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ABSTRACT

Purpose : To investigate the reproducibilities and compare the measurements in digital and MDCT-synthesized
cephalometric radiograph, and to investigate the effect of head position on the measurement during imaging with
MDCT.

Materials and Methods : Twenty-two dry skulls (combined with mandible) were used in this study. Conventional
digital cephalometric radiograph was taken in standard position, and MDCT was taken in standard position and two
rotated position (10° left rotation and 10° right tilting). MDCT data were imported in OnDemand® and lateral cephalo-
metric radiograph were synthesized from 3D virtual models. Two types of rotated MDCT data were synthesized with
default mode and with corrected mode using both ear rods. For all six images, sixteen angular and eleven linear
measurements were made in V-Ceph® three times. Reproducibility of measurements was assessed using repeated
measures ANOVA and ICC. Linear and angular measurements were compared between digital and five MDCT-
synthesized images by Student t-test.

Results : All measurements in six types of cephalometric radiograph were not statistically different under ICC exami-
nation. Measurements were not different between digital and MDCT-synthesized images (P> .05). Measurements in
MDCT-synthesized image in 10° left rotation or 10° right tilting position showed possibility of difference from digi-
tal image in some measurements, and possibility of improvement via realignment of head position using both ear rods.
Conclusion : MDCT-synthesized cephalometric radiograph can substitute conventional cephalometric radiograph.
The error on head position during imaging with MDCT have possibility that can produce measurement errors with
MDCT-synthesized image, and these position error can be corrected by realignment of the head position using both
ear rods. (Korean J Oral Maxillofac Radiol 2009; 39 : 133-47)
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94 AT FolM SHFERFAURANAA S £
M A A, A D 9 Az AFy
23, 25 A4 7L A d& 52 % 208 =
ojeh. 2} 3x1%1e] FAHTZREL Hrlsid 2u
FRFAPARIA] R og dg & 9 ARdE 3§
AZE o], FAFRFALGAAALA, o] 3L FA upAFA AFA]
59 AHlE Rl o R o)&ste gt HT 33 CT A
T4 & FAGEIIYY A 284 48, g wA
T8 €4 2 ¢%, TAF 2 Az} So Hga=
W Ee] AVlEEA 7]E9 23449 JAHE o) 48 wAA
el WEE s ew Qo B4 A BAo gy v
AL (3 9 ASRLERFAAAAAE 5L 2R
o3k, 3x0A 713& AF3) Adalr] 93 2o
2 334 CTE #93}A)3, 3 dental cone-beam CT
(CBCT)®] RFo2 33 CTE #4sl o] & o] &3} o}
G 22 ATFA A o) gske Wbl A= gl
o mebA] 33 CT ARE o438l PAY Srng
A ARl o] 7128 PR Y SRR A uRALA A A o)
A de ARE YAY £ gk, 51 94 IS5 5
& 4 gl e CT#os »E AUE 9L 4 9)
cuz Aol #4434 249 4 3le Aoz Y7y
dental CBCT:= 7|29 multi-detector CT (MDCT)el| ®]3|
H-§-3 WA EAVEY] haele BAE M3 glow,
MDCT$} Dental CBCT 25 F7}belelnl oej¢] 3x44) CT
AN edrkel BBl AlgE3 9iH.

I} MDCT$} dental CBCTE: #oJz[Al7 A2 th=
I SYFRFAUAINAA S g8 FR XIS A48t
A et #o)7t Qih. o3 CT &9 A9 Folzr
o] 7]&g] 2x4] EWRRFANAAAIZSY #HedxAAT
tEoz Qs AZAY exr) wgd s el otk o
Ne) 22 <d4F A7) 2D generator)e MES HE A
AR shot= 32 AR HNA Axz AEsle] 23}
| SUFRFANAIA S FAE 4 glen, o A}
2] o] A== Aol &Rl g3 2719 A (HHN=
S earrod) & FAIBE] o] F WAL zAMSEo = 3} 2
2] SHERTA AL AR & A g

MDCT == dental CBCT 33}d g4} o g A FAI3) =u}
FRAAPAAAY 44 A 7= AR ow
o]Fe]# $kt}. Greiner 5'& AzA, A=zA, olo] A=
A9 Fuzhe PAE SWUFRFAAAARIZ MDCT
A AFAR FAFRFAYAAARNA 1) mEL
Chidiac 5> fan-beam CT¢] scout image® ZWFH.77
WARAARl o 2 AE £ glErtl dE drsigd g
H dental CBCT 3 Atell Al A 7413 29FRFA AL AL
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8 o]Foizlxd, MDCTH dental CBCTAA FHb744f
APALAAA S AFAAee Z2adEe] A7 whdel
Mz @33 32 A= veksbA vebsiot

7188 GAY SYFRFARAAAAAM HE $1A]
7b AFA mAE Q¥ AME Wl d7HA
Malkoe 5°% Yoon ¥ vzl #13& $95o= A=
TN ASA L] dete dTsided A Wkl
uet eate] A7)t dEAY ol g FRES JUE
o] M2 war] HEelgtx stge. 2 MDCTH
dental CBCT &3 A1&) A7} SjA" S35t A
ARl 27] Wl W 929 227 BT A
ol Az AFE HJAAD ool WG 7L kA
o] FoJA A skt CT oz FUFRAAMIA
T AT PAAdzAMIE e W # 7=
B &S 2R 4& Foln o7 olr}t A
A Hoje] ojuldt ztelE BY AA W3 A7} 2
23l Y23

ol ®E Al HF 71Ee] YAW FWFE
A AR MDCTE &E2H4 9} w2 g 3dA 2
A2 #oJE 329 oz AFAT FPFRFHUA
ARl A 9] ASAE Hlmete] A4 G H-44
2] A7} vl e detrzal it

