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B AT 7EY SR IR FRIAAFEAL
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ol 1zt st
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1. SRR FEHANTANE SN T2 78 MIA

33 FERRAPAF AN L TG M2 £
o2 A g T Ao WAMAN A 91 HEHRE
& A& 23ste] 279 ZEQ X, Y, 28 T84
HAohFig. 1.).
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Fig. 1. Principles of three-dimensional cephalo-
metrics
Y :Ya=(Da+7Z):Fa
Y:Yb=Ob+X):Fb

ol & X, Y, Z| vh3te] eljt Ae] photogrammetric
equation'o] ™, o] 21§t F4Jo] o8] 22t Ql T Aol
AR S 2 5 33k #HEF X, Y, 28 7
I ik

X = Xa(DaFb + DbXb)/(FaFb + XaXb)
Y = Ya(DaFb + DbXb)/(FaFb + XaXb)
Z = -Xb(FaDb - DaXa)/(FaFb + XaXb)

99 BAmo R 34 AZHE Y43 ¢
£ 437} gEd, 2Re FR 2 PR PAHA
894 229 PAA QT FLbgel A, g3
ARV FAE ARE AEel A2 B8t
A WA g £ Q0] Rl ol @ 4
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Fig. 2. Model of Craniofacial skeleton( | :

T 7 A4 Hd AP 12 He A& A
ez syt o9 HAHE FEAN Zaawy
(Mathematica@, Wolfram Research, Inc., USA)& A}
43t AJEAT: 7 334 HEE ALEEY
TR FeE ATAstn, 34 F A2H7
ol A, F Ax7te] 7w @ Y Alojo] A4EE A
Avetz] e ZradS A)Fsks

SO SHOY KA A SRR SRR
SZIN PSR

2mm 9] o} AP H-E AL EEte} MR & o)
o RS e 4] T FARY A B,
C, D& A|&3la, 473 1.0mme) stainless steel wire
& 50mm Zo|& AHA AZHES EASAHFig.
2. AHEE AFHLE v Eok

1) ©d A=4 . Nasion, Sella, A point, B point,
Menton, Basion.

2) &% 3 A23 : Orbitale, Porion, Gonion,
Condylion, Upper & Lower 1st molar.

model A, B, C ., Il

model D ).

Zt Rgo] % 79| expansion screw(Dentaurum,
600-0100 H-3tste] gsjete] dolg WgAlA &
AEE 35tk A, B, C 28 oM e AobA g shetA)
o] 4ol& 247} 3mmA 3HA 2 WA & 2wy
M2 T el dojol AxE 7= 9] By
£ g4si5ien D 2YdMe &9 st &
GANE 242 3mmA 3HA 2 WEAA el 7y
& B9

99 o] P4 E 3642 RYolA FRY IR F
PARATA A & Fdslieh. #Yo) ALE AL
A 7171(Trophy PC100, Trophy Radiologie, France)
= A S AR Fd R el BA)EH
ULBR, WAMARR] do] FAM A& FA 8}
7] Y8kl Tt A RE T WA Atold] 2
AA ARG AR AR Y wireB A 8t
g &dstdr.

#9E 5 A WARAARG o 2RE FA4]MY
AR E 7|EHOR 3t ¢l AAYES 3AY FH
WA AR GA =g a9E AbRste] oo
THREY L 339 e E HFE ol ARsA
(Fig. 3). 28l 2, 10 5] A AZ3t 12 59 2
T A&E APEAHTable 1).
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Fig. 3. three dimensional cephalograms

Table 1. Linear and angular measurements for three-dimensional and lateral cephalograms

Linear measurements for three-dimensional cephalograms

Intergonion (Rt. Gonion - Lt. Gonion)

Intercondylion (Rt. Condylion - Rt. Condylion)

Rt. Mandibular body length (Rt. Gonion - Menton)

Lt. Mandibular body length (Lt. Gonion - Menton)

Rt. Ramus length (Rt. Gonion - Ri. Condylion)

It. Ramus length (Lt. Gonion - Lt. Condylion)

Rt. Total Mandibular length (Rt. Codylion - Menton)

Lt. Total Mandibular length (Lt. Condylion - Menton)

Maxillary length (A point - midpoint of Rt. and Lt. upper lst molar)
Facial length (Nasion - Menton)

