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— Abstract

The purpose of this study was to calculate uncertainty of orthodontic measurement in skeletal class Il malocclusion
children using lateral cephalometry analysis software which obtained traceability in previous study. Using this data,
standard reference of measurement value for skeletal class Ill malocclusion was obtained.

Lateral cephalometric data was collected from 144 children who visited Pediatric Dentistry from 2017 to 2020 for
orthodontic treatment. Orthodontic measurement was analyzed with software which obtained traceability. Type A
evaluation of uncertainty and type B evaluation of uncertainty was calculated to obtain combined standard uncertainty
and expanded uncertainty. Standard reference of skeletal class Il children was compared to standard reference of skeletal
class | children.

Distribution range for skeletal class Ill malocclusion children aged 6 to 10 with 95% confidence interval was provided
using calculated uncertainty of orthodontic measurement value.
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I.M =2 2t 2Y YHE O 52 FdE 71 FH|, dA2[2 sIFHL=E

£ 1X EFE(Primary standard)2 2 HZA|7|= EASHE HD

K|t 20F0 M CHdol 24 Z2 13 Sob LA T4 9 122 FOlEH[1], O|2X o2 25d0| HELX| §e =210

AS0| AdyXMoz de| o[8[ QUL LEEXCE T2 S ol B 42 TS B BYsy| of ALYt ZH- gk

0| 8% HLFEAZLAM o 242 BHUB0| 7|0fst= O] &gts HOtLt F=t3| CHS=X] =QIst7| Qs ZEEH|2

40 BRI E AFSH=0 A0M R8T HEo|ct FYE 2598 e A2 R 52510 =& (Uncertainty) 2t

g AFYUE 0|8 Yot nFH FEH2, 43E w7y A 2 Zaet #Hsto], FEYE elHeRE o ¢E9 #

25 9ot 71 2% tARtD & 5 QUCh FEAUQ Maly M EHE LW E B2 FOBt. &, &8 Ao 58 @

stE e X0}, X2t 20f0|AM AESte HE HH|Q| A O 2Edte HYE ol Fr AMEF = Aes X[of TiE 74E0|
Mo| ZHE|X| e 27t HEE0|Ct g4 (Traceability) Of 2t & 4= Qlot

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 5, 2020 / Revised July 10, 2020 / Accepted July 10, 2020

416



e
0x

32 EMmMEo| AHME|lL ™A K2O| Al7|E

ne
N
oy
Pt
N
riot
o
>t
ne
N
Hu
b
°
>t
=
2
>
ox
gt
et
K

fo
oy
ot
o
>
IS}
2
Rt
0z
o
%
lo
Hu
4o
0%
0
o

02
z ©
=)

FYARIAL

—

He
o[ ITOAE ATHO| i £
0[Ztof Bt 6 - 10M Afol2] BHY 33 RHIY #o}
=]
o

SAUMTSY AFUS 2=2=E AlMoHY,

=2

95%

1. A CHA

rlo

H0
rHo
o
ol
ro
o

MEristn x|ojsttysty WY EEH
= (IRB File No. : S-D20200026) ¥7& ==

20179 = 3¥EH 2020 3E€HX| 224
o MSCiSt K| HH R 40K
SHop 144 S ez AT E

JEez JEEUL.

o
©OF
:Q
il

]
N

J

0x

w
b

o [

=
=

=
i
=

AR

Rl
o
ot
39
]

n
oo
=
my!
rlo

N
N

R
>
1R
N
ro
ot
fe)

rc o

[
>

no
=
El
oot
I}
il
El
Ot
mjo
HL
o
rir
ot
<2

o g
o
m
!
=

N W
= T = =

12
o

rx
ra o
ikl

A
> 2

(93]
0Q
-
>+
I

no
re
-

s
rE

[
0 gu oz
% mo 4n
o o I
10
A
il
o

o W

0
-n

Bl
= 1= Hr

2 oA
)

AT

o

Le

X
o
i
fuiot
oo
Ot
9
oo
HI
1z
=2
>
oo
n
ok

rlo rlo
(o)
oin ojn

Lee

30
m
-

J Korean Acad Pediatr Dent 47(4) 2020

Table 1. Cephalometric skeletal and dental measurement

Measurement Definition

Convexity Distance from point A to N-Pog plane

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

Facial depth Angle determined by FH plane and Na-Pog
plane

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

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

ANB Angle determined by point A, point N, and

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 Mandibular
plane

Interincisal angle

Upper molar
position

Nasolabial angle

UL inclination
UL to E.plane
LL to E.plane
oDl
APDI

McA
McPog

U1 to FH

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 upper incisor 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

Angle determined by FH plane and Sn-Ls plane
Distance from point UL to E-line

Distance from point LL to E-line

A-B to Mn plane £ FH to palatal plane

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

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

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

Angle formed by the intersection of toot axis
of upper incisor and FH plane
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Table 3. Age distribution of cases

Percentage (%)

Number of patients (n)

Age (year)

11.1

16
62

270 A

I

(512 0| M, V-Ceph 5.5.

