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— Abstract

The aim of this study was to obtain the traceability of the software used to analyze lateral cephalometry and to
calculate the uncertainty of the measurements. Furthermore, this study aimed to provide a basis for obtaining standard
references for measurement values for orthodontic treatment in children.

Cephalometric data were collected from 100 children diagnosed with class I malocclusion between the ages 6 to 13
years who visited the pediatric dentist at Seoul National University Dental Hospital. To ensure traceability, a phantom
device was created. Correction values were calculated by measuring the length and angle of the phantom device using
the software. Type A uncertainty was calculated by obtaining the standard deviation of cephalometric measurements of
100 persons and the standard error of repeated measurements. Determination of the type B uncertainty was induced by
minimum resolution and the position of the head. Using these, the combined standard uncertainty was obtained and the
expanded uncertainty was calculated.

The results of this study confirm that the currently used software has high accuracy and reliability. Furthermore, the
uncertainty of orthodontic measurements in Korean children aged 6 to 13 years was calculated, and distribution range
for class I malocclusion with 95% confidence interval was suggested.

Key words : Uncertainty, Traceability, Lateral cephalogram

I.M B = =2=0 /0] =YKo E2| AL UCHL2 ===

(Uncertainty)= "S53 8 a2z FYo 459 ZUE

=20 Ot 58 205 Eng = 1 4ol ME=8 U dS LIEtH = Tf2t0jE"2 Fo=H SF-e| 2Hol FEaE
Efli= O QX gt /M LIEHLO{Of oLt O] S %3H 5 2k OofL|2t =L Melol ME| BEE QOlettl]. &, ZF 2L
Y Z20E O|8ot= ME S0l 1 2o MBEE E7hE + U of 282 o2 M HYS ofRAS W FFe0| 2=3t= Yol
1, OHE FY 2L #E0 Hl g 4 ULk 0[S I3 22fof £ O F& M2 5 A=X|0f et 7ol of2s 74 g2

Corresponding author : Teo Jeon Shin

Department of Pediatric Dentistry, School of Dentistry, Seoul National University, 101 Daehak-ro, Jongno-gu, Seoul, 03080, Korea
Tel: +82-2-2072-2607 / Fax: 82-2-744-3599 / E-mail: snmc94@snu.ac.kr

Received June 3, 2017 / Revised September 11, 2017 / Accepted September 4, 2017

XThis research was supported by Korea Research Institute of Standards and Science.

65



J Korean Acad Pediatr Dent 45(1) 2018

o §38¥3
— fz = — 0 N
._qu._ll_h_b %._o_nm.UI.._m_uL
T o ST TS
L._I.I._LI mmo._lr_Ll..U
— 10 Jo o 9 od /7 o2
2 B0 W KO zm S =
moon B < ofu =
o R ol o AIr KIr oll
S o nu r SRR R
— —_ K
A._._Mmm S < B Woyr
= — - | 10 0o
25T mapEE ;
% o X o u £
zF <0 moomoow_/ﬂ g
= 10 %o W o e g
KAr = o = frdoz B 2
= o I ® T o 9 s 5
gr op W Koo & &g 5
T U2 XWX OIS
o o TT e 3 oW <
X {r ol > = 9 b 3 -
- iy 0 o0 F Rl K
LWT Klo .u.u.._ KIr M|_ oo e 3 ﬂm
e OF —=— u = e}
<0 S I il #ﬂoma_amm
T W o 0 o 2 9
Ho— U3 = o Y & 3
_l_l r = 0 _l_l I _I._.Dﬂlﬂ_.lo
Bl mﬁ_v < au”_m Bl KIr mﬁ Ny A o_m
i H X = i = Il S Ol 4 K
— (@] [a'd [®)]
o RO o 3 B i K
T OB W Ok RO Kr e e Y T R - W8 35 /<D
M 0 T RO or B 0l & =< rH oF =3 g0 IH mm i MH ol o 2> 8l i KO
S Mt @ X Ry g REF g R
WE R g® o gpfflhgy o® eI oA 3o oK
|__|_._PLI Fmgl |ﬁl._o_|.1||r|_..lu_||1_u_ H__u_ +=< w|mﬂ_]
|_._._Lm.._A_|_o_A|_m OH__ll.A_.._A._PlA.Il_%I:/ 7H_._.___.=aH_ =)
mo ME LW gy Wy FI N MW e s T
W B EdwE H@BEoasx @Puoe D FH06 G
Bx“®gmy RAFUWUTETzmgys @0 Tz
nd = — = R ——1 s T — =
momﬂr;:mmn_ol_oM Hﬂm._Hﬂ_Low_._uTuoo_o_. MU RRSX
S o R LA H o B oo Moy w oW T oo oy
Wy THrs RB Y ym W O NI T TR ]
T RZT® N IR EEoRos PwloE
7Eo|_wlww¢ﬂ_|ﬂx_o au WLI_n_l_-._._u..AﬂmMoo_ o_EH._._.AH_qu_/IE__.
wmﬂPEmo.rﬂ. _ TERBAE oo | W g W
Mo R4+ DTS co®g®lad s
o g N .x__l o W — a3 ®© =40 > K - ! :._._ 0 o = T
T - B T . - [ S | A
D N S e - S CRRC RS v S S
= & &0 L W — . k0O <k C e T 4 B0 22 yr
= o% B N = T oi$ uk w g 22 < o3 TH 8l or
o & AIr ol = <A e rl 5 — = = -
X o o oF W= SR gD S B o BT
i H ooy A Sor L UM RS &m0 Hayg g W -3
T R N U =T = " B A TR B -
Mo Moaom B S g 0S5 T SRR B
=3 o K HA_.Q?uﬂtho_.m._ﬂ_._L/[uu_.%mgwE_E:__onr
K =~ B — — H oo gn = M mh o J 0 umo T If o = ol IH
D G H T g TRy M E oty > Kar oW
S0 of Rr ml ¥ < o R <0 "t ol K Bl o © I VI |1
Ho Ko or <F RU M T KO ok 80 of { of ~ < M oo 7l uu & el A o%