Linear measurements for lateral cephalograms

Linear measurements for three-dimensional cephalograms except intergonion and intercondylion
Average Mandibular body length (midpoint of Rt. and Lt. Gonion - Menton)
Average Ramus length
(midpoint of Rt. and L. Gonion - midpoint of Rt. and Lt. Condylion)
Average Total Mandibular length (midpoint of Rt. and Lt. Condylion - Menton)

Angular measurements

Gonial angle

Rt. and Lt. Gonial angle
SN-Palatal plane angle
SN-Occlusal plane angle
SN-Mandibular plane angle
Palatal-Occlusal plane angle
Palatal-Mandibular plane angle
SNA, SNB, ANB

Saddle angle
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Table 2. Comparison between three-dimensional cephalograms and actual models in linear measurements.

R 3~dimensional cephalometrics Actual model Difference | 3D-Actual
Linear measurement { mm ) MEAN P a0 VEAN ) VEAN | D l
Inter Go 101.53 + 544 101.28 + 519 0.42" + 034
Inter Co 10157 + 582 101.64 + 541 041" + 074
Rt. Mn.Body 101.49 720 102.21 £ 690 0.86° £ 081
Lt. Mn.Body 102.37 + 8.16 102.94 + 7.71 094" + 056
Rt. Ramus 64.46 + 3.19 63.75 + 377 090" + 041
Lt. Ramus 62.67 + 629 63.25 + 588 068" + 037
Rt. Total Mn. 136.10 +12.23 135.79 £11.72 0.80" + 058
Lt Total Mn. 137.15 +10.67 136.05 £10.78 124" + 067
Mx. length 49.17 + 455 4888 + 451 0.39° + 0.84
Factal length 115.59 +11.84 112.82 +11.41 278" £ 089
Total 97.21 + 754 96.86 + 733 0.94° + 062
* ¢ Not significant at a = 0.1
3. SIOI0Y BADSO| AR AR U =R S8 D REe AY9E UnK 289 4% ASXE A4

AHSTTI2AAIZ i

ZARYY AA AZE& A B C RN E 4%
9 do| 8 243, D R A HE oA 9
shefle] Ao] gl & FIHEe] 4% AS i)
E ujAsk] f3l Aol ASWE APIATE AFS
#9 AHH #Y A F ¥ ZA sliding caliper
9} angle measuring deviceZ Al&3to] AJ8E T,
0.1 mm 291, 01 “FH7HA] St Fd g 73t
Ak & AA ASA E 3 FRPARA AR
oMol A&z %} vaslr] $iste], #YE AR} &
B ERAATAANA F EB WARARLE digi-
tizer(A30TL.E, Numonics Corp., USA)Z ¥ <l
B3 T FRYAPAFHAR B ZE2 ] (Quick
Ceph ImageTM, Orthodontic Processing, USA)& A}
&3t AZAE Tt ol 334 A AS FE
Z intergonion} intercondylion A9t 2
FEH A F A A A & Gonion®] T &-5-F
Condylion®] %4, 123 MentonS A&-3lo] 34
shefA], shebA], AA shet dole] A FEE It}
Ak o9 g5 & AA RHNA Y AS FEL 3
g 22 dol9 FEhe A ch

al
=

4, SXL FEUAMFHAN D &N 2
SFREUAHAAEC] B )

=L

33 FREAMI A AR =
B FAAR ) vaE A 2E e

e
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23 AZX Alolo] 98 Patal, AAe) Aoje)
g eake] W& ekglh e, A =Y A
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EEEA 33 FREAMATAARIS] &S T
a3drt,

TR 2o 7S AA AZX9) Zn SR
ARATFAAD AEA) 2w AA BT E, AA) 2
g AZA 9 33y FREAATFAA ASA 2 A
A AER L SR FRPAATHAR AF2] 3T
Zb PEHE student t-testS A ST,

m 7 oH

1. SRR FRUAMIHEARIC] AEXQ &K D&
Ol H=R AOIR] 2%t

32k FRUALAFAAR Y ASA 3 A 2F
o) AZR Alole) eXE M AZdA HFF 094+
062 mmo|®, Ztx AZel|A 1.221082 *= UEl
tH(Table 2, 3). AA| A& N3t AZZ|7t 319
gL A AlEA 099£0.72% Her A= A%
oME 6.1617.28% At 1E]a 3R FRHALA
TFAAR S AR A&A o Ha] A AZdAMe
100.31£091%, 4% AZdAME 10572+£1207%2)
F& Kol Ao ZUENGTHTable 6, 7).
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Table 3. Comparison between three-dimensicnal cephalograms and actual models in angular measurements.

