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Comparison of landmark positions between Cone-Beam Computed Tomogram (CBCT)

and Adjusted 2D lateral cephalogram

Soo-Jung Son, Youn-Sic Chun, Minji Kim*

Graduate School of Clinical Dentistry, Ewha Womans University, Seoul, Republic of Korea

Purpose: This study aims to investigate if 2D analysis method is applicable to analysis of CBCT by comparing measuring points of CBCT with those of Adjusted 2D Lateral
Cephalogram (Adj-Ceph) with magnification adjusted to 100% and finding out at which landmarks the difference in position appear. Materials and methods: CBCT data and
Adj-Ceph (100% magnification) data from 50 adult patients have been extracted as research objects, and the horizontal (Y axis) and vertical (Z axis) coordinates of landmarks
were compared. Landmarks have been categorized into 4 groups by the position and whether they are bilaterally overlapped. Paired t-test was used to compare differences between
Adj-Ceph and CBCT. Results: Significant difference was found at 11 landmarks including Group B (S, Ar, Ba, PNS), Group C (Po, Or, Hinge axis, Go) and Group D (U1RP,
U6CP, L6CP) in the horizontal (Y) axis while all the landmarks in vertical (Z) axis showed significant difference (P<.05). As a result of landmark difference analysis, a mean-
ingful difference with more than 1 mm at 13 landmarks were indentifed in the horizontal axis. In the vertical axis, significant difference over 1 mm was detected from every
landmark except Sella. Conclusion: Using the conventional lateral cephalometric measurements on CBCT is insufficient. A new 3D analysis or a modified 2D analysis adjust-
ed on 19 landmarks of the vertical axis and 13 of the horizontal axis are needed when implementing CBCT diagnosis. (J Korean Acad Prosthodont 2014,52:222-32)
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293 5}9] T} CBCTo) 4] 910} 7] data’= DICOM (Digital Imaging &
Communication in Medicine)u}! & 2] © 2 W 3l3}o] | A3k &,
OnDemand3D™ (Cybermed Inc., Seoul, Korea) <} V-ceph3D (Osstem,
Seoul, Korea) = 2 7128 A}-8-3}e] MPR (multiplanar projection
reformat) 73 % At G2 A P8t 3IDE ASH S
A 55 sk thFig. 1).

Nasiong 71554 (000) - & sted AIS4 9| X, Y, 25| &5k
S 32319 TE XE L 3, 9 Orbitale (On)Z ] & 2] A o] H g3}
o} Nasion 2| LHE 24, Y3 & 92 Pool 4] 2, 4-0r 0]-& 4
Aol Wl 5407} 315 Nasion® 7|V 24, 2 & X, Y
23} 570 v Nasion® 2|1z A4 © 2 43Sk X3 3
F S Qh vt gkate] A gk ekl fr&ofthal A+
=Tk 22} o] A7 CBCTY] Al 273 S Adj-Ceph} H]
wate 2 o| B8, XF HE LS ARSI ST Y 58k
& AlS4d 0] Nasion®] 3ol 3|51 (), Sl $1x]shd
(h), 25 FHE S AlS4 o] Nasion/dHoll $12]5H (<), skl
A8k (D= A SFITHFig. 2). BE data= 179 9] A A A7}
A5 skt
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Fig. 2. X, Y, Z axis of CBCT. N, (0,0,0); X axis, (-), right, (+), left; Y axis, (-),
anterior, (+), posterior; Z axis, (-), upper, (+), lower.
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2) Adj-Ceph

X-ray 2 7] Ortho Stage AUTO [T CM(Asahi, Kyoto, Japan)=-
o] &3} 75 Kvp, 15 mA, 1x9] Ao & 29 3}a1, V-ceph
ver.7.0 (Osstem, Seoul, Korea)Z- o]-&-3}o S &8 100%= K
%8 A Coph's 7 24T