Pn
ANS
Sn
UL
U1
L LL
Pog’

B
PM
Pog

Or

Me

Go
Fig. 1. Cephalometric landmarks used in this study.
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Table 1. Cephalometric skeletal and dental measurements

J Korean Acad Pediatr Dent 45(1) 2018

Measurements

Definition

Convexity
Maxillary depth
Facial depth

SNA

SNB

ANB

Cranial deflection
Cranial length
Lower facial height
Facial axis
Mandibular plane angle
Mandibular arc
Corpus length

L1 to APo (mm)

L1 to APo (degree)
U1 to APo (mm)
U1 to APo (degree)
L1 to Mand.pl
Interincisal angle
Upper molar position
Nasolabial angle

Distance from point A to N-Pog plane

Angle determined by Frankfort horizontal (FH) plane and Na-A line

Angle determined by FH plane and Na-Pog plane

Angle determined by point S, point N, and point A

Angle determined by point S, point N, and point B

Angle determined by point A, point N, and point B

Angle determined by FH plane and Ba-N line

Distance between point CC and N

Angle determined by point ANS, point Xi, and point PM

Angle determined by Ba-N plane and Pt-Gn plane

Angle determined by FH plane and mandibular plane

Angle determined by plane Dc-Xi and PM-Xi plane

Distance between point Xi and PM

Distance from lower incisor edge to A-Pog line

Angle formed by the intersection of tooth axis of lower incisor and A-Pog line
Distance from upper incisor edge to A-Pog line

Angle formed by the intersection of tooth axis of lower upper and A-Pog line
Angle formed by the intersection of tooth axis of lower incisor and mandibular plane
Angle formed by the intersection of tooth axis of upper incisor and lower incisor
Distance between pterygoid vertical to the distal of upper molar

Angle formed by intersection of Cm-Sn line and Sn-Ls

UL inclination Angle determined by FH plane and Sn-Ls plane

UL to E.plane Distance from point UL to E-line

LL to E.plane Distance from point LL to E-line

ODI A-B to Mn plane + FH to palatal plane

APDI Facial depth + Facial plane to AB + FH to palatal plane

McA Distance from point A Nv line (perpendicular to FH plane from point N)

McPog Distance from point Pog Nv line (perpendicular to FH plane from point N)

Ul to FH Angle formed by the intersection of tooth axis of upper incisor and FH plane

2) 28 224 (traceability)o] &t HitH 4E V-ceph 552 0|88} Z7 At0|2] Zt=2ot Z0|E AS5tY