ME oy
Aedstm AP P gAY AzTAEE
gsted FAAH B gt setE u4E B Ao

ol g3tgiet. 2ot 2249 ZARFAFL JA4EE A4
Al stebEe] A7 WE AR #odFe] B dFelH
A2 stdet. Abslel HA|7F 24" AS, ol Q3" A
AEg o] 43l7] Y, vHE (Valium) 22L& Eg3 of=
d 2)obg YA sle] ARAIA 2t HAag Aot 2749 F
Az)e} st 278 FAHA7} Aol Y=g s (Fig.
D). =3 gjetshrel S539) steterl M2 Hese] &
odel == 3] $3 o] Alolo] 2mm FAL YA
ANE Wolom, slebEe T 2 AtFe] ZRWEE o
45t 2AAAS AxFAZE AGSHA AAA717] 9
3 sElzFozw AT FF AR (custom styro-
foam head holder)ell A3}, o] AAAE YX® &9t
FRFAGAAAE] #od Aol P o2 XA T2 F
R34 7] (cephalostat) Z o] -§-5}e] Fedslgl on, MDCT &
Al Aoz HAAA HeJagdet o HAY &
FRFAUAIAE 22242 #edslg].en, MDCT
PRz A 2EAY F A AR A (5

oo = N & of

Sl A 10= A5 Jd7 AFEE VFer I
= % )= 42 dedsisic} Fig 2). & A7 A
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(Toshiba, Japan)® 10X 12 ¢1%]&} Fuji IP cassette 3AE ©]
£3)o] Fodslyg om FCR 5000RES E3}ed IP cassette S
2 odake ARES] ARl A" SERT
AWAMAARA S o] 27 YT FAZ2) AFA
Ao A=) 150 em, F432] A FA|AbE ] IP cassette
9 A=}t 15em7t HA st FH L& 110%7F H=%
&} o). MDCT+ Somatom Sensation (Siemens, Germany)_©.
2. 120 kvp, 50 mA, scan time 2.8 s, matrix 512, thickness
0.75 mm, length 256 mm&] z=7 o= ZoJsgo}. On-
Demand® (CyberMed, Korea) 2 722 o}& 110%<] &

Fig. 1. A sample of human dry skull without cranial vault.

dalAk 2|

g2 A g3led, 37kA] AM 2 Feojg 32 MDCT %374
AR Azt 2210 SWFERFANAIAA S FAE3
o} 2712 8) A =AM 9 CT 344> AHd 24
dol AR SUFRFAYAIAAF £t 23 k&
car rod3 AAse] AEE AN E AT A Y58 A
3 S ERFAYAIAARA, 2712 & A s

ol A st AxFNZel sl doiAl F 6742 St
TRFAUAARA (FRE, CT §4 =25, CT 4 10° &
¥ 33 [10° left rotation], CT A 10° £33 £, CT &
A 10° =233 [10° right tilting], CT &4 10° $213A 4
A, Fig. 3)& FRFAUAAAL 4 =273 (V-Ceph™
Ver 6.0, Cybermed, Korea)& ©]-8-3}e] 227 LCD XU EJA}t
o} QAtelA AAH AEZHE JYsta Agoz ASAE
ZA3

17708 A&7 (Table )& o] 43t Y-z FQ
27709) A& FE-(Table 2)& F319lom, o] F 167
= B9 1V A” 5ol A& &
AR} 4 A o= 33] AEte] SEaIAE w4
== sl o]k AFE BB, 6714 2 FAdell
A 33 ubE AN ASRE vwste AEAE 2AFL
i, IAE SHFRFAYAAIARLE o] 43 A
AFAE 71Fe= 7 QA A2 AFAe] HEA
Wlmsie] 339 MDCT J4ola R4 2YFiT
ARdALR o) 71E0] HA " SHEEFAUAMIARL S
AY 4+ GeAG ) AR 237k AZA) olw

e AEAE BRAG. FYT GAeIA 33 D
A A9 vlwE WHEEAHEAMEA (repeated mea-
sures ANOVA)T} FWAFA 4= (Intraclass correlation coe-
fficient, ICC)& o] &3] Wlwatlx, YA Fulbrilsf

=

Fig. 2. Samples of skull positioning during MDCT procedures. (a) standard position, (b) 10° left rotation around z-axis(vertical axis), (c)
10° right tilting around y-axis(antero-posterior axis).
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RRAARMARRI] AZX| Hlw ¥ 02| /X7t 0|X= 2

Fig. 3. Samples of 6 cephalometric
radiographs. (a) conventional digi-
tal, (b) MDCT-synthesized image
at standard position, (c) MDCT-
synthesized image at 10° left rota-
tion position and (d) corrected ima-
ge from (c), (¢) MDCT-synthesized
image at 10° right tilting position
and (f) corrected image from (e).