=
S

Lee

431

354

51

76

11

2.8
100

4
144

10
Total

Table 4. Distribution of skeletal class Il cases

Number of patients (n)  Percentage (%)

Skeletal class Il

opo] et

3|
—

6 - 10AM ALO|
X BEFEL 95% AZ| TLZH0|A Table 6

39.6

57
36
51

Retrusive Maxilla

25.0

Protrusive Mandible

=
=

KaE RN F52A

o ZOf LIEH o= ATt 5, MOt

354

Combination

100

144

Total

419

95%9| AME[=



J Korean Acad Pediatr Dent 47(4) 2020

Table 5. The mean, standard deviation, correction value, and uncertainty values obtained in this study

Measurement Mean Standar(dui)e viation Co\r/;els'gon U Us; Ug U, Ue
Convexity 0.09 1.77 0.04 0.28 0.00 0.12 1.80 3.60
Maxillary depth 87.79 2.36 0.11 0.72 0.00 017 247 4.95
Facial depth 87.70 2.27 0.11 0.66 0.00 017 2.37 475
SNA 79.18 293 0.1 0.36 0.00 017 2.96 5.92
SNB 7892 3.12 0.1 0.21 0.00 017 3.13 6.25
ANB 0.26 1.51 0.1 0.37 0.00 017 1.56 312
Cranial deflection 27.69 1.78 0.1 0.56 0.00 017 1.88 3.76
Cranial length 55.27 2.71 0.04 049 0.00 0.12 2.76 5.51
Lower facial height 4533 3.78 0.1 1.52 0.00 017 408 8.16
Facial axis 88.30 3.35 0.11 0.22 0.00 0.17 3.36 6.72
Mandibular plane angle 28.08 4.54 0.1 1.02 0.00 017 4.66 9.31
Mandibular arc 3491 4.69 0.11 2.29 0.00 0.17 5.22 1044
Corpus length 64.44 3.23 0.04 1.07 0.00 0.12 341 6.81
L1 to APo(mm) 4.62 1.68 0.04 0.24 0.00 0.12 1.70 3.39
L1 to APo(degree) 23.05 4.85 0.11 0.77 0.00 017 4.92 9.83
U1 to APo(mm) 2.80 2.04 0.04 0.21 0.00 0.12 2.06 4.12
U1 to APo(degree) 21.69 6.37 0.11 092 0.00 017 6.44 12.87
L1 to Mand.pl 87.35 6.36 0.11 1.26 0.00 017 6.48 12.97
interincisal angle 135.27 9.50 0.1 140 0.00 017 9.60 19.20
Upper molar position 9.60 2.56 0.04 0.81 0.00 0.12 2.69 537
Nasolabial angle 90.48 12.14 0.1 6.84 0.00 017 13.93 27.87
UL inclination 115.92 8.10 0.1 5.80 0.00 017 9.96 19.93
UL to E.plane 0.38 1.87 0.04 045 0.00 0.12 1.93 3.86
LL to E.plane 2.82 2.20 0.04 0.22 0.00 0.12 221 442
oDl 65.47 483 0.11 1.35 0.00 0.17 5.02 10.03
APDI 87.92 3.76 0.11 047 0.00 017 3.80 7.59
McA -2.18 241 0.04 0.74 0.00 0.12 2.52 5.04
McPog -4.20 423 0.04 1.22 0.00 0.12 440 8.80
U1 to FH 109.30 6.86 0.1 1.12 0.1 0.17 6.95 13.90

2 BH6 - 134 20k 1003 2| AFte| F= HEES H|wotRACH 2) X|OF X[= =4
AIMD 2M X|OIKZ BM, GIZE 2 AXM 2MO2 L 12 2D H D A, 3T 2R EOHH s

El =Xl convexity, maxillary depth,

SNA, McA 22 35 SEuZ0M 2t 20, toto| nhd %
£X|Q! Facial depth, SNB, McPog %2 33 £38u
oM 2O 3A EEC|QACE otut &toto| EHE XI0|E Lt
EtLf= X[E2 ANB @t APDI gt 8t & Z0|M Xt0|E ERACtH

