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Lateral Cephalometric Measurement of Skeletal Class Il malocclusion Patients
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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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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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Establish mathematical model of the measurement
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Table 2. Sex distribution of cases

SHRALH
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Percentage (%)

Number of patients (n)

Sex
Male
Female

523

76

472

68

2 LIEHSCH(Table 4).

100

144

Total

Table 3. Age distribution of cases

Percentage (%)

Number of patients (n)

Age (year)
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Table 4. Distribution of skeletal class Il cases

Number of patients (n)  Percentage (%)

Skeletal class Il
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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 3.12
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) 23.05 485 0.11 0.77 0.00 017 492 9.83
U1 to APo(mm) 2.80 2.04 0.04 0.21 0.00 0.12 2.06 412
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 0.1 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 0.11 0.17 6.95 13.90

2 BH6 - 134 20k 1003 2] AFZte| F= HEES H|wotRACH 2) X|OF X[= =4
AIMD 2M X|OIKZ BM, GIZE 2 AXM 202 L 12 2D H D A, 3T 2R EOHH s

El =Xl convexity, maxillary depth,

SNA, McA 22 35 FEUFAM O 2%0, Storol g%
£X|Ql Facial depth, SNB, McPog %2 33 £38u
ol 20 34 2HEEQUCH &4t 5toto| E4H XO|E Lt

EtLl= X|E2 ANB 2} APDI gt =3t & 0| X}0|& = SCt

H|#=Z}(nasolabial angle)2 35 £
mgt FoM ol 2EV
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Table 6. Standard reference of lateral cephalometric
measurement of children with skeletal class Il maloc-
clusion (95% confidence interval)
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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) 4.6643.39 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£537 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 042+3.86 LL to Eplane 3.78+4.50 269434
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 -2.195.03 -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 YgiMs
oIt 1 & (Lower facial height) g1t ODI gt 2F 358 & =2 J&g9 7 AS gAtd 240 Zasit 2= 580
YRETOM I LIENHCE SOt BB 2 (Mandibular plane £ QXS 915101, 5 Al Bt (True value)®| FH0| E7453
angle) ¢42 & o 74| 2 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| YoiMe 58 Tyl W =2 &
A4S gl 0| LLMO|CL O|2HOZ 2TM0| gl
V. 5 9 A Rl @e =W TH|o| £F Aute S HHISlI| 0L Lee
S50 T2 2N ALEE|= V ceph ZEO™S 25842
1931 Broadbent[6]0]l 2/ £ IE H FREASLARIAL SESIACE FYE w2 20| 004 mm, ZE 0.11°2 24
2 2-ugE TICsta 0lof 7|0fste HotetE 7He| BASE IR0l 22 ME[Eo| HHE 7HX|1L 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 -3.7543.97 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 -4.16+8.80 -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

88.41+6.72

28.1949.31
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

X|ZoICH1]. &, 58

LIEFL =

=2
=

EY

e
[

FHEE 1FH K22 A7

to|

tE 9

g AFgkel Kol 2ot

oIzt

-y

07| =0, &

S|
A

i

At M

b

kol
=

HOAFM HMAlSts 42 0|l2H2=2 10089

=

SIS

o

ol
{ofr

2X|2l Convexity, Maxillary depth, SNA, McA 2t0] 1

B A0 18 mEtel g AKgtatel Aojel Frof wap T

0] O|F0fX|

=l =X|2! Facial depth, SNB, Corpus length, McPog

o

Kr

a

C. O] L0 A

|

o= HESHRALE Sanborn[8]2] STH0f

g gHle| 20|, Z4&=0) st 259

KIr

Fo| Q1 45.2%01 A St

X0
=
ol

t

!

Aot FME 31%2| St

37%2|

=
[

Dietrich[9]2] &0

712 Ao =, A

=
[S)

t Choi

= 26%2| & HME 49%

[10]2] A0l A

O, Jacobson &

Lo
I —

MamEQojo| 23

= 0

245 Noof 225 o5 = RACL of AT

423



[

A
ol o[2l7t ALt

—

[

FEug A AFee 95%
HPE HZZ MAISHACH

St

X|go|u x7

(12104 o

|

=)

JHel0] Tasic,

(1312 20 2T, 6 - 7M A0
Ot Ol A O{AHZEEL R 2] Z0|(Sella -

b

Nasion)?} EHXCZ So|O|stH ZA

x
H|e| Z0|(Condylon - Gnathion) &

(1104 ot
xS

|

=)

I

=

o
| Ab=7| ZTi-8E0l ofote] % 12M| 10712, Eotel

Reyes
Baccetti

TE 4=k TR CS30IM CS AEHA 0| =2 YLOJLtH, St
o

J Korean Acad Pediatr Dent 47(4) 2020

MO Z LIELLICE Baccetti

=
X[ E710f

=

H|
xr
il

J4

Evaluation of

References

Authors' Information
measurement data - Guide to the Expression of Uncertainty

Young Jae Sung Attp,//orcid.org/0000-0007-8804-9535
in Measurement JCGM 100:2008 (GUM 1995 with minor

Ji-Soo Song Attp./orcid.org/0000-0002-4469-5903
Hong-Keun Hyun Attp.//orcid.org/0000-0003-3478-3270