Y& FH plane (Po-Or & o] & 7] 4)} 7 3} 351 Nasion 7] 1}
£ A4, 25 Nasion® A 1J8l, Y3} +49] 4102 44
SIAHFie 3). LE daint 19] A4 A S350,

HASA

ASH] X<} T3 ARl e} Y5, 259 ASAHES
2424 9] 2F o2 Yol B4 skl th Group A= F/lE
Ao 9= A ZH 52 ANS, A, B, Pog, Gn, Me©| 31, Group B&
FNE 5, Tl A AISHER S, Ar, Ba, PNS©| 11, Group
C= &, ¢ 53 == A 24 E & Po, Or, Hinge axis, Go©| 11 Group
DE x]o}e] A &4 E 2 UICP, UIRP, U6CP, L1CP, LIRP, L6CP©]
CTHTable 1, Fig. 4).

#, & 23 P ASHEL BCTIN = F & ASgS =
e T P gk AL 819 3, Adj-Cepholl A &= 542 A &3}

|

Fig. 3. Y (Horizontal), Z (Vertical) axis of adjusted 2D lateral cephalogram. N (0,0);
Y axis, (-), anterior, (+) posterior; Z axis, (-), upper, (+), lower.
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AT Ar= CBCTO A 7 2] 5] 7] o= 71540 o] . wh2bA] 33}
9 g7gol obd MPR 3= B Al Skt

4 A A8 4 A

3 ¥ 2F 3= PASW Statics 18 (SPSS Inc. Chicago, IL, USA) &
A 717 L2 WS AHEste] HAk A A =Skt

A 22} 41 2] E(Intra-examiner reliability) 2 33 7}6}7] ¢ 8]
% 5070 2] CBCT} Adi-Ceph -0 4] 217} 153 <] image’S: 474 3
of 27 ¥, oA S stk 5/ A < (Intraclass Correlation
Coefficient, ICC)Z- o] &3l &7} 3191 ch.

A 24} 7+ Al 2] & (Inter-examiner reliability) S 3 7}5}17] 9] 51
%507 2] CBCT9} Adj-Ceph data Z-0Y| 4] 22} 157 ] image S A1
Haed 494 9l 29°] R} SR FhIRAS
(Intraclass Correlation Coefficient, ICC)E- ©]-8-3}] 3 7} 5} th.

CBCTel A & (x,y,2) ZE L Tl A (1, 2)2F Adj-Cephol| 4| &
& (¥, 2)E paired t-test A| 3§ S}SATH

Adj-Ceph 2+ 3¢5} CBCT 2T gke] 2o & F-3hol, 3ol 7k
I mmo] o 2 #3F gke] atolof| fo] gk 2to| 7} Sl= A5 &
Golr ghrh fro] -2 0,052 A4 FATh

Fig. 4. Classification of landmarks' position. Group A (Anterior landmark,
marked A), ANS, A, B, Pog, Gn, Me; Group B (middle and posterior landmark,
marked ®), S, Ar, Ba, PNS; Group C (R, L overlapped landmark, marked %), Po,
Or, Hinge axis, Go; Group D (Dental landmark, marked m), U1CP, UIRP, U6CP,
L1CP, L1RP, L6CP; red round, Nasion.
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Table 1. Definition of landmarks