. 3-cimensional cephalometrics Actual model Difference | 3D-Actual |

Angular measurement ( ° ) VERN D VEAN ) VEAN )
Gonial angle 113.25 +14.19 108.75 +1155 469 + 237
Rt. Go angle 108.75 +£11.34 108.71 +11.55 0.82" + 175
Lt. Go angle 111.30 +12.23 108.75 11,55 255 £ 102
SN-Pal plane 6.06 + 396 575 + 420 051" + 040
SN-Occ plane 22.50 +10.37 21.50 +10.31 1.00" 1 077
SN-Mn. plane 2199 +11.47 21.00 £11.13 1.01° + 059
Pal-Mn. plane 17.27 + 720 17.25 + 723 0.79' t 063
Pa-Occ Plane 16.80 + 761 16.50 + 853 108" = 082
SNA 89.77 + 285 89.78 + 208 048" + 033
SNB 88.28 + 181 88.64 = 167 055 + 035
ANB 2,66 = 232 2.65 T+ 243 0.48" + 0.39
Saddle angle 125.65 +am 126.25 + 420 0.69° + 042
Total 60.36 + 746 59.63 + 7.28 122" + (.82

+ ¢ Not significant at a = 0.1

Table 4. Comparison between conventional lateral cephalograms and actual models in linear measurements.

Linear measurement { mm } Gonventional Lat. cephalometrics Actual mode| Difference | Lat.~Actual |
mear measuremen MEAN sD MEAN D MEAN D
Rt Mn.Body 102.48 t 7.71 102.21 = 690 2.16 + 1.90
Lt Mn.Body 99.78 + 763 102.94 + 771 317t + 266
Av. Mn.Body 101.13 = 7.50 102.58 + 7.24 1.45 + 122
Rt. Ramus 73.41 + 458 63.75 + 377 9.66"" + 088
Lt. Ramus 69.29 + 553 63.25 + 588 6.04" + 054
Av. Ramus 71.35 + 501 63.50 + 478 785" + 035
Rt Total Mn. 142.73 +11.97 135.79 =11.72 693" + 168
Lt Total Mn. 141.93 +12.68 136.05 +10.78 6.347 + pO5
Av. Total Mn. 142.33 L1226 135.92 £11.21 6.41" + 184
Mx. length 55.20 + 5.18 48,88 + 451 6337 + 073
Facial length 127.30 +£1269 112.82 +11.41 14,48 £ 1.50
Total 102.45 + 843 97.06 £ 781 Yl + 148

¥ * Significant at P < 005  Tf: Significant at £ < 0,005

Al 2gol AZAzte] BA A vx AH F AS
Ae A AS L 45 A EFA ZolE HolA
FATtH @ = 0.1).

2. B FEUANSAANRC] AERC &N 28
Ol =X AlOIC] 24

ZR SRPAATFAAR L ASA ¢ A 2o
AZA Atele] ke A AZolA HT 6441148
mme|®], ZI% AlFlA 1704094 "2 dehdnt
(Table 4, 5). A AZA o] Rt AZH7E 5o} o)

. Significant at P < 0.0001

Hoo M AZoA 793+1.33% GAow 45 A S
HE 8H11404% Rk 25 2R FRUAX T
AAN L AA AZ2) w8 A A S A= 10699
T145%, Zte A& e 106.3611570%2] &
¥ tHTable 6, 7).

2% TR TN A& 8 A 2
o) Al&2zre] BAEA vu A A ASe] A5
257 R gAY AEAE A4 A
Aok foAUE Aol & BATHP<0.005). 28, 7}
= AZoM e Zol& HolA &t e= 0.1).

- 134 -



Vol. 27, No. 1, 1997 Korea. J. Orthod.

3% SRUAMPANTIOl HHY Bt 7

Table 5. Comparison between conventional lateral cephalograms and actual models in angular measurements.