Young-Jae Kim Attp.//orcid.org/0000-0003-49716-6223
Jung-Wook Kim  Attp;/orcid.org/0000-0002-9399-2797

Ki-Taeg Jang Attp./orcid.org/0000-0002-4060-9713
Sang-Hoon Lee Atip./orcid.org/0000-0007-8345-8372

Teo Jeon Shin Attp.//orcid.org/0000-0003-4499-8873

1. Bureau international des Poids et Mesures :

|.

i §
=

ol

F

[712] eget 20|,

|

o
JAL Btef HX|e| B5

= =7 2gXEr|e
(1518 AFoME, 1

t

|

Choi

—

[

2 Holct

=Lt Chang

1 35 FEneol|Af 74 Hatk o

_l

Ofe A0 A{ 2]
BERACH

(14704 o

SEE2 FAIE7| WEE LIEHHCE O AFoME Al Bt

t

—
|

il
o
O 2HELX|

—

At7t LtEtL =

7] ZHIR] O|0| = B}
M
o

oo

9
3

o Of
OfM o] Aol SUSHA HAZOM

|0]5HA

Tollaro
&

4

(@]
o

M ZH Ot (facial profile)S Fo| ZA

Had B0tk PRS0 A
Xz Ags +HAOE 2ROl 7L

9]
MZX

Al LIEFSCE T2t =
7

oF

~d

N
d[4

=
e

ol

Hato

FXHOI7F BHEE|X| BEQLCE [HERA]

—

OfH
=]

corrections). Available from URL: https://www.bipm.org/
utils/common/documents/jcgm/JCGM_100_2008_E.pdf
(Accessed on May 18, 2020).

2. Kajiyama K, Murakami T, Suzuki A : Comparison of orth-
protractor between deciduous and early mixed dentitions.

odontic and orthopedic effects of a modified maxillary
Am J Orthod Dentofacial Orthop, 126:23-32, 2004.

424

pS|
(=]

—

[

7t ANB 2t

=
o

top S5 Ao W=,

7t SNB 4f9| 3.3°

=

=)

off et of2f ¥

(

[=]

.
o

7t
FS Ot SNA 2f2| 1.4°

—

=

(12]
7

|

=)

|0/
AFO|
3g 7

A
M= FolOjeh Hetot HEEICE SEA|2H OfH H710)A

cetti

9



3. Campbell PM : The dilemma of Class Ill treatment: early or
late? Angle Orthod, 53:175-191, 1983.

4. Hardy DK, Cubas YP, Orellana MF : Prevalence of angle
class Ill malocclusion: A systematic review and meta-analy-
sis. Open J Epidemiol, 2:75-82, 2012.

5. Lee JM, Song JS, Shin TJ, et a/. : Lateral Cephalometric Mea-
surements of Class | Malocclusion Patients with Uncertainty.
J Korean Acad Pediatr Dent, 45:65-74, 2018.

6. Broadbent BH : A new X-ray technique and its application
to orthodontia: the introduction of cephalometric radiogra-
phy. Angle Orthod, 51:93-114, 1931.

7.Choi HJ, Kim JY, Park KT, et a/. : Cephalometric Character-
istics of Korean Children with Class Ill Malocclusion in the
Deciduous Dentition. Angle Orthod, 80:86-90, 2010.

8.Sanborn RT : Differences between the facial skeletal pat-
terns of class Ill malocclusion and normal occlusion. Angle
Orthod, 25:208-222, 1955.

9. Dietrich UC : Morphological variability of skeletal Class 3
relationships as revealed by cephalometric analysis. Rep
Congr Eur Orthod Soc, 131-143, 1970.

10. Jacobson A, Evans WG, Preston CB, Sadowsky PL : Man-
dibular prognathism. Am / Orthod, 66:140-171,1974.

11. Reyes BC, Baccetti T, McNamara JA : An estimate of cra-
niofacial growth in Class Ill malocclusion. Angle Orthod,
76:577-584, 2006.

12. Baccetti T, Franchi L, McNamara JA : Growth in the Un-
treated Class Ill Subject. Semin Orthod, 13:130-142, 2007
13. Baccetti T, Reyes BC, McNamara JA : Gender differences in
Class Il malocclusion. Angle Orthod, 75:510-520, 2005.

14. Tollaro |, Baccetti T, Bassarelli V, Franchi L : Class Ill maloc-
clusion in the deciduous dentition: a morphological and
correlation study. £ur J Orthod, 16:401-408, 1994.

15. Chang HP, Kinoshita Z, Kawamoto T : Craniofacial pattern
of Class Ill deciduous dentition. Angle Orthod, 62:139-
144,1992.

425

J Korean Acad Pediatr Dent 47(4) 2020



J Korean Acad Pediatr Dent 47(4) 2020

ol

muin

—

Joil
THu

AJS/3H A £ Op A 2 e

3t 71

[=)
<

A=Y

RN

Toil

ol
ki
(]

or

ol

8l
El

KK

A

Ot 6MOlA 10M AFO]2Q| Ot

.
o
—

|

o
=

OFX| tof| L
Cf. o[l AN 2580 =

2017 38 1LEH 2020 3EMK| 3L

tol w7 A

10

olo

ol
Fift}

Al
i

& A

Atel HO|EE 0|83t

b

k=)
=

144 9|

i

426

i, B 6 - 104 A0

o
O

E
S

A7E

Gl