Landmark 2D Definition 3D Definition
Group A ANS Tip of the anterior nasal spine Anterior nasal spine
A Deepest point between ANS, and the upper incisal alveolus Deepest point on contour of maxillary alveolar process
B Deepest point between Pogonion, and the lower incisal alveolus Deepest point on contour of mandibular alveolar process
Pog Most anterior point of the symphysis Most prominent point of mentum
Gn Most inferior point of the mandible in the midline Lowest point on mentum
Me Most inferior point on the symphyseal outline Most inferior point of mandible in the midline
Group B S Center of Sella Turcica Center of Sella Turcica
Ar Intersection of inferior cranial base surface and posterior surface Predicted intersection of inferior cranial base surface and
of condyle posterior surface of condyle
Ba Most inferior point of the Occipital bone Anterior midpoint on foramen magnum
PNS Tip of the posterior nasal spine Posterior nasal spine
Group C Po Most superior point of the external auditory meatus (R, L) Most superior point of external auditory meatus
Or Most inferior point of the Orbital contour (R, L) Most inferior point of the orbital contour
Hinge Axis Center of rotation of the condyle Center of rotation of the condyle
Go Lowest posterior and most outword point of the mandible (R, L) Lowest posterior and most outward point of
the mandible
Group D UlICP Tip of the crown of the upper incisor (R, L) Tip of the crown of the upper incisor
UIRP Tip of the root of the upper incisor (R, L) Tip of the root of the upper incisor
U6CP Mesiobuccal cusp tip of the upper 1 molar Mesiobuccal cusp tip of the upper 1* molar
LI1CP Tip of the crown of the lower incisor Tip of the crown of the lower incisor
LIRP Tip of the root of the lower incisor Tip of the root of the lower incisor
L6CP Mesiobuccal cusp tip of the lower 1* molar Mesiobuccal cusp tip of the lower 1* molar
21} 3. 1 mm olAfe] EtEgte| Ko7} U AISH
IRAE LR PFHoR 9 Fol IS Z % Yok HEHE)E I mm o]
9] Ao] & Holt AZHES B ek
AlSA W A1 2] &= 3 7} 22 3}, Conventional Cephalogramel] A & & Y= Group A (Gn, Me), Group B (S, Ar, Ba, PNS) ¢} Group C (Po, Or;
EAISH A Y 0831 0], 23 0954 0173, CBCTel| A= =& Hingeaxis, Go), Group D (UIRP, U6CP, L6CP) & & 207} - 137 ]
AZ- oA Y3 0976 014, 23 0940 ©] o] ATk A 1mm 0] z}e] 7} 2121 ChTable 2, Fig. 5)
A&} 7+ 212 = 3 7} A 7} Conventional Cephalogramel] 4] = & 73 Group B(S)E 7| 9] g, %207 5= 1971 A 53 el A 1 mm ©]
EAZA A YZ 0975 014}, 2% 0905 o] 4 CBCTo| A = B E A 2}o] 7} )L th(Table 3 F1g 6).
ASA A Y3099 ©] 73, 73 0.984 o] /g0l Tt
ASA W, A SAF 7H A2 = A AF 25 Landise} Koch®7 | 4] A] 4. Groupoll t2 Zt3EZL2] Xfo| H|w
g+ 7] E(kappa coefficient®] 7] <0 = poor, .01 .20 = slight,
21 40 = fair, .41 .60 = moderate, .61 .80 = substantial, .81 1 = almost YZ2] Group A= A A of| 4] CBCT 2} adj-Ceph?t Z & 3k 2Fo] &
perfoct )ol] W} 41 2] ke 0 2 AT, o) A ito] 134 mmz ThE T EI} ¥l w S w) AA K
© 2 z}o| 7} ZHA| VFEFk T Group B PNSHF 261 mm=z T A|
2. ZEZte *o| 24 =% ur} 2ol 7} A3k S, Ar, Bak 6 mm o] 40 2 Vyebt

T} Group C= OriF 279 mm=E ThE A S 5 B} xfo] 71 &gk

YZ:0f| A= Group B 91| A S, Ar, Ba, PNS, Group C 5| A] Po, 31, Po, Hinge axis, Go:= 6 mm ©] 4} }o] 7} Wt} £3] Po=10.16

Or, Hinge axis, Go, Group D Z=J| 4] UIRP, U6CP, L6CP 5- & 207} 5= mmz Y= AA A 2ol 7} 71 Z1Tt). Group D& U6CPL}

LR A f2l 8k 2ko] 7} QI THTable 2). ZZol| A= A A A2 L6CP7}3mm o]/ xko] 7} UpEls 2., UIRP, U6CP, LIRP, L6CP