A AIA Y] SRS A1F 0% 571K CTE o]4sled AT SWEEFAUANAAAL] ASe] AQL
A% 2T g A AbRe] 4R 2 Student t-test  Tables 3-85F 72,

£ olgsted vlmalgh GAY FYRRFAPARAALL 27 AN 2F

ICC ZHe w9 o} =2 YHAS Bedo} L1 toNB(°)

= HlE2QRALEA S P gho] 05 ngtowm §o|8t Xjo)

z 3 7t Qe Aoz vehdth 2o 33 By 299 37

ke #pol= 0.5° u]U}O]g;lB]-(Table 3). MDCTol| A &4 3k

=HIE EH I I4HFAIAM AR =3
ZurE SRS MAREIOIA AZlS] A AL ] el e 27 A

AH&i4d H| 1wl (Tables 3-8) 23 m= ICC 3tol l,__o} Q@A o] =glor) wiEEAE

HA Y EFERFAYAAARL, 2FAAH MDCTelA  AREA Q] P ghe] .05 m|Rtal 0T7} EFAH MDCTeA
FATG 2YFRFALAAAAA, 25340 MDCTAA 3 4T SUFR7ALAI AL 37] (SNB, Facial angle,
g 2WERFAPAAALA, $5 354 MDCTH|A 4A4-  Mn plane to FH) 43541 MDCTe|A] 3HA3t SRRt
FA5 =1 J_,__,_ AP AR, 224 3]4 MDCTA A & AR ARLE 17 (L1 to NB [mm]), 2] 3] MDCTe)| A
g 2FRFAAAAR, 234 MDCTelA % &4 SR FA AL 1) (UAFH), 44 33

— 136 —



Table 1. Definitions of cephalometric landmarks

HolA 2|

Landmark Definition
Sella (S) The center of the pituitary fossa of the sphenoid bone determined by inspection
Nasion (N) The junction of the frontonasal suture at the most posterior point on the curve at the bridge of the nose
Porion (Po) Anatomical porion. the most superior point of external auditory meatus
Orbitale (Or) The lowest point on the average of the right and left borders of the bony orbit

Anterior nasal spine (ANS)
Posterior nasal spine (PNS)
Point A (A)

Point B (B)

UIA

UIE

LIA

LIE

Condylion (Cd)
Gonion (Go)
Menton (Me)
Gnathion (Gn)
Pogonion (Pog)

The tip of the median sharp bony process of the maxilla at the lower margin of the anterior nasal opening
The most posterior point at the sagittal plane on the bony hard palate

The most posterior point on the curve of the maxilla between the anterior nasal spine and supradentale
The point most posterior to a line from infradentale to pogonion on the anterior surface of the symphysial

outline of the mandible

The apex of the maxillary central incisor

The incisal tip of the maxillary central incisor

The apex of the most anterior mandibular central incisor

The incisal tip of the mandibular central incisor

The most posterior-superior point on the curvature of the condylar head
The midpoint of the angle of the mandible

The most inferior point on the symphysial outline

The most inferior and anterior point on the symphysial outline

The most anterior point on the contour of the bony chin

Table 2. Definitions of cephalometric measurements

Definition

Variables Unit
SNA Angle
SNB Angle
Facial angle Angle
Facial convexity Angle
A-B plane angle Angle
Mn plane to FH Angle
Y-axis angle Angle
Palatal plane to FH ~ Angle
Occlusal plane to FH Angle
Mn plane to SN Angle
AFH Length
LAFH Length
UAFH Length
Ul to SN Angle
Ul to PP Angle
Ul to A-Pog Length
Ul toNA () Angle
Ul to NA (mm) Length
L1 to NB (mm) Length
L1toNB (°) Angle
L1 to Mn plane Angle
Interincisal angle Angle
Pog to NB Length
Midfacial length Length
Mandibular length  Length
Pog-N perpendicular Length
A-N perpendicular ~ Length

Angle between S-N and N-A
Angle between S-N and N-B
Angle between Po-Or and N-Pog
Angle between N-A and A-Pog
Angle between A-B and N-Pog
Angle between Po-Or and Go-Gn
Angle between Po-Or and S-Gn

Angle between Po-Or and
ANS-PNS

Angle between Po-Or and OP
Angle between S-N and Go-Gn
Distance between N and Me
Distance between ANS and Me
Distance between N and ANS
Angle between S-N and UIA-UIE
Angle between ANS-PNS and
UIA-UIE

Distance from A-Pog to UIE
Angle between N-A and UIA-UIE
Distance from N-A to UIE
Distance from N-B to LIE

Angle between N-B and LIA-LIE
Angle between Go-Gn and
LIA-LIE

Angle between UIA-UIE and
LIA-LIE

Distance from N-B to Pog
Distance between Co and A
Distance between Co and Gn

Pog to N with respect to
N-perpendicular

A to N with respect to
N-perpendicular

MDCTe| M $4-8A43 SFRg A il Abzl L 27
(UAFH, L1 to NB [mm)]) 3o A] vyelyde} (Tables 4-7). 1
St 2 @A Aol 2F 05 £E 06mm ol
AL NDCTA Y SFRAT SUTATAL

L 277 FAFoNA nF HESAHBAREMY P Zhe] .05
°]”——i $-28 zpo]7t @At (Table 8).

2. CIXE SUSSERAUAMAREI] ThEt
ZUSEFHUAMARRIS] AZX 8T

MDCT &
(Table 9)

A Y SubERF AR AR 9]
£244 MDCT 34 FERFAAaAL A2
E Student t-test2 ¥ w3}, 277 A= 2% ot
z}e]

7F A=t (P> .05).

