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WAste] CTE #93k 32} 1127 Foll A 1) 7k 194 o] Aol Alskal, 2)

e A, 4) FF seb @A ok gl B4, 5) Sy o) ¥ 24
Mol gl BA4E YToE AYSAT F 309e) B 189, o

(Table 1).

Table 1. Descriptive statistics for skeletal characteristics, age and sex distribution
of the patients

Group n Males  Females Age (years) ANB (°)
Mean SD Mean SD
Facial asymmetry 30 18 12 25.7 6.03 -2.2 3.4

n, number; SD, standard deviation; ANB, A point-Nasion-B point angle.
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of,
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MSP 8 (Ba-Cg-ANS) - Ba, Cg, ANS 2] Al & Ay Hd

Figure 2. Reference line and Midsagittal planes. (A) A-P line. (B) MSP 1 passing
through two median structures while perpendicular to FH plane. (C) MSP 7
passing through three median structures.



712 (Menton, ANS

ANS 7} 9] F4=%
}olom,

S

=1 O
Blacy

o AS dide 44
SA3sA T (Figure 3). =3k 8702l MSPe} A-P lineo©]
(A-P line deviation) & 743} t} (Figure 4). 2 MSP=ZX-H
()9 #He= &

871¢] MSPZ X-E| Menton,

)

deviation) S 217}
ojF= =
Al el olgts Waks (+), Hlol#=s W
3 HE A= Table2 9 7t}

AZgkel o g

10



Figure 3. Measurement of distances between Midsagittal plane and points.

Figure 4. Measurement of angle between Midsagittal plane and A-P line.
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Table 2. Menton, ANS, A-P line deviation measurement of 30 subjects

Menton deviation ANS deviation A-P line deviation
MSP (mm) (mm) (Deg.)
Mean SD Mean SD Mean SD
MSP 1 5.76 3.23 0.35 1.31 0.23 191
MSP 2 5.82 3.22 0.38 1.31 -0.23 2.07
MSP 3 5.72 3.75 0.28 1.89 0.35 2.10
MSP 4 5.56 3.85 0.02 2.08 -0.35 245
MSP 5 3.15 4.85 -0.92 2.33 -0.50 171
MSP 6 2.71 5.84 -1.68 3.47 -0.69 231
MSP 7 4.93 3.73 0.00 0.00 -0.07 1.84
MSP 8 5.07 3.60 0.00 0.00 0.02 1.85
Pt 0.076 0.275 0.105

MSP 1, FH-Na-Ba; MSP 2, FH-Na-S; MSP 3, FH-Cg-Ba; MSP 4, FH-Cg-S; MSP 5, Ba-Na-S;
MSP 6, Ba-Cg-S; MSP 7, Ba-Na-ANS; MSP 8, Ba-Cg-ANS; Deg., degree; SD, standard
deviation; TRM-ANOVA(Repeated Measure ANOVA)
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(D Absolute value of errors in Menton deviation measurement (AVEMe)

2. |Menton deviation measured by Candidate MSP — Menton deviation
measured by Ideal MSP| /180

@ Value of errors in Menton deviation measurement (VEMe)

2. (Menton deviation measured by Candidate MSP — Menton deviation
measured by Ideal MSP) /180

@ Absolute value of errors in ANS deviation measurement (AVEANS)

2. |ANS deviation measured by Candidate MSP — ANS deviation measured by
Ideal MSP| /180
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@ Value of errors in ANS deviation measurement (VEANS)

2. (ANS deviation measured by Candidate MSP — ANS deviation measured by
Ideal MSP) /180

(® Absolute value of errors in A-P line deviation measurement (AVEAP)

2. |A-P deviation measured by Candidate MSP — A-P deviation measured by
Ideal MSP| /180

® Value of errors in A-P line deviation measurement (VEAP)

2. (A-P deviation measured by Candidate MSP — A-P deviation measured by
Ideal MSP) /180

Aoiaks # gk @O Absolute value of errors in Menton deviation measurement
(AVEMe), ® Absolute value of errors in ANS deviation measurement (AVEANS)
2 (5 Absolute value of errors in A-P line deviation measurement (AVEAP)<|
iske], o] gkol 0l 7H7ke HALGFE, Bt Aol =x7F Fegh
Ideal MSP 3} AR ASES S F Arh AdHS FHA 2e ©
Value of errors in Menton deviation measurement (VEMe), @ Value of errors in
ANS deviation measurement (VEANS) % ® Value of errors in A-P line deviation
measurement (VEAP)oll thato], Zb Zhxfell A v]gjA ] o] WS g9
ez dAstel Ay 2 A= A +- & 72l "l ol

ghol 245 Ex7F It Ideal MSPol|l Blste] WUl Td] H7sHE
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]