Aol A 522 Ao 7} 9K Table 3YP<O1). o4 CBCTe] 2 gte] ADJe] - ghich Y3 o] 913)3)
THTable 2, Fig. 5).
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Table 2. Horizontal difference between Adjusted 2D Lateral Cephalogram and CBCT (values of Y axis)

Adj-Ceph (N = 50) CBCT (N=150) Mean =+ SD of the difference between
it Mean + SD (mm) Mean + SD (mm) Adj-Ceph and CBCT (mm) e
GropA  ANS 348 + 450 426 + 2.88 078 + 321 09
A 012 + 410 089 + 2,93 0.77 + 2.56 039*
B 1.95 + 9.54 098 + 838 097 + 391 086
Pog 061 + 10381 019 + 930 080 + 443 208
Gn 314+ 1113 409 + 955 134 + 458 044
Me 785 + 1073 68 + 927 127 + 457 055
GrowpB S 7111 + 4.10 6501 + 354 610 + 153 <001%*
Ar 86.79 + 5.77 7849 + 501 8.30 + 2.83 <001%*
Ba 97.10 + 648 8793 + 517 9.18 + 3.19 <001%*
PNS 4785 + 460 4524 + 352 261 +3.10 <001%*
Po 97.16 + 6.03 87.00 + 5.05 10.16 + 3.06 <001%*
GroupC  Or 12,02 + 3.07 922+ 235 279 + 249 <001%*
Hinge Axis 8238 + 548 7555 + 475 683 +2.39 <001%*
Go 76.60 + 7.54 6859 + 646 8.10 + 3.66 <001%*
GroupD  UICP 787 + 605 699 + 489 088+ 317 055
UIRP 460 + 424 324+ 349 150 + 278 001%*
U6CP 2707 + 591 2152 + 444 555+ 411 <001%*
LICP 645 + 693 603 + 625 0424314 346
LIRP 379 + 898 284+ 787 094 + 979 498
L6CP 2024 +733 1823 + 6.72 301 + 339 <001%*

* P03, ** P<01.
(-) sign on Mean =+ SD of Adjusted 2D Lateral Cephalogram and Mean + SD of CBCT refers the given landmark is located anterior to the datum point (Nasion / Z axis).
(-) sign on Mean =+ SD of Difference between Adjusted 2D Lateral Cephalogram and CBCT means Landmark on Adjusted Cephalogram is more anterior than CBCT.

14.0
12.0
10.0
8.0
6.0
4.0
2.0
0.0
2.0
(%) << Q i) < ) & < [50 (%] e} S @ e} Q Q Q Q 2 Q
= g I < Q 6 O T O O T QO
< Q %] foy g)‘? T 5 & 5 509
ig
Group A Group B Group C Group D
- » - > » >

Fig. 5. Horizontal difference between Adjusted Cephalogram and CBCT (values of Y axis) (mm).
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Table 3. Vertical difference between Adjusted 2D Lateral Cephalogram and CBCT (values of Z axis)

Conventional Cephalogram (N = 50) CBCT (N=50) Mean =+ SD of the difference between

it Mean + SD (mm) Mean + SD (mm) Adj-Ceph and CBCT (mm) e
Group A ANS 60.65 + 4.56 5524 + 3.69 545 £1.99 <.001**
A 68.93 + 5.08 6148 +4.36 740 £2.13 <001**

B 116.85 £+ 8.02 107.01 £+ 6.93 9.80 +3.36 <.001**

Pog 130.15 = 8.72 117.84 = 7.28 1233 +£2.96 <001**

Gn 135.52 4 851 12239 + 743 13.10 £2.72 <.001**

Me 137.46 = 8.78 124.56 + 743 12.83 +2.80 <.001%**

Group B S 13.82 = 3.64 1175 £ 2.74 0.90 +2.99 <001**
Ar 48.89 £ 5.56 4485 +3.78 263 £3.71 <.001**