AZAE 7lEe

MDCT & A| S59/%| #5}7} MDCT &
HHABIAMMARRIS] AIEX|0| 0|X|=

(Table 10}

é'é
A&k H|I

YAE SRERFARAAA) ASAE FEe
10° 4= 3]A (10° left rotation) MDCT §H4] 2v}F2F
SAPAAML 10° 3301 MDCTe] w2} 9128 $4%
A ZuPERAALY AL 10° 422 34 (10° right tili-
ing) MDCT &4 29FR349AbdAb, 10° 3313
MDCT®] w2l 928 $8% 94 SPE2aaaan
Z9] AZXE 77} Student t-test2. B 23} =4, 277 A
22 % 893 zo]r} AITHEP>.05). T} P Fho)
3 o]3}el ES AR, 10° £33 (10° left rotation)
MDCTel|A] g3 2w} =r A8k ARRS AFH, UAFH,
midfacial length®] 37 32, 10° %] 3]A (10° right tilting)

JEF“
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Table 3. Mean and standard deviation of repeated measurements of digital cephalometric radiographs

1 2 3 ¥
P* IcC
Mean SD Mean SD Mean SD
SNA 82.19 3.21 82.01 3.27 82.19 3.18 194 .996
SNB 77.61 3.66 77.51 3.50 77.69 3.71 252 8597
Facial angle 89.19 3.04 89.32 3.00 89.26 2.95 128 998
Facial convexity 8.26 7.44 8.23 7.11 7.99 7.36 .349 997
A-B plane angle ~7.99 4.54 -7.79 . 4.54 ~7.91 4.63 593 994
Mn plane to FH 2392 5.09 23.75 5.19 23.78 5.23 265 999
Y-axis angle 61.90 3.06 61.81 3.07 61.82 3.03 543 997
Palatal plane to FH -0.78 3.00 -0.87 2.94 -0.70 2.90 .140 994
Occlusal plane to FH 6.58 3.74 6.95 3.69 6.79 3.25 278 977
Mn plane to SN 34.74 6.32 34.84 6.39 34.58 6.52 084 999
AFH 132.25 578 132.34 6.00 132.31 591 794 998
LAFH 74.66 4.79 74.78 492 74.69 488 581 998
UAFH 58.61 3.17 58.60 3.13 58.65 3.18 958 .994
Ulto SN 96.27 10.55 96.42 10.20 96.54 10.09 372 999
Ulto PP 106.29 11.09 106.60 10.68 106.61 1046 151 999
Ul to A-Pog 6.50 2.55 6.59 2.74 6.45 2.52 318 .996
Ul to NA(®) 14.08 11.78 14.41 11.50 14.35 11.19 .108 999
Ul to NA (mm) 3.77 3.18 4.04 3.04 378 2.96 057 995
L1 to NB (mm) 4.49 3.12 4.45 3.06 4.36 3.12 297 998
L1toNB () 16.21 10.40 16.01 10.56. 15.75 10.52 024 .998
L.1 to Mn plane -6.12 11.16 -6.31 1119 -6.49 11.37 129 998
Interincisal angle 145.14 15.46 145.08 15.22 145.40 15.19 .601 999
Pog to NB 1.68 2.18 1.60 2.20 1.70 232 577 .994
Midfacial length 92.94 432 92.73 4.48 92.55 4.32 .158 .993
Mandibular length 123.31 5.89 123.42 6.11 123.19 6.22 308 998
Pog-N perpend ~1.66 6.64 ~1.41 6.54 ~1.53 6.46 177 998
A-N perpend 3.63 3.48 372 3.57 3.57 3.27 479 995
*By repeated measures ANOVA; " Intraclass correlation coefficient
Table 4. Mean and standard deviation of repeated measurements of standard MDCT synthesized cephalometry
1 2 3
- P* icc’
Mean SD Mean SD Mean SD
SNA 82.28 3.36 81.96 3.23 8227 3.21 .109 994
SNB 77.66 3.44 77.33 3.51 77.62 3.36 034 993
Facial angle 89.23 2.76 89.32 2.90 89.04 2.95 035 .994
Facial convexity 8.44 7.31 8.13 7.13 8.54 7.23 11 997
A-B plane angle ~7.98 452 ~7.81 445 ~8.10 437 076 997
Mn plane to FH 23.47 5.11 23.28 5.23 23.57 5.18 024 998
Y-axis angle 61.66 2.93 61.53 2.95 61.86 3.05 053 994
Palatal plane to FH —1.05 2.93 —1.26 291 —0.86 276 101 985
Occlusal plane to FH 6.62 3.40 6.73 335 6.90 3.42 304 991
Mn plane to SN 3441 6.18 34.51 6.40 34.35 6.30 641 .998
AFH 130.68 5.72 130.75 5.82 130.90 5.80 341 .998
LAFH 73.87 479 73.93 4.92 74.00 4.80 649 .996
UAFH 57.93 275 57.96 272 57.93 2.98 924 992
Ul toSN 96.12 10.51 96.29 10.23 96.33 9.99 796 997
Ul to PP 105.92 11.18 106.22 10.70 106.15 10.66 770 995
Ul to A-Pog 6.82 272 7.02 2.79 6.82 2.63 091 995
Ulto NA(®) 13.90 12.00 14.43 11.46 14.08 11.38 302 997
Ul to NA (mm) 421 3.20 427 321 447 3.16 450 991
L1 to NB (mm) 4.60 3.11 4.72 3.14 4.53 3.03 274 .985
L1toNB(®) 16.13 10.11 15.95 10.17 16.02 10.27 .851 .996
L1 to Mn plane -6.02 11.67 -5.80 11.37 -5.89 11.41 799 997
Interincisal angle 143.52 15.08 145.10 14.92 145.28 14.87 462 998
Pog to NB 1.27 2.79 1.67 2.03 1.61 2.31 420 963
Midfacial length 93.21 4.42 92.97 4.19 92.64 432 254 982
Mandibular length 12242 5.65 122.59 5.85 122.25 5.66 198 .996
Pog-N perpend ~1.43 5.87 ~1.23 6.24 -1.90 6.42 063 994
A-N perpend 3.93 347 3.68 3.52 3.75 3.36 339 990