20|, Zt= SO0f it A ZF2k0| A= phantom FHH|O| F&2 ChFig. 3). O] &t2 HEZ IS 7|& AN HSdhE phantom
ASLA dde 2% 2, 2 GRAM AFESHL U= & oM Ztztel Zojet 285 E Sd A= ASH ol 4=
ZEQYHE 0|83l0| phantom HH| #Y S&S AT of H|wstAOoH, 2tf&(1660/1500 = 1.11)S 12{5t0 w7t
phantom ZH|Q| AZ4fS HWSIH w7 (correction value) S AAHSHACE
2 Aldte = QUL 0|2 QI8 BEMS|eR =8 SEE
TAE A LA #SB0[ 7Hs0t phantom TH|S X 25} 2UCt 3) 28k (uncertainty) A& 2
(Fig. 2A). O] phantom &= 7t& 574, M2 57He| 277t et SSEE AY 23T0 BY 2RER 2REC AY EEE
T Ot 2E T2 MASIRUCE P2t S LT FREAZLAY 2= e 50 tE ZE0 2 HAET A 7
Y #Y YH|Z phantom FH|Q| LA AT HYZS Bt ote B, BY HEEEEs 7|E BE E= 202 83 5
O, O] I 20 Af phantom FH|2| #2|= 1500 mm, k-0 Fa40l 7t = U= SAE LS 7HE0H0] 7]

M detectorl}X|2] HE|= 1660 mmO| QL

_'_

(Fig. 2B). 201%l &
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1.15 x 10" mm
173 x 10"
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90° when viewed from above and (D) its radiographic im-

and (B) its radiographic image. (C) The re-assembled phan-
age.

tom device so that the angle formed by each component is
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20| FRASZYAIAITIS tfgs detet g+ 2te 20| 2. 28t AAt

= 8 2772 mmO|RACt F, V-cephs S8l FEE= Z0|gt

2 HHZEC 004 mm A SFEES SASHALE Mt W §AM HMotE HES 08310 ALt 22 Table 30f Lt

H2 004 mm=z A L[ RACH EtLt QUL

Oldel ZIHE TS0l £ W 159 2¥ugs 717 2t 6 - 13

2) UE M| AFO| A0to| W™ AZEZ 9| standard reference= 95% AMZ|
phantom ZH|o| HAM F S V-cephS S H=E & %‘WOM Ch2a 22 22 Fa|7t 22 =ole + A/UCHTable

510l B 44.82°¢t2 YRUCt Phantom FH| 4= o ). Ch2A BH5HH, MEStistn X[HHANM AEdt=s FF

4493°C 2, V-cephE S FFEl= A=¢2 LM YLD 011° ASLANEY HAYHE 0I%3+04 ot LAY FHE

A SEES oAt MEtAM n¥g2 011°YE & 5+ V-ceph Z2OMO 2 ZAMot O 6 - 13M| £0t0AM 2] uFAH

ULt U2 5% H2|EZ Table 40A HEAlSH H| Lo 222

0I5 Lt
Table 3. The mean, standard deviation, correction value, and uncertainty values obtained in this study
Measurements Mean Standard Deviation (U,;) Correction Value Uy U, Us, Uc Ue

Convexity 341 123 0.04 011 0.00 0.12 124 248
Maxillary depth 89.17 191 011 0.13 0.00 0.17 192 3.84
Facial depth 85.98 192 011 0.09 0.00 0.17 193 3.86
SNA 80.30 253 011 0.12 0.00 0.17 2.54 5.08
SNB 76.75 247 011 0.13 0.00 0.17 248 496
ANB 354 0.95 011 0.12 0.00 017 0.97 1.95
Cranial deflection 2814 152 011 0.13 0.00 017 154 3.07
Cranial length 56.98 3.07 0.04 0.15 0.00 012 3.08 6.15
Lower facial height 47.09 341 011 0.24 0.00 0.17 342 6.85
Facial axis 85.13 2.51 011 0.09 0.00 0.17 252 5.04
Mandibular plane angle 2855 3.97 011 0.18 0.00 0.17 3.98 7.96
Mandibular arc 33.87 470 011 049 0.00 0.17 473 946
Corpus length 65.36 3.74 0.04 023 0.00 012 3.75 7.50
L1 to APo (mm) 3.63 232 0.04 0.10 0.00 0.12 233 4.65
L1 to APo (degree) 23.53 5.10 0.11 042 0.00 0.17 512 10.24
U1 to APo (mm) 767 2.68 0.04 0.09 0.00 0.12 2.68 537
U1 to APo (degree) 31.92 736 0.11 037 0.00 0.17 737 14.74
L1 to Mand.pl 92.84 5.81 011 0.36 0.00 0.17 5.82 11.65
Interincisal angle 124.55 10.6 011 049 0.00 0.17 1061 2123
Upper molar position 1144 318 0.04 0.17 0.00 0.12 319 6.37
Nasolabial angle 91.32 9.99 011 154 0.00 0.17 1011 20.22
UL inclination 116.87 717 011 0.68 0.00 0.17 7.20 1441
UL to E.plane 232 1.85 0.04 0.07 0.00 0.12 1.85 371
LL to E.plane 2.82 272 0.04 0.07 0.00 0.12 272 545
ODI 7134 486 011 0.30 0.00 0.17 487 9.74
APDI 80.66 2.35 011 0.19 0.00 0.17 2.36 473
McA -0.78 2.08 0.04 013 0.00 012 2.09 417
Mc Pog -7.76 3.72 0.04 0.17 0.00 012 3.73 745
Ul to FH 114.06 730 011 041 0.00 0.17 731 14.63
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Table 4. Standard reference of lateral cephalometric measurements of children with class I malocclusion (95% confidence interval)

