsd d+ 2
7} o} glo] 3ol B8] oldn = 1
7¥e] A7 G edtchs A3 v)E3 A 9
Z3k So] FAR Q3] X8 Jox] da] A
£57] #3la Jlon B EA-E B8t
TR WARIAR o] o AT BAY HE

364

o oA % d2] AL H 3 YTk,

ofobnl 718& Hol: Bymite] A% m
3 229 gl dwA $0) Ag=E AL
7} Bet] o)) HEE et 2 27 Aze] P}
2 BN E SEFZ AT 2L FuA
ol Aurhs YARQ AL o83 Ak A8
A% 59 2 A2 Azl W o8 sl
o} a7t}

AL SeiME A7 ATe] Yrlek N7 A
% Aeje) vm B0 "askw Wty otmy
22 Ao 3349 AN B2AE ol83la A
o3} 7 AYS A9 FLegE A%E 52
ol 3349 AAke BEBYL Algsle] 4%
A7 22 WladR gAAez us 3EP
ul e} WS & 4 9l Aolr}, de} vl 8w
WA 9123 S| BAZ Q8] & Wel FdE
ol ed) 44 A% 4 & 2 A8 F8 T
#3273 5 59 o] B B ol
2 42 Fo) T 339 ANE U2BAS 3§
2 R A Q8 TR P S SR
ARG e HRE 42 A9 3349 A
Hestd neo 22H 32 A4S 4E F A
A 2|2 AFstus A BE T 5 UL
w1} ojje} ofol] el W} 3349 o] Wol A
o2 Q8 3319 Al FAaztel e ¥
2312 o) 2% £20] F 4 3L Aol

AR AY 59 52 Ao 3319 Aol A7
A o] ZZ(surgical simulation)< Z3l
22 39 339 AL AL ATE B S
Do) oJs) Hud v} ort ol o A7
ATle) Brle g8 TA @ 29 TR
ARG S BEE S4 A9 334 Ao A
g3la) 20| 22W 3AY AL de ATE ¢
=

B d7e 2o ohwy 44 A5 299
At g Eu SR XA M ) W
e okm % Ad B9E 339 AN
YA A el Hol 23R 334 e

gev A2 PEE Mo 4wy e

4

ol



7Pl Stk S & Wsr gl A TS
I AAZ duA Fe& AP Al A 831
of o] W ol F-8A4S doli At gl ot

I.97 =z & 2

b &2 M=

HAb ARRLG|A AlEA o] AEe] JAE
£ gutta percha’l #3H 1 HYE o FH
plane°] AH| F3o] HE A2 Az FH
BN g Fe& 7P slekEe] Y&
WA A Bisl A7 Fol) 22} Y, a2n A
Az twy £&& B 4 99 AE Ut

2 3o & 33 Fol 27t #9933 A
3 93RRI A 2 S TR A
AR ARZ SR

1. Az FHENM A3,

1) Az $HEE ¥9S 9 FH plane°] Ad3
FAo] HEE A A3 F ASgo] B3 Q
A =2 T3] Ao gutta perchaZ H2
=S
(Fig.1.2).

Fig.1. Reference points attached by gutta percha on dry skull
1.porion(Rt/Lt) 2.orbitale(Rt/Lt) 3.nasion 4.ANS 5.PNS
6.condylion(Rt/Lt) 7.gonion(Rt/Lt) 8.menton
9.mid point of lower central incisal edge
10.mesiobuccal cusp tip of lower first molar(Rt/Lt)

12,345 : sleh29 914 st A%l @alA] &2 HE2 AT R 4 7404 2
APIARRIS 7], 914, BaE 4AA717] A8 SR

67.89.10 : sth29] 93 WaE WAY HS2 FAY 2 2 SR PR
12 W P3| 9] Aal $A=g
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Fig.3. Deformed dry skullls that location of mandible was displaced

A cross bite of anterior teeth
B : edge to edge bite of anterior teeth

C : normal overjet of anterior teeth

2) Az FA oA stetZe] Y] W3}
b3} 2ol dw 58 7HIE stk
o] YA W3AA A, B. € 3 7R A
£ AR} (Fig.3).
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Fig.4. FH plane was parallel with floor for P-A and lateral cephalograms

FRE WA AR #9R]E Orthophos
CD(Siemens Medical Engineering Group,
Erlangen, Germany)E AH-8t 1 &9 =
4L 69 kVp, 15 mA, =& A1 05 22
st