*By repeated measures ANOVA; TIntraclass correlation coefficient
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Table 8, Mean and standard deviation of repeated measurements of MDCT-synthesized cephalometry at 10° left rotation position

1 2 3 . ¥
P 1CC
Mean SD Mean SD Mean SD

SNA 82.12 3.17 81.90 3.20 82.20 293 384 978
SNB 77.45 373 77.73 3.25 77.88 3.18 .380 980
Facial angle 89.66 3.07 89.50 2.94 89.40 2.63 743 967
Facial convexity 8.34 8.03 7.64 7.06 8.04 6.56 .308 981
A-B plarnie angle ~7.83 5.00 ~7.00 4.24 -7.39 4.02 113 973
Mn plane to FH 23.38 5.48 23.94 5.57 23.64 5.22 173 993
Y-axis angle 61.38 3.19 61.56 3.06 61.65 2.88 671 975
Palatal plane to FH ~1.49 2.79 —1.55 2.66 —1.26 2.89 .639 950
Occlusal plane to FH 7.16 4.46 6.53 4.87 5.89 228 164 .863
Mn plane to SN 34.84 6.35 35.13 6.43 34.64 6.24 .059 .995
AFH 130.24 5.87 130.03 5.77 130.30 5.64 246 993
LAFH 73.56 4.61 73.69 471 73.47 4.55 592 .993
UAFH 5771 2.85 57.37 2.5 57.70 3.14 144 972
Ul to SN 96.67 10.34 96.53 10.22 96.61 9.51 .942 992
Ul to PP 106.59 10.81 106.12 10.77 106.31 10.12 593 992
Ul to A-Pog 6.98 2.50 7.06 2.60 6.88 241 583 975
Ul to NA(®) 14.55 11.49 14.63 11.29 14.41 10.68 853 .994
U1 to NA (mm) 4.25 3.32 4.26 3.12 3.98 2.64 .509 974
L1 to NB (mm) 4.90 3.32 4.50 3.11 4.37 2.97 .021 .990
L1toNB(®) 16.31 945 16.44 9.73 16.53 9.59 .761 996
L1 to Mn plane —6.00 10.39 —-6.37 10.67 —5.95 10.37 317 997
Interincisal angle 145.63 14.94 144.89 14.32 143.62 13.64 114 987
Pog to NB 1.72 2.13 1.35 2.62 1.23 2.55 112 .980
Midfacial length 90.89 3.56 91.24 4.12 90.73 3.77 476 949
Mandibular length 121.76 5.84 122.22 5.82 121.78 5.58 .089 993
Pog-N perpend -0.53 6.47 -0.90 6.26 -1.19 5.67 .633 970
A-N perpend 4.17 3.61 3.60 3.20 3.73 2.68 216 .948

*By repeated measures ANOVA; TIntraclass correlation coefficient

Table 6. Mean and standard deviation of repeated measurements of corrected MDCT-synthesized cephalometry at 10° left rotation
position

1 2 3 N
P* 1CC
Mean SD Mean Sb Mean SD

SNA 82.02 3.33 81.77 2.95 82.10 3.45 144 992
SNB 77.47 3.70 77.36 3.46 77.47 3.69 .600 .996
Facial angle 89.21 2.87 89.14 3.01 89.25 3.05 146 .994
Facial convexity 8.21 7.18 7.87 6.94 8.30 7.75 344 .996
A-B plane angle -7.79 4.53 =7.40 4.65 —7.95 4.86 058 .993
Mn plane to FH 23.35 522 23.39 5.19 23.64 5.23 074 997
Y-axis angle 61.67 3.06 61.66 3.04 61.67 3.20 .993 996
Palatal plane to FH -1.08 2.68 -0.97 2.63 -0.96 2.55 337 .989
Occlusal plane to FH 6.65 3.98 7.38 431 7.21 4.02 147 963
Mn plane to SN 34.34 6.60 3445 6.50 34.66 6.41 .083 .998
AFH 130.72 5.89 130.94 6.24 130.67 593 356 996
LAFH 73.96 472 74.05 5.03 74.06 5.00 818 .996
UAFH 57.78 3.02 57.95 2.96 57.69 2.77 079 .991
Ul to SN 96.40 10.29 96.12 10.03 96.25 10.46 .682 997
Ul to PP 106.27 10.86 106.18 10.65 106.26 10.98 962 .996
Ul to A-Pog 6.92 2.76 6.98 2.65 6.90 275 .740 .996
UltoNA(*) 14.37 11.61 14.35 11.19 14.14 12.06 763 .996
U1 to NA (mm) 4.29 3.17 4.08 3.17 4.32 327 400 991
L1 to NB (mm) 474 3.23 4.54 3.17 4.83 3.19 083 .995
L1toNB(®) 15.39 10.02 15.85 9.86 15.71 10.57 AT7 .993
L1 to Mn plane -6.39 10.70 -593 10.88 -6.37 11.46 701 993
Interincisal angle 145.69 15.63 145.39 14.57 145.52 16.02 .685 .996
Pog to NB 1.66 1.93 1.62 2.01 1.73 1.99 .627 .983
Midfacial length 9291 3.98 92.55 3.95 92.71 4.07 303 .986
Mandibular length 122.56 5.86 122.63 591 122.52 5.94 910 995
Pog-N perpend -1.57 6.13 —1.68 6.42 —1.46 6.44 773 994
A-N perpend 3.59 3.32 3.34 327 3.70 3.39 .048 .995