Standard Reference Given by V-ceph 5.5

Measurementsz Standard Reference Obtained in this Study (at 9-year-old)

Convexity 345 + 248 420+ 210

Maxillary depth 89.28 + 3.84 91.30 + 3.00

Facial depth 86.09 + 3.86 84.50 + 2.50

SNA 8041 + 5.08 81.00 + 2.70

SNB 76.86 + 4.96 78.50 £+ 2.70

ANB 3.65 £ 1.95 2.50 £ 2.00

Cranial deflection 28.25 £ 3.07 28.00 + 3.00

Cranial length 57.02 + 6.15 55.00 + 2.50

Lower facial height 47.20 + 6.85 48.20 + 3.50

Facial axis 85.24 + 5.04 85.50 + 3.00

Mandibular plane angle 2866 + 7.96 29.50 + 4.00

Mandibular arc 33.98 £ 946 29.00 + 4.50

Corpus length 6540 £ 7.50 63.00 £ 440

L1 to APo (mm) 3.67 + 4.65 440 + 1.60

L1 to APo (degree) 23.64 + 10.24 26.00 + 5.00

Ul to APo (mm) 7.71 + 537 7.00 + 2.00

U1 to APo (degree) 3203 + 1474 27.00 + 5.00

L1 to Mand.pl 92.95 + 11.65 96.00 £ 6.00

Interincisal angle 124.66 + 21.23 122.00 + 4.20

Upper molar position 1148 + 6.37 12.00 + 3.00

Nasolabial angle 9143 £ 20.22 93.50 + 10.50

UL inclination 11698 + 1441 110.00 + 8.00

UL to E.plane 236 £ 371 -0.50 + 2.00

LL to E.plane 2.86 £ 545 3.00 £ 1.70

ODI 7145 £ 9.74 72.00 £ 530

APDI 80.77 + 473 81.00 + 440

McA -0.74 + 417 1.00 + 2.00

McPog -7.72 £ 745 -6.00 + 2.00

Ul to FH 11417 + 14.63 111.00 + 0.00
IV. £2 9 A AT N ALSE YA BYHH|, BHER Y0 B2 434
O SEEX| YOITH AFHO0| LBEX Y FH|, EHZ2]
FREASYAIG LS E2f 0[S (tracing)otl EAH0| A0 YoM ZFE Bits Lo ASUS BHYSHR| Zotth 2 A
M Zdit 22 Mold2 X0l Q40|CH14]. O|Fo| A TOME= Zo|Qt Z=0f Ciet AFEt0] &HZLELt 0.04 mm,
TOME CIXE oS 0|8% FRAZYAE 24 =21 0.11° XA HFEES QSR 0|Z ngFus sl EFsIA
ol Fehdut M5 FIHHr| Qs H&H 2l hand tracing Ch SHXIZ O[T Q| AFOIA AFEE YAMd A, 24 41
2 8o 7o AFU Z2OMS 0|88 ¥ AHLE Hlu EQof7t 2 Aot SYSHA|= QCh BHof HFE0| HHAE
ot YyS B0l ArESIRIEH1011,15-17]. O 21 2ZEQ0f WESHA Bt (overestimation) BHLHH ZMATEQIOE &
£ 0|8¢ch HA0| MEHol WY FAR o Mgt d of FoliRl= WEASFUS 24X YEC 3A ECh gz AR
S=E 7HX& 20| B &1 UCHI0NT7). g Mol go|Lt a2 XMZ(underestimation) SHCHEH MEZHSgk2 HA o
2ol HEHQ YWYt Foloh X0|7F AX|T YYHez § Ch 22 42 7HTICE Mt dHgS Brdsty| o) wdits
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