Angular measurement { © Conventional Lat: cephalometrics Actual model Ditference | Lat-Actual |
MEAN 8D MEAN SD MEAN 5D

Gonial angle 111.36 £13.26 108.75 £11.55 277 + 149
Rt. Go angle 109.98 +12,46 108.75 +11.55 151" + 063
Lt. Go angle 112,57 14,03 108.75 +11.55 409 + 2,04
SN~Pal plane 6.73 + 3.94 5.75 + 420 1.92 + 0.62
SN-Occ plane 23.44 £10.22 21.50 +10.31 2.16' £ 0.69
SN-Mn. plane 23.10 +1083 21.00 +11.13 1.88" + 054
Pal-Mn. plane 18.80 £ 8.11 17.25 + 7.23 158 + 079
Pal-Occ Plane 17.66 + 7.55 16.50 + 853 1.32 + 089
SNA 89.78 + 311 89.78 * 298 056" + 0.32
SNB 88.35 + 176 88.64 + 167 053" + 032
ANB 3.05 + 329 2.65 + 243 1.66 + 262
Saddle angle 125.99 + 427 126.25 + 420 051’ + 029

Total 60.90 + 773 59.63 + 728 170 + 094

= ¢ Not significant at @ = 0.1

Table 6. Comparison between three-dimensional cephalograms and conventional lateral in rate of linear

maginification.

error and

Rate of difference

Rate of magnification

Rate of diffarence

Rate of magnification

Linear measurement { % ) (3D-Actual/Actual100 30/Actualx100 {Lat.~Actual)/Actuatx100 LatfActual+100
MEAN. 8D MEAN 8D MEAN SD MEAN sh
Inter Go 0.41 + 032 100.24 T 0.46
Inter Co 0.41 + 079/ 99.91 + 088
Rt. Mn.Body 0.85 + 0.82 99.28 £ 0.94 1.93 + 198 100.33 + 276
Lt. Mn.Body 0.92 + 0.58 99.41 + 0.90 2.91 T 241 97.09 T 242
Rt. Ramus 1.43 + o.e,é 101.17  1.08 16.22 = 162 116.22 Tt 1.62
Lt. Ramus 111 + 064 99.02 + 0.83 10.43 * 0.60 110.43 = 0.60
Rt. Total Mn. 0.58 + 0.37 100.20 + 067 5,39 +1.37 105.39 T 137
Lt. Total Mn. 0.93 + 0.50 100.82 + 0.67 4.56 + 227 104.30 + 274
Mx. length 0.81 + 182 100.61 + 1.90 12.93 067 112.93 067
Facial length 2.45 + 0.74 102.45 + 0.74 13.32 076 113.32 * 076
Av. Mn.Body 1.32 + 0.92 98,68 + 093
Av. Ramus 13.32 + 0.76 113.33 + 0.75
Av. Total Mn. 4,83 + 128 104.83 t 1.28
Total 0.99 + 0.72 100.31 = 091 7.93 + 1.33 106.99 + 145
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Table 7. Comparison between three-dimensional cephalograms and conventional lateral cephalograms in rate of

angular error and maginification.

Rate of difference

Rate of magnification

Rate of difference Rate of magnification

Angular measurement ( % ) (3D-Actual) /Actual100 3D/Actual«100 (Lat~Actual)/Actual100 l.at./Actual«100

MEAN S MEAN SD MEAN SD MEAN SD
Gonial angle 412 + 1.96 103.91 2.35 2.42 + 1.24 102.25 + 154
Rt Go angle 0.75 + 153 100.01 + 171 1.36 + 0.50 101.05 + 1.01
Lt. Go angle 2.30 + 0.86 102.30 + 086 3.59 + 1.67 103.29 + 222
SN-Pal plane 9.25 +11.08 113.59 +21.91 38.33 1 64.35 117.94 +79,08
SN-Occ plane 6.72 + 6.07 106.72 + 6.07 11.63 +18.88 109.63 +20.00
SN-Mn. plane 7.31 + 779 106.79 + 826 10.78 14.40 110.78 +14.40
Pal-Mn. plane 5.40 + 487 100. + 733 9.29 +10.11 109.29 10,11
Pal-Occ Plane 13.53 +23.38 122.99 +45.41 9.18 4.65 107.15 +15.77
SNA 0.54 + 0.36 99.99 t 0.65 0.62 + 0.36 99.99 1+ 072
SNB 0.62 + 0.39 99.59 + 062 0.60 + 0.36 99.67 + 0.62
ANB 22.83 +28.72 113.14 +49.30 19.17 +41.79 11538 +42.50
Saddle angle 0.55 + 0.33 99.52 + 042 0.40 + 0.22 99.79 0.42
Total 6.16 + 728 05.72 +12.07 8.95 +14.04 106.35 +15.70