*By repeated measures ANOVA; " Intraclass correlation coefficient
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Table 7. Mean and standard deviation of repeated measurements of MDCT-synthesized cephalometry at 10° right tilting position
1 2 3

p* icc’
Mean SD Mean SD Mean SD

SNA 82.52 3.55 82.29 3.46 82.34 3.40 .854 953
SNB 77.60 3.92 77.62 3.86 77.60 3.54 .995 978
Facial angle 88.93 3.04 89.28 3.19 88.88 2.95 .380 972
Facial convexity 9.07 7.36 8.49 7.46 8.54 7.48 298 987
A-B plane angle —8.41 4.61 -7.87 4.70 -8.32 4.79 .230 984
Mn plane to FH 22.95 5.20 23.03 5.16 23.24 4.92 256 .995
Y-axis angle 61.61 3.30 61.20 3.30 61.55 312 274 983
Palatal plane to FH -0.59 2.81 -0.57 2.62 —0.85 2.76 539 .964
Occlusal plane to FH 6.37 4.15 6.75 333 6.37 3.95 788 .896
Mn plane to SN 33.54 6.63 34.00 6.56 33.79 6.09 176 .994
AFH 129.75 6.02 130.06 6.15 130.08 6.04 452 995
LAFH 73.39 4.96 73.25 5.17 73.56 4.94 352 995
UAFH 57.43 3.06 57.96 3.09 57.44 333 .019 977
Ul SN 96.28 10.69 95.52 9.56 96.18 10.05 .623 .983
Ulto PP 106.23 11.54 105.86 9.94 105.82 10.83 762 .980
Ul to A-Pog 6.77 2.73 6.64 2.74 6.74 2.57 .890 974
Ul toNA(®) 13.76 12.09 13.23 10.96 13.84 11.28 .850 974
U1 to NA (mm) 4.13 3.11 3.71 3.26 391 3.17 438 959
L1 to NB (mm) 4.76 3.18 4.57 3.08 4.57 3.15 159 .995
L1toNB () 16.80 10.08 16.57 9.52 16.41 10.13 751 .988
L1 to Mn plane —-4.29 11.02 -4.98 10.49 —4.92 11.34 492 .988
Interincisal angle 144.52 14.99 145.53 14.17 145.01 15.04 .599 983
Pog to NB 1.64 2.03 1.57 2.01 1.68 2.13 817 983
Midfacial length 92.61 3.88 92.65 3.95 92.05 3.86 243 .968
Mandibular length 121.11 5.81 122.08 6.07 121.52 5.62 124 .985
Pog-N perpend -2.16 6.39 -1.42 6.69 -2.29 6.32 .349 972
A-N perpend 3.69 3.07 3.80 3.20 3.40 3.27 544 935

*By repeated measures ANOVA; Intraclass correlation coefficient

Table 8. Mean and standard deviation of repeated measurements of corrected MDCT-synthesized cephalometry at 10° right tilting
position

1 2 3 t
P ICC
Mean SD Mean SD Mean SD

SNA 82.08 3.44 82.29 3.46 82.26 3.20 614 962
SNB 77.48 3.68 77.62 3.86 77.57 3.48 .837 977
Facial angle 89.29 3.04 89.28 3.19 89.07 3.04 123 979
Facial convexity 8.23 7.68 8.49 7.46 8.72 7.33 .348 991
A-B plane angle -7.85 4.70 -7.87 4.70 -8.24 4.60 413 984
Mn plane to FH 23.57 5.16 23.38 4.90 23.73 5.09 072 .997
Y-axis angle 61.63 3.18 61.52 3.07 61.78 3.09 141 .995
Palatal plane to FH -0.94 2.58 -0.63 2.69 -0.71 2.84 .299 978
Occlusal plane to FH 7.28 3.97 6.75 3.33 6.69 3.42 372 874
Mn plane to SN 34.61 6.31 34.42 6.40 34.58 6.38 174 .998
AFH 130.83 5.80 130.79 6.05 131.00 5.98 232 .998
LAFH 74.04 496 73.79 5.08 73.90 497 449 996
UAFH 57.77 2.74 58.13 2.88 58.14 3.08 .046 .989
Ul to SN 96.21 10.48 95.52 9.56 96.20 10.23 .641 .986
Ul to PP 106.24 11.00 105.86 9.94 106.29 10.59 .847 983
Ul to A-Pog 6.92 2.79 6.64 2.74 6.85 2.59 496 974
UltoNA(®) 14.13 12.07 13.23 10.96 13.94 11.44 720 978
U1 to NA (mm) 435 327 3.97 3.15 3.97 3.15 074 .988
L1 to NB (mm) 4.72 3.20 4.64 3.13 4.50 3.06 .045 998
L1toNB(®) 16.23 10.21 16.57 9.52 16.40 10.55 .599 995
L1 to Mn plane -5.87 11.16 -5.63 10.76 -5.70 11.37 654 997
Interincisal angle 145.04 15.14 145.53 14.17 144.97 15.06 .884 985
Pog to NB 1.72 1.98 1.57 2.01 1.48 241 379 .980
Midfacial length 92.63 4.10 92.73 3.92 92.34 3.87 541 973
Mandibular length 122.46 5.98 122.22 5.98 122.14 5.64 456 .988
Pog-N perpend -1.39 6.43 -1.42 6.69 —1.87 6.50 115 979
A-N perpend 3.70 3.39 3.80 3.20 371 343 966 .962

*By repeated measures ANOVA; TIntraclass correlation coefficient
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Table 9. Comparison of cephalometric measurements between
digital cephalometry and standard MDCT-synthesized cephalo-
metry