&l e 7 dem, o] wol FeE NS HaW ek F ]
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o

F ek

%o

14



"I@eal MSP
MsP. 1) J

Figure 5. Example of menton deviation measured by Candidate MSP or Ideal
MSP.
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Table 3. Finding value and absolute value of errors in Menton deviation measurement

Judge 1 Judge 2 . Judge 6 N=180
Patient  Patient Patient Patient  Patient Patient Patient  Patient Patient Mean D
1 2 30 1 2 30 1 2 30
MSP 1 14.07 7.95 9.06 14.07 7.95 9.06 14.07 7.95 9.06 5.76 3.23
Menton MSP 2 14.06 7.94 9.05 14.06 7.94 9.05 14.06 7.94 9.05 5.82 3.22
. MSP 3 15.41 8 9.44 15.41 8 9.44 15.41 8 9.44 5.72 3.75
deviation
MSP 8 11.65 3.55 5.24 11.65 3.55 5.24 11.65 3.55 5.24 5.07 3.6
Selected
Plane
(1deal MSP1 MSP 3 MSP 1 MSP3 MSP2 MSP 1 MSP2 MSP6 MSP 1
MSP)
MSP 1 0 -0.05 0 -1.34 0.01 0 0.01 1.25 0 0.08 1.56
MSP 2 -0.01 -0.06 -0.01 -1.35 0 -0.01 0 1.24 -0.01 0.14 1.54
VEMe MSP 3 1.34 0 0.38 0 0.06 0.38 1.35 1.3 0.38 0.04 1.94
MSP 8 -2.42 -4.45 -3.82 -3.76 -4.39 -3.82 -2.41 -3.15 -3.82 -0.61 2.65
MSP 1 0 0.05 0 1.34 0.01 0 0.01 1.25 0 0.81 1.33
MSP 2 0.01 0.06 0.01 1.35 0 0.01 0 1.24 0.01 0.81 1.31
AVMe MSP 3 1.34 0 0.38 0 0.06 0.38 1.35 1.3 0.38 1.37 1.37
MSP 8 242 4.45 3.82 3.76 4.39 3.82 241 3.15 3.82 2.17 1.63

MSP 1, FH-Na-Ba; MSP 2, FH-Na-S; MSP 3, FH-Cg-Ba; MSP 4, FH-Cg-S; MSP 5, Ba-Na-S; MSP 6, Ba-Cg-S; MSP 7, Ba-Na-ANS; MSP 8, Ba-
Cg-ANS; VEMe, value of errors in Menton deviation measurement; AVMe, absolute value of errors in Menton deviation measurement.
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w7F 6ol ATl 308 tgoR HEdE Ideal MSPY WEE
Generalized Linear Mixed Model = #2135} t}. &E3F Ideal MSPE 7|50 %

=23 A=7k2 Ideal measuremente} Ideal MSPE A 9)st 77 R HH

H1S Linear Mixed Model = #Ast9lom, o] A3 AAG 7] 93]
Bonferroni test = Uls Hlal A8t BRE 27 2A1S IBM SPSS
Statistics version 22 (IBM Corp., Armonk, NY, USA)2 ]85} 31, P-value”}

005 °Jstd 4% TAHLZ o3t ApolE HAvkal A8t
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=X AFANS BHE7] 93 Intraclass correlation coefficients ZAF3H
A7 71 9= =091 oA 095 AtolE BE ASHY] SAHMS = A

g Kt (P<0.001).

2. Ideal Midsagittal plane2] W= =4

2 FH plane°l] 4=%]3}3L Nasion, Basion

ju|
=)
o,
S
i)
i,
EL
=)

Ideal MSP= 7} &
A= HH (MSP 1) o] itk MSP 1S 180 9] Al &5 663] A
glro] 36.67%° WEE Hlow, tE 79 VEHHI vluste] S

How folavtdl zo]E KT} (P<0.05) (Table 4).
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Table 4. Numbers of Ideal Midsagittal plane chosen by 6 Judges

Judge Percentage Multiple
MSP ! 2 3 4 > 6 Total (%) comparison

MSP 1 9 9 12 11 14 1 66 36.67 A
MSP 2 7 8 2 3 3 10 33 18.33 B
MSP 3 5 1 5 2 6 1 20 11.11 B,C
MSP 4 2 2 0 1 1 0 6 3.33 C
MSP 5 0 1 3 2 0 0 6 3.33 C
MSP 6 0 0 1 1 1 1 4 2.22 C
MSP 7 6 8 3 8 5 6 36 20 B
MSP 8 1 1 4 2 0 1 9 5 C
Total 30 30 30 30 30 30 180 100