H|#=Z}(nasolabial angle)2 35 £
ol 35 RE8ug oM M&o| ZE7

Xofl= 2 xolE
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Table 6. Standard reference of lateral cephalometric
measurement of children with skeletal class Il maloc-
clusion (95% confidence interval)

J Korean Acad Pediatr Dent 47(4) 2020

Table 7. Standard reference of lateral cephalometric measurement between

male and female (95% confidence interval)

Male Female
Measurement skeletal Class Il Standard Reference Standard Reference
Standard Reference Convexity -0.13+3.65 0424347
Convexity 0.13£3.60 Maxillary depth 87.78+4.88 87.92+5.06
Mavillary depth 87.90+4.95 Facial depth 88.78+4.77 87.53+4.68
Facial depth 87.81+4.75 SNA 79.78+5.98 79431587
SNA 79.29£5.92 SNB 79.78+6.49 78.99+6.03
SNB 79.036.25 ANB 0.78+3.21 0.55+3.00
ANB 0.37£3.12 Cranial deflection 27.78+3.77 27.68+3.75
Cranial deflection 27.80£3.76 Cranial length 56.78+4.65 54.215.60
Cranial length 55314551 Lower facial height 45.78+7.97 45.26+8.39
Lower facial height 45441816 Facial axis 88.78+6.25 88.39+7.26
Facial axis 8841+6.72 Mandibular plane angle 28.78+9.06 28.10£9.65
Mandibular plane angle 28.19+9.31 Mandibular arc 34.78+10.24 35.12+10.72
Mandibular arc 35.02+1044 Corpus length 65.78+6.25 62.9146.03
Corpus length 64.48+6.81 L1 to APo(mm) 4784377 436283
LT to APo(mm) 4664339 L1 to APo(degree) 24.78+9.77 22.19+9.61
L1 to APo(degree) 23.16+9.83 U1 to APo(mm) 2.78+4.22 267401
U1 to APo(mm) 2.84+4.12 U1 to APo(degree) 21.78+11.78 21.70+14.08
U1 to APo(degree) 21.80+12.87 L1 to Mand.pl 87.78+13.48 87.23+12.45
L1 to Mand.pl 87.46+12.97 interincisal angle 134.78+18.69 136.44+19.68
interincisal angle 135.38+19.20 Upper molar position 9.78+5.54 9.3145.14
Upper molar position 9.64£5.37 Nasolabial angle 89.78+27.42 91.96+28.27
Nasolabial angle 90.59+27.87 UL inclination 117.78+19.34 114.61£20.28
UL inclination 116.03+£19.93 UL to E.plane 0.78+3.76 0.22+3.96
UL to Eplane 0.42+£3.86 LL to E.plane 3.78+4.50 2.69+4.34
LL to Eplane 2.86+4.42 oDl 65.78+11.18 65.97+8.59
oD 65.58+10.03 APDI 88.78+7.75 87.5147.33
APDI 88.03£7.59 McA -2.19£5.03 -2.08+5.09
McA -2.14£5.04 McPog -3.7748.93 -459+8.63
McPog -4.16+8.80 U1 to FH 110.78+13.68 108.67+14.10
U1 to FH 109.41£13.90
4) 7 24 SM3ler Q2] ALRE D YTk ekt nHH FCS YgjMs
SRt 1 & (Lower facial height) g1t ODI gt 2F 358 & =2 J&E9 F7 AS gAtd 240 Zasit 2= 580
YRETOM T LIENHCE St BBz (Mandibular plane £ QXS 915101, 5 Al Bt (True value)| FH0| E7153
angle) ¢f2 & o 74| & Xjo|7t gl 35 R0 ¢t 7] o FEEC FHUS ATt mat, &5t AZ|
™ Zt(facial axis) O] o AA ZEEICHTable 12). 40| =2 EHUS 27| YdiMe 58 FH| W =23 &
A4S gl 0| LEMO|CL O|2HOZ 2TM0| Bl
V. £ 9 & Rl @e =W TH|o| £F Aute S HHISlI| 0L Lee
S[E19 T2 2N ALEE|= V ceph ZEO™MS 25842
1931 Broadbent[6]0]l 23 £ IE H FREASLAHIALL SESIACE ZYE w2 20| 004 mm, ZE 0.11°2 24
2 2-ugE TICstn 0l0f 7|0fste Mokt 7he| RASE ZRM0| 22 ME[EO| HHE 7HX|1 ASS HISHALE
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Table 8. Standard reference of retrusive maxilla, protrusive mandible, combination (95% confidence interval)