Digital Standard
MDCT-synthesized
Mean SD Mean SD P
SNA 82.13 321 82.14 325 995
SNB 77.60  3.62 77.54 342 950
Facial angle 89.25 299 89.20 2.85 949
Facial convexity 8.16 7.29 8.37 7.21 924
A-B plane angle -7.90 455 —7.96 444 962
Mn plane to FH 23.82  5.16 23.44 5.16  .808
Y-axis angle 61.84 3.04 61.67 296  .848
Palatal planeto FH  -0.78  2.93 -1.06 283 754

Occlusal planeto FH  6.77 3.49 6.75 336 981

Mn plane to SN 3472 640 34.44 625  .882
AFH 13230 589  130.77 575  .389
LAFH 7471 4.86 73.93 481 598
UAFH 5862  3.15 57.93 279 448
Ul to SN 96.41 10.27 96.27 10.18 965
Ul to PP 106.50 10.73  106.12  10.78  .906
Ul to A-Pog 6.51 2.60 6.89 270 641
UltoNA(®) 1428 11.48 14.14 1159 967
Ul to NA (mm) 386  3.05 4.18 316 736
L1 to NB (mm) 443  3.09 4.69 313 .786
L1to NB(°) 1599 1047 15.99  10.15 >.999
L1 to Mn plane -631 1122 =592 1142 909
Interincisal angle 14521 1527 14527 1493 988

Pog to NB 1.66 222 1.60 212 931

Midfacial length 9274 435 92.86 417 923
Mandibular length 123.31 6.06 12242 569 620
Pog-N perpend -1.53 6.53 —-1.52 6.14 994

A-N perpend 3.64 343 371 3.41 946

P: Student t-test between digital cephalometry and standard MDCT-syn-
thesized cephalometry
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Fig. 4. Directions of possible malalignments during positioning.
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Malkoc £°¢]1} Yoon 579 ¥zt @icth o] &2 Ahlg-
vist $°7%9) Az} @) AA Y FUFRFAYAIALR
& o]gsle] A Wske] oA wAe =)o AL F
o3 sy, ¥ dFlME MDCTE o| &3l &dj¢}
shFo] 9l 1:19) A} (virtual image)E AT o] 24-F
st WA EAAE o] 45ty FUZ 110% & g0
ALy 2 FERFAYAAALA S FAsHoER, F9-2
SAuakol exje) Zv)e] JFE FA U47] fEol

Malkoc 5°& 17]9] ¥/]&& dee, 245 5%
IA&o 2 3l 2% A0 14 Alolz BAA|TIHA
2R g AN Fodsle] FAabe] 23 AT
89l =), SNA, SNB, LFH, Total facial height 53} & 4
M7 AzNE Jodoz Welsh AAR £3H A2A
el $-N, Go-Me, Go-Gn/S-N, ANS-PNS/Go-Gnel| 4] wg] 3]
Ao Wikl g ZQA WA FlA Wt F 2
2% mlckm sfgle} Yoon £ A7elA 10° 249
A2 A yw, SNA, SNB, saddle angle-2- -3-2} & 2}o]7}
A3, 33wkl Abdgle]l 2E A 0.5% oA
8] x}olB M.gir}, articular angle, gonial angle, AB to man-
dibular plane anglesjA] =] 2 2po]E BGA4F 1% o<
o 2y A" AZeMe £33 A8 AEA A NS, Go-
Med& EAAoz #28 Aolrt sl 44 AHe A&
2]¢l N-Me#} S-Go EAAoz {8 2ol ¢l 4
Z+ 1% w9k} 0.5% mlRke] Apeolg Hgvhx s}giet(Table
11).

7-2o) 8k 10° 4= 314 (left rotation)2} 79 Malkoc
2] Ao A= SN —1.5mm ZHa (il 2kl 4
+0.5 mm), Go-Me +7.5mm =7} (3t ¥}8k, —9.5 mm),
Go-Gn/S-N-g& —2° ZkAa (k] 8}k, +3°), ANS-PNS/Go-G
S -1° (i wEE +6°) 52 W3 Holed (Table
11), & d7oA 22 3859 Go-Gn/S-N& $2]3 o]
7} A (P=937). & BF wkoez IAHA7F A4
ko 2 3l bl Gelge] 9 Aolo] wHE o3
ol gleme I FHHE Aoz AAFozA A
o] ZolEE Aoz g
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Table 11. Data reviews of previous study

Znix 9|

+10° (toward focal spot) 0° —10° (toward film) 10° to right 10° to left
Nasion marker -0.1 0 —-0.6 -0.3 +0.2
Ant. Max. marker -0.1 0 -0.6 —-0.3 -0.9
Ant. Man. marker -0.2 0 -0.3 -03 -0.9
Rt. canine marker -2.0 0 +1.3 +1.8 -3.1
Shaw?* Lt. canine marker +2.0 0 -2.3 -2.6 +2.2
Rt. molar marker —44 0 +4.0 +4.1 —-6.3
Lt. molar marker +4.1 0 —-4.2 —4.6 +5.1
Mean canine markers 0 0 -0.5 -04 —-0.45
Mean molar markers -0.15 0 -0.1 -0.25 -0.6
SNA (*) 85.0 85.0 85.0
SNB (°) 89.0 89.0 89.0
Go-Gn/S-N (°) 22.0 24.0 27.0
6 ANS-PNA/Go-Gn (°) 18.0 19.0 25.0
Malkoc et al. S-N (mm) 62.0 645 65.0
Go-Me (mm) 85.0 77.5 68.0
ANS-Me (mm) 66.1 65.0 63.8
N-Me (mm) 114.2 112.7 111.1
N-S (mm) 70.89%#* 71.27 69.23%%*
Go-Me (mm) 77.45%* 77.13 74.61%**
N-Me (mm) 119.79%** 118.58 117.44%**
S-Go (mm) 86.02 85.86 85.73
7 SNA(®) 80.89 80.86 80.61
Yoonetal. SNB(°) 81.21 81.30 81.08
N-S-Ar (%) 133.33 133.21 132.88
S-Ar-Go (°) 136.44%%* 135.40 136.27%
Ar-Go-Me (°) 117.01 116.59 116.51
AB/Go-Me (°) 75.53% 75.92 76.08