Ba 56.19 £+ 6.50 5141 +4.10 3.19 £4.10 <.001**

PNS 61.80 + 5.24 54.77 + 3.90 623 +£2.83 <.001**

Group C Po 31.66 +2.79 2932 +2.15 2.06 + 2.67 <.001**
Or 31.66 +2.79 29.24 + 2.05 2.15+225 <001**

Hinge Axis 4271 £ 4.74 36.19 +2.81 448 +4.04 <001**

Go 10042 + 9.65 91.54 + 7.84 8.00 + 4.19 <001**

Group D UICP 92.88 + 5.99 84.55 + 5.12 842 +2.19 <.001**
UIRP 7129 +5.11 6421 +4.54 6.87 £2.16 <.001**

U6CP 87.61 + 6.02 79.87 + 4.83 733 £257 <.001**

LICP 92.04 + 6.01 83.56 + 5.54 8.59 + 1.96 <.001**

LIRP 109.58 + 6.99 100.84 + 6.09 8.83 +2.51 <.001**

L6CP 88.65 + 6.20 8141 +£5.23 6.94 +238 <001**

* P03, ** P<0l.
(+) sign on Mean =+ SD of Difference between Adjusted 2D Lateral Cephalogram and CBCT means Landmark on Adjusted Cephalogram is more lower than CBCT.

18.0

16.0

14.0

12.0

10.0

8.0

6.0

4.0

20

0.0

Group A Group B Group C - Group D
-~ > «——————

A
/

Fig. 6. Vertical difference between Adjusted Cephalogram and CBCT (values of Z axis) (mm).
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Table 4. The difference between conventional cephalogram and CBCT data of
duplicated skull model

Y axis Z axis
it Mean (mm) Mean (mm)
Group A ANS -0.66 2.14
A -048 245
B -0.42 4.61
Pog -0.99 447
Gn -1.53 476
Me -0.69 5.37
Group B S 2.12 -0.26
Ba 236 0.78
PNS 1.22 2.02
Group C Po 2.54 0.46
Or 0.94 0.79
Hinge Axis 0.24 545
Go 2.83 290
Group D UlCP 2.60 2.60
LICP 2.87 2.87

2% 4] Group A= A A AlSH oA T2 15 vlal 2 2t
o] & Yehil=t, 53] B, Pog, Gn,Me= 10mm % $-2] 2}o] & 1}
BT Group B $7} 09 mm= 73 Ao A 71 2H-& 2fo] &
B3, PNS7F623 mmO 2 T2 Al S § K} & Ajo| & B
t}. Group CE Po 2.06 mm, Or 2.15 mm] 2}o| S e} 11, Hinge
axis 448 mm, Go 80 mm<]| Z}o] & K. t}. Group Di= A A| A1 S4
ol /] 6 mm ©] 2] x}o] & K. th(Table 3, Fig. 6).

b. SH FIH 2o AFk =4

EA| T 2 o] ASake] Afo] & A g A 3}, Con-Cephot
CBCT2] Al &gk 7hol] YZ:oll A = -0.66 mm - +2.54 mm, ZZ]| A]
= 026 mm-+545 mme] x}o] 7} el Y& A &= fo] 7}
AA] &k o, 73l A = Group A2 B, pog, Gn, Me2} Group C2]
Hinge Axis 5ol A +4.61 mm - +545 mm2] Z z}o| 7} Yebydtt
(Table 4).
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SR BT AR Aol 7Y Ho) Al o 2 ek th Kim 5
o eJatd o2 dellA] a7} Bol RA st ASHES
8 -8hA o ' Al FHEH = ASHE0 It

Group C= 270l 9125k Adi-Cephell A FHE = ASHE
2H F, 9 FHE ASse B olA T2 A vlE)
A 577}t Beol A2 5 $Ath Schlicher 579l 2]} Po=
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ORIGINAL ARTICLE

Cone-Beam Computed Tomogram (CBCT) =}

Adjusted 2D Lateral Cephalogram@| AE& Xl0[0f| 25t H|w o7
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