Retrusive Maxilla Protrusive Mandible Combination
Convexity 0.57+3.38 0.94+£332 -0.93+3.03
Maxillary depth 86.31£3.85 90.80+2.79 87.63+3.45
Facial depth 85.80+2.88 89.92+3.38 88.57+3.67
SNA 77.65+4.69 82.04+4.13 79.19+543
SNB 77.00+4.97 81.13+4.93 79.82+5.76
ANB 0.76+2.84 1.02+3.15 -0.52+2.59
Cranial deflection 27.79+3.77 28.13+3.75 27.56+3.74
Cranial length 55.61+5.40 54.18+5.41 55.79+5.35
Lower facial height 46.18+7.93 45.50+6.80 4457+9.03
Facial axis 86.50+5.89 89.63+6.26 89.67+5.97
Mandibular plane angle 30.15+7.99 27.11+£9.30 26.76+9.30
Mandibular arc 34.62+9.89 34.38+9.91 35.91+11.30
Corpus length 62.81+4.66 65.51+£7.70 65.60+6.77
L1 to APo(mm) 4454303 5121343 4.58+3.69
L1 to APo(degree) 22.35+7.92 24.15+£10.93 23.36+10.80
U1 to APo(mm) 2.98+3.70 3.33+3.65 2.33+4.69
U1 to APo(degree) 21.65+11.22 23.90+10.80 20.48+15.21
L1 to Mand.pl 87.22+10.90 88.40+14.82 87.08+13.80
interincisal angle 136.33£14.50 132.28+18.20 136.49+23.46
Upper molar position 8.58+4.94 11.39+5.39 9.59+4.57
Nasolabial angle 91.74126.56 94.95+27.06 86.25+27.81
UL inclination 112.61+17.77 117.48+18.27 118.82+21.25
UL to E.plane 0.47+3.62 1.08+3.55 -0.10+£4.09
LL to E.plane 249+4.47 3.50+4.32 2.81+4.31
ODI 67.04+8.80 63.79+10.44 65.20+£10.25
APDI 86.33+6.26 87.74+6.67 90.14+7.62
McA -3.75+3.97 0.81+2.79 -241+3.50
McPog -7.86+5.46 -0.29+6.25 -2.7546.85
U1 to FH 106.74+11.16 112.66+12.47 110.11+15.47
Table 9. Sagittal analysis between skeletal class Ill and skeletal Table 10. Dentoalveolar analysis between skeletal class Il and
class | malocclusion skeletal class | malocclusion
Sagittal analysis skeletal Class Il skeletal class | Dentoalveolar analysis skeletal Class Il skeletal class |
Standard Reference  Standard Reference Standard Reference Standard Reference
Convexity 0.13£3.60 345+2.38 L1 to APo(mm) 466£3.39 3.6714.65
Maxillary depth 87.90+4.95 89.28+3.84 L1 to APo(degree) 23.16+9.83 23.64+10.24
Facial depth 87.81+4.75 86.09+3.86 U1 to APo(mm) 2.84+4.12 7.71+537
SNA 79.29+5.92 80.41+5.08 U1 to APo(degree) 21.80+£12.87 32.03£14.74
SNB 79.0316.25 76.86+4.96 L1 to Mand.pl 87.46+12.97 92.95+11.65
ANB 0.37£3.12 3.65+£1.95 interincisal angle 135.38+£19.20 124.66+21.23
APDI 88.03+7.59 80.77+4.73
McA -2.14£5.04 -0.74£4.17
McPog -4.1618.80 -7.72+7.45
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Table 12. Vertical analysis between skeletal class Ill and skeletal

class | malocclusion

Table 11. Soft tissue analysis between skeletal class Ill and skeletal

class | malocclusion

skeletal class |

Standard Reference Standard Reference

skeletal Class llI

Vertical analysis

skeletal class |

Standard Reference Standard Reference

skeletal Class Il

Soft tissue analysis

47.2+6.85
85.24+5.04

4544+8.16

Lower facial height

91.43£20.22
116.98+14.41

90.59+27.87
116.03+£19.93

Nasolabial angle

8841+6.72

28.19+9.31
35.02+10.44

65.78+11.18

Facial axis

UL inclination

28.66+7.96

Mandibular plane angle

2.36%3.71
2.86+5.45

0.42+3.86
2.86+4.42

UL to E.plane

33.98+9.46

Mandibular arc

ODI

LL to E.plane

65.97+8.59
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