*P<0.05; **P<0.01; ***P<0.001

Wele) +R e AZH =2
29 A5HE 2okl 2 A

B °=l-’1L°ﬂ/~1 -T—ﬁé’“ HE] ﬁ]’“z] Ul to NA (mm), L1 to
NB (mm), Pog to NB, Midfacial length, Mn length, Pog-N
perpendicular, A-N perpendicular 5 & 719 & o} =
T OA" SHERFARARIAL ] wls] 9 s A
2] MDCToA] &A3E SR g Aul A AR A A2
Aol %23t alolx= glg) o}, midfacial lengtholl A X}o] 7}
UE 7FsAel Zoh Z3y BAHeE fodAlE oA
T ztel7t k& 7beAlel Zvhka v AFH9L UAFH:
FAA F2EY Aelx #4438 A ASA 7] HE
o], 0] 5-0] 937} g slxAo] vlmA 3Tty e A
e We 179 Aol 79T Aol wee
#7526 93] o5l o] 47 A=A (Na, ANS, Me)]
A= Ade) exelA 7)eld Aoz Azt
B9, AFE (-2 4E 3A L AZHE 47
o2 e 3 Aoz r e 74 groz o
o 2 AFeME 134 (ilting)¥ MDCTA &

R 2gEngAdAAle ASAE wE SAAe
= §o)8 2ol ¢lgiA\ T, AFHE} UAFHSIA 3o)7} 3)
& Aol mmd 27 derde 279 ARA 3 &
o)
o]

o

ZA Az AZx= AFH, LAFH, UAFH £ 3 37|12
Foll A 2707} Zhel7h A& FhRsAle] Avtm v A
Ao dFe fAE Az 44EH
3 4% = 2434 A4S MDCTIA F4T =
JER AN AZAY eart e FheA
o] AW FEFEFo] %F carrodg Fo= wE AL
Asted FAF FUFRFAYAAAA A A 2F T 7}
5Ado] zobal A& B W, MDCT &< A] #g] $x)¢} ¥
olz <ls] AZAe a7t HAE AL ] Hs
=R AMAMARA &4 A HRAPA 2AMES Aulg
F& 7o) frelstttn 7= Kumar 52 o]} 72l
CT dA4-& o] 43t SFipAdabd Al 4 Al trans-
porionic axisZ Moz Ha AXE £AHE 4 3l
o] 7129 SWFERFAAAAA AN FRIA7)e]
A gate) AEE A2 3 #e A} 22 #A
2 AAE 5 gl AEE ¥ol Hrkslga A, ol
A A o2 WAl zALFol L W]g-o] W dental CBCTS]

n‘.

g

S
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CIRIE SUESRZWANARKIZ MDCTS| 3318 A7 54
A Z Aol E 5 AR WAt zAREe] 2344 T
dddnct v #odo] fojgta) A, AR Ao P
MDCTe| A o] 3t ¥A8 7lsle A olgla Br)d=
&A1 7} glet oelbA] dental CBCTE o] 88 F7pH el A
7} FestEEl A4 EH

7 =

B A7 94" SWEEFAYAAAANA D, 23R
o] MDCT d4Anz AT SuriqAqdapdatal,
10° 43 34 (left rotation) A4 2] MDCT= A8t 215
BAARAIAALAL, 0] 8 ¢kE ear rod2 4R %le] A
ENFRFAUAA AL 10° 422 3] (right tilting) A}A] 2]
MDCTZ2 4% S5 AAAALA, o] & & ear

rod2 $Asle] A3 2SRRI AW = F 6
R Al A7 38 AxAE HRstgon AAAE
slwstlct w3 GAY SPFRFAGAAAY A=
g 7120z OE 571X Ao MDCT &4 245

TFAYAIAARAL ] A 225 v wsle], MDCT 34 24}
%%73”&/‘}"“}21 o] 71&28 A" FWERFAYAIAIAL

<+ dAE 5 deA e AT AEA]
"\_—_ 7‘_“13}"’]7(}-" 3.3}’,—3_- 031;} 5,}}‘6‘ }\] -r-Xé's}._E- 7}-}\0
A& HFAYE ol dal zAlsld ohga 2
& AR dgirt

-

e ol

—_

ri

LEAY 2R AgAAbal, 2244 MDCT 4
FLRRFALILAL, 297 MDCT T4 S5
B g AR AL, 5 824 MDCT $4-84] Z9f=x
FHRAALA, 4301 MDCT §4 2453744
APAR, 4238 MDCT $4-84 2953144t
MAAL 2% 33 AZ A APAe] ¥k

2 909 SPTEFABAAARIS £ MDCT &
A SPERFAPARIANAY AZHE 277 A2H) =
o8 Ael7} QT (P> .09),

3.9 54 MDCT §4 ZWFRFAub A, 433
A MDCT 44-34 SFR72uAbAb, 47314
MDCT &4 #4537 AAAR, $5 54 MDCT
734 BPFRFAPAIIAL 25 DAY 2w
2RI AZA g 98 2el7} glglort
(P>.05), 4 % G4l 44 A Guct Zols} o
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