MSP 1, FH-Na-Ba; MSP 2, FH-Na-S; MSP 3, FH-Cg-Ba; MSP 4, FH-Cg-S; MSP 5, Ba-Na-S;
MSP 6, Ba-Cg-S; MSP 7, Ba-Na-ANS; MSP 8, Ba-Cg-ANS. Data analyzed by Generalized
Linear Mixed Model and multiple comparison with Bonferroni test at significance level of P <
0.05.
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3. Menton deviation®] 2.2} H7}

1) Absolute value of errors in Menton deviation measurement (AVEMe)

AVEMe:  FH planec]l =339 Nadt o} 2 3 d (Ba =& S)S Aue=
MSP 1, 2 oA Z}2} 0.81mm=, Al & A= MSP 5, 6, 7, 8l H]3] &7
Aow folgd whel A2 3hs BT (P < 0.05). ¥ MSP 5, 6 (Ba-Na-S,
Ba-Cg-S) °lA:= Z}7} 530mm, 5.96mmzE TFE Hdo| vjs] EAHoR &

ojek whek 7H 2 #hs Elth (P <0.05) (Table 5, Figure 6)

Table 5. Absolute value of errors in Menton deviation measurement (mm) (n=180)

MSP Mean SD Minimum Maximum Multi[:.)le
comparison

MSP 1 0.81 1.33 0.00 6.09 A
MSP 2 0.81 131 0.00 6.16 A
MSP 3 1.37 1.37 0.00 6.26 A B
MSP 4 1.43 1.46 0.00 6.09 A B
MSP 5 5.30 541 0.00 27.57 C
MSP 6 5.96 6.42 0.00 32.59 C
MSP 7 1.85 1.64 0.00 6.82 B
MSP 8 2.17 1.63 0.00 6.16 B

MSP 1, FH-Na-Ba; MSP 2, FH-Na-S; MSP 3, FH-Cg-Ba; MSP 4, FH-Cg-S; MSP 5, Ba-Na-S;
MSP 6, Ba-Cg-S; MSP 7, Ba-Na-ANS; MSP 8, Ba-Cg-ANS; n, number; SD, standard
deviation. Data analyzed by Linear Mixed Model and multiple comparison with Bonferroni
test at significance level of P < 0.05.

20



) SHAICSa

5

4

3

) AB] B8
A, B

la g I

M A EEEEN:

MSP1 MSP2 MSP3 MSP4 MSP5 MSP6 MSP7 MSP38

Absolute value of errors in
Menton deviation (mm)

— -

Figure 6. Comparison of absolute value of errors in Menton deviation
measurement.

21



2) Value of errors in Menton deviation measurement (VEMe)

VEMe:= MSP 5, 6 (Ba-Na-S, Ba-Cg-S) ol 4] T} HHo] v]d] EAHo =

Fro)gk wksk 2 8o zkS Bl (P <0.05) (Table 6, Figure 7).

Table 6. Value of errors in Menton deviation measurement (mm) (n=180)

MSP Mean SD Minimum Maximum Multi[:.)le
comparison
MSP 1 0.08 1.56 -3.87 6.09 A
MSP 2 0.14 1.54 -3.87 6.16 A
MSP 3 0.04 1.94 -4.20 6.26 A
MSP 4 -0.12 2.04 -4.80 6.09 A
MSP 5 -2.53 7.15 -27.57 7.63 B
MSP 6 -2.97 8.25 -32.59 10.90 B
MSP 7 -0.76 2.36 -6.82 4.20 A
MSP 8 -0.61 2.65 -6.16 5.24 A

MSP 1, FH-Na-Ba; MSP 2, FH-Na-S; MSP 3, FH-Cg-Ba; MSP 4, FH-Cg-S; MSP 5, Ba-Na-S;
MSP 6, Ba-Cg-S; MSP 7, Ba-Na-ANS; MSP 8, Ba-Cg-ANS; n, number; SD, standard
deviation. Data analyzed by Linear Mixed Model and multiple comparison with Bonferroni
test at significance level of P < 0.05.
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4. ANS deviation & 2=} H7}

1) Absolute value of errors in ANS deviation measurement (AVEANS)

AVEANS+= MSP 6 (Ba-Cg-S)ell Al o3 wkgt 71 & #hs BE3lem (P
< 0.05), MSP 5 (Ba-Na-S)%= 1w %] 67 MSPHT} & kS HGIT} (Table 7,

Figure 8).