AAksl 297 = Hispeed Advantage
Helical CT(GE Medical System,
Milwaukee, U.S.A)E AHEst5on &4
Z73& Table 13} 23ttt

4) 8948 g} @3S NYE AFEEPC:
personal computer)2 &7]3 EH 74
7ol oA 3xtd F7d2 A
O 2 A7l AR Aids dF3EY7

General Electric Hispeed Advantage
Helical CT7} DICOM(digital imaging
and communications in medicine) 3.0
Adsh] Wi LS NS HFE =R
=18 T UYL $A4% 52} DICOM
headerg W1 raw data® AU},

Fig.5. FH plane and middle sagittal plane were
perpendicular with floor for computed
tomography

@ ML AFE A raw datag open
graphic libraryg o]&std FHo| A+
AE 339 4g FAds.
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Table 1. Technique factors for CT data acquisition*

parameter specification
slice thickness 5 mm
table movement between slices 3 mm
overlap between slices 2 mm
total no. of slices 87
exposure of factors 140 mA, 120 kV(p)
scan time 2s
field of view (scan circle) 22
matrix size 512 x 512
algorithm soft
slice orientation axial
gantry orientation 0

* Department of Radiology, Inha University Hospital, Inchon
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R 4 Zerse we b

Fig.6. Co-ordinates values of displaced landmarks and segmentation line in pre and
postoperative P-A and lateral cephalograms
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Fig.7. Procedure of simulated 3-D image reconstruction
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Fig.8. 3-Dimensional Co-ordinates system
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5) FE=Z Qg W ¢ S FRH A
ARl ] WElE & A 3A Ao A&
Bl AFEZ 2o 23 33 A3 e
Fof| AA g 33 dolM AZHY 4
2] WS dolE 3 T3 o] ¥lwalr] Yl
Wilcoxon signed rank test® A3}t
(Table 4,5 &=).

2, Bl CE, CollA AZ, AdlX B29] 4
7HA 7oA stebEe] 93] WE dFel ¥
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S $1x) A3k Mo 33M Aol 288k A
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A W3} ol A FYE 33 B3 Hlw
3 HFig.9).
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Fo TA 2 & FR9E AR
Ale] W3l slehEe] %] ¥sh de] 3
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A3} slobe] 912) W3l Fof AA| 4 3
4 2 2k} FEgke] ¥4 ¥l -1.8 mm
oA 1.8 mm7IAIR 2 T8 Hl3te] 94%7}

I. o= 21

It AZ FHZ0IM Bl

1. A% 3N 32 9AE 9= 3
7 FejE W37l A, B, CollA AdlA C

Table 2. Displacement of reference landmarks between simulated 3-D image and actual postoperative
3-D image in four cases of dry skull (units:mm)

Simulation

A—C B—C C—-o A A—B
Versus Actual Dx Dy Dz Dx Dy Dz Dx Dy Dz Dx Dy Dz
Menton -14 0.0 -1.8 -14 0.0 00 09 00 18 09 00 09
Go(Rt) 0.9 -18 09 09 -14 09 09 05 14 14 05 -14
Go(Lt) 04 -14 05 0.9 09 05 09 14 09 0.9 05 -05
LIE 0.9 09 05 0.9 0.0 05 05 14 0.0 14 09 09

Dx, Dy, Dz : displacement in x, y, and z coordinates

Table 3. Wilcoxon signed rank test between simulated 3-D image and actual postoperative 3-D image
in four cases of dry skull (units:mm)

Simulation

Dx Dy Dz
Versus Actual Median Range  Sig. Median Range Sig. Median Range  Sig.
Menton 02 -14~09 NS 0 0.0~00 NS -02 -18~18 NS
Go(Rt) 09 09~14 NS 09 -18~05 NS -09 -14~14 NS
Go(Lt) 09 05~09 NS 02 -14~14 NS 0.0 -05~09 NS
LIE 02 09~14 NS 05 -09~14 NS 02 -05~09 NS

NS : not significant at level of p ) 0.05
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(a)

(b)

(e

Fig.9. Simulated 3-D image and actual postoperative 3-D image
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(C transfarmed from A)
(a) * preoperative 3-D image
{b) : simulated 3-D image
{c} : postoperative 3-D image



(a)

(b)

(c)

Fig.10. Simulated 3-D image and actual postoperative 3-D image( A" )
(a) * preoperative 3-D image
{b) : simulated 3-D image
(c) : postoperative 3-D image
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Table 4. Displacement of reference landmarks between simulated 3-D image and actual postoperative
3-D image in four cases of orthognathic surgery (units:mm)