v, &% 3 10t WARAARLA 9 o7} AA o Hlsf 7.32%] Erjol

W oA de] AFEEeA R Sl 71EY T
FRAPITAARL S 32949 g e 2Ad e
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Azl olA B 9315 Kol Hrf. welA o2
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A 2719 e AYslA o,
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AR A #-9-2 F2E] do|rt MR th2A YE
e 348 Z59 An dAAALA S FAld AL
groga HAS DA d¢rk. 13 Broadbent-
Bolton Orientatorg 7sle] 25 WARA AL o A
o] & B WALAAL A 9 Al v &) 9]
ZHste WHE AASY. Wyliedd  Elasser,
Vogel? % 7129 Orientator 7H %3 Compen—
satorg A8-8lo] SR WARAALA A 9] g
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oMo A A 12}01] gk WA FARE A 8]
= a9l SAIRE, Tsao 572 ‘:7H°}‘5 2249 4
A dole} WARAARRGe] Aol g vl ¢ltol| A
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&7 E & biplanar radiographyo] ®)ste] A&
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wE W A AS FEA B 24} 094 mm, Ff
& 10031%2A 49s] & JIdAE Ao (a
=0.1), 53] 4% o] A Fo] 37 do] AZFHT} ¢
B AEA S Hole Ao g Uehytth $£7 ol A
& A F4lAlo] Bitele A H R FE Ho
A5E QA7 AR AR YEged, ol 33
A FERIAMATAAKY 4wl AAe B8] of
106% B g Hole Az #AHo] vtn A2
= Ak

ol Hla} SR FHRHARMFAAZL o] AS
oA B 644 mme| A& HEow, AAl o]
Hlg] 107% F = SdiEe Ao Yeiyith 59 &
B ERHARAT AR A AE g dig )&
o] A0 b whe} o] WAMIANK 7
oA YA3l= AldHAA ] A ASL 110% o]
o] & Btk et A d3 vl agaAl
ol UdEY doje HAMIALA G A AA Kt
Z250 Yehi gag, B dpdaxe setA 24
o] & AA sletel Holy F7Ha 91X o3 &4
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-ABSTRACT-

The comparative study of three-dimensional cephalograms
to actual models and conventlonal lateral cephalograms
in linear and angular measurements.

Gi-Sun BAE, Soo-Byung Park, Woo-Sung Son

Department of Dentisiry, College of Dentistry, Pusan National University.

Conventional cephalometrics have inherent errors because their evaluation is performed in two-dimension for three-
dimensional object. To compensate these errors, three-dimensional cephalograms - derivation of three-dimensional data from
conventional lateral and postero-anterior cephalograms - were developed.

In this study, the accuracy and precision of three dimensional cephalograms were determined by means of 10 linear and 12
angular measurements on 36 acrylic skull models and by the comparison of conventional lateral cephalograms.

The results were as follows :

1. Mean difference between three-dimensional cephalograms and actual models in linear measurements was 0.94£0.62 mm and
mean rate of magnification of three-dimensional cephalograms was 100.311091%. There were no statistically significant
differences between three-dimensional cephalograms and actual models in linear measurements( e =0.1).

2. Mean difference between conventional lateral cephalograms and actual models in linear measurements was 6.44+1.48 mm
and mean rate of magnification of lateral cephalograms was 106.99£1.45%. There were statistically significant differences
between lateral cephalograms and actual models in linear measurements(P<0.005).
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3. Mean difference between three-dimensional cephalograms and actual models in angular measurements was 1.2210.82°
and mean rate of magnification of three-dimensional cephalograms was 105.71%12.07%. There were no statistically
significant differences between three-dimensional cephalograms and actual models in angular measurements( o =0.1).

4, Mean difference between conventional lateral cephalograms and actual models in angular measurements was 1.70+0.94°
and mean rate of magnification of lateral cephalograms was 106.35+15.70%. There were no statistically significant
differences between lateral cephalograms and actual models in angular measurements( @ =0.1). There were similarity
between three-dimensional and lateral cephalograms in angular measurements.
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