Simulation A B of D
Versus Actual Dx Dy Dz Dx Dy Dz Dx Dy Dz Dx Dy Dz

Menton 09 27 18 09 00 49 09 00 -14 14 -14 14
Go(Rt) 00 09 09 27 54 -54 22 -27 -14 09 27 27
Go(Lt) -3.1 00 -14 -18 77 54 22 -22 36 -18 40 14
UIE 00 00 00 =22 36 -18 -14 -14 05 -05 05 22

LIE -18 40 14 09 -14 67 09 36 -14 05 -14 14

Dx, Dy, Dz : displacement in x,y, and z coordinates

Table 5. Wilcoxon signed rank test between simulated 3-D image and actual postoperative 3-D image
in four cases of orthognathic surgery (units:mm)

Simulation Dx Dy Dz
Versus Actual Median Range Sig. Median Range Sig. Median Range Sig.

Menton 00 09~14 NS 06 -27~00 NS 00 -49~18 NS
Go(Rt) 05 -22~27 NS 18 -27~54 NS -11 -54~27 NS
Go(Lt) -18 -31~22 NS 20 22~77 NS -24 -54~14 NS
UIE -15 -22~05 NS -15 -36~05 NS -05 -18~22 NS
LIE 09 -18~05 NS 24 40~-14 NS 00 6.7~14 NS

NS : not significant at level of p » 0.05
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Fig.11. Estimation line
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-ABSTRACT-

Application of Simulated Three Dimensional CT Image in Orthognathic
Surgery

Hyung-Don Kim, Sun-Kook Yoo*, Kyoung-Sang Lee*, Chang-Seo Park
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Department of Medical Engineering, College of Medicine,*

Yonsei University

In orthodontics and orthognathic surgery, cephalogram has been routine practice in diagnosis
and treatment evaluation of craniofacial deformity. But its inherent distortion of actual length
and angles during projecting three dimensional object to two dimensional plane might cause
errors in quantitative analysis of shape and size. Therefore, it is desirable that three dimensional
object is diagnosed and evaluated three dimensionally and three dimensional CT image is best
for three dimensional analysis.

Development of clinic necessitates evaluation of result of treatment and comparison before
and after surgery. It is desirable that patient that was diagnosed and planned by three
dimensional computed tomography before surgery is evaluated by three dimensional computed
tomography after surgery, too. But Because there is no standardized normal values in three
dimension now and three dimensional Computed Tomography needs expensive equipments and
because of its expenses and amount of exposure to radiation, limitations still remain to be solved
in its application to routine practice. If postoperative three dimensional image is constructed by
pre and postoperative lateral and postero-anterior cephalograms and preoperative three
dimensional computed tomogram, pre and postoperative image will be compared and evaluated
three dimensionally without three dimensional computed tomography after surgery and that will
contribute to standardize normal values in three dimension.

This study introduced new method that computer-simulated three dimensional image was
constructed by preoperative three dimensional computed tomogram and pre and postoperative
lateral and postero-anterior cephalograms, and for validation of new method, in four cases of dry
skull that position of mandible was displaced and four patients of orthognathic surgery,
computer-simulated three dimensional image and actual postoperative three dimensional image
were compared. The results were as follows.
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1. In four cases of dry skull that position of mandible was displaced, range of displacement
between computer-simulated three dimensional images and actual postoperative three
dimensional images in co-ordinates values was from -1.8 mm to 1.8 mm and 94% in
displacement of all co-ordinates values was from -1.0 mm to 1.0 mm and no significant
difference between computer-simulated three dimensional images and actual postoperative
three dimensional images was noticed(p)0.05).

2. In four cases of orthognathic surgery patients, range of displacement between computer-
simulated three dimensional images and actual postoperative three dimensional images in co-
ordinates values was from 6.7 mm to 7.7 mm and 90% in displacement of all co-ordinates
values was from 4.0 to 4.0 mm and no significant difference between computer-simulated
three dimensional images and actual postoperative three dimensional images was

noticed(p0.05).

Conclusively, computer-simulated three dimensional image was constructed by preoperative
three dimensional computed tomogram and pre and postoperative lateral and postero-anterior
cephalograms. Therefore, potentiality that can construct postoperative three dimensional image
without three dimensional computed tomography after surgery was presented.

Key words : orthognathic surgery, simulation, three dimensional computed tomography