Table 7. Absolute value of errors in ANS deviation measurement (mm) (n=180)

MSP Mean SD Minimum Maximum Multip_)le
comparison
MSP 1 0.44 0.66 0.00 3.19 A
MSP 2 0.44 0.66 0.00 3.20 A
MSP 3 1.04 0.96 0.00 4.92 A
MSP 4 1.13 1.13 0.00 5.90 A
MSP 5 2.45 2.52 0.00 13.17 B
MSP 6 311 3.47 0.00 16.85 C
MSP 7 0.82 0.79 0.00 3.47 A
MSP 8 0.82 0.78 0.00 341 A

MSP 1, FH-Na-Ba; MSP 2, FH-Na-S; MSP 3, FH-Cg-Ba; MSP 4, FH-Cg-S; MSP 5, Ba-Na-S;
MSP 6, Ba-Cg-S; MSP 7, Ba-Na-ANS; MSP 8, Ba-Cg-ANS; n, number; SD, standard
deviation. Data analyzed by Linear Mixed Model and multiple comparison with Bonferroni
test at significance level of P < 0.05.
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2) Value of errors in ANS deviation measurement (VEANS)

VEANSE MSP 6 (Ba-Cg-S) oA 7Hd & 29 S Bgow (P < 0.05),
MSP 5 (Ba-Na-S)7} th&o= & &9 S Rt (P < 0.05). YA 67

MSP+= 9] gk xfo]& HolXx] kgt (P >0.05) (Table 8, Figure 9).

Table 8. Value of errors in ANS deviation measurement (mm) (n=180)

MSP Mean SD Minimum Maximum Multip-)le
comparison
MSP 1 0.05 0.79 -1.74 3.19 A
MSP 2 0.08 0.79 -1.74 3.20 A
MSP 3 -0.02 1.41 -4.92 3.38 A
MSP 4 -0.28 1.57 -5.90 3.11 A
MSP 5 -1.10 3.34 -12.20 13.17 B
MSP 6 -1.81 4.30 -15.78 16.85 C
MSP 7 -0.32 1.09 -3.47 2.09 A
MSP 8 -0.31 1.09 -3.41 2.09 A

MSP 1, FH-Na-Ba; MSP 2, FH-Na-S; MSP 3, FH-Cg-Ba; MSP 4, FH-Cg-S; MSP 5, Ba-Na-S;
MSP 6, Ba-Cg-S; MSP 7, Ba-Na-ANS; MSP 8, Ba-Cg-ANS; n, number; SD, standard
deviation. Data analyzed by Linear Mixed Model and multiple comparison with Bonferroni
test at significance level of P < 0.05.
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5. A-P line deviation & 2.} H7}

1) Absolute value of errors in A-P line deviation measurement (AVEAP)

AVEAP: MSP 4, 5, 6 (FH-Cg-S, Ba-Na-S, Ba-Cg-S) ol ] t}

AR Fo ek & Fhe Btk (P <0.05) (Table 9, Figure 10).

Table 9. Absolute value of errors in A-P line measurement (Deg.) (n=180)

MSP Mean SD Minimum Maximum Multi;?le
comparison
MSP 1 0.43 0.59 0.00 3.04 A
MSP 2 0.82 1.05 0.00 5.44 A
MSP 3 0.77 0.71 0.00 492 A
MSP 4 1.22 1.32 0.00 6.75 B
MSP 5 1.53 191 0.00 13.17 B
MSP 6 1.95 2.52 0.00 16.85 B
MSP 7 0.67 0.67 0.00 3.47 A
MSP 8 0.70 0.66 0.00 341 A

MSP 1, FH-Na-Ba; MSP 2, FH-Na-S; MSP 3, FH-Cg-Ba; MSP 4, FH-Cg-S; MSP 5, Ba-Na-S;
MSP 6, Ba-Cg-S; MSP 7, Ba-Na-ANS; MSP 8, Ba-Cg-ANS; n, number; SD, standard
deviation; Deg., degree; Data analyzed by Linear Mixed Model and multiple comparison with
Bonferroni test at significance level of P < 0.05.
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2) Value of errors in A-P line deviation measurement (VEAP)

VEAP+=

q

ot

MSP 6 (Ba-Cg-S) o14] MSP 1, 2, 3, 7, 8 o] nl3s] EAH o=z &

Fookek 2 29 32 Bt} (P<0.05) (Table 10, Figure 11).

Table 10. Value of errors in A-P line deviation measurement (Deg.) (n=180)

MSP Mean SD Minimum Maximum Multip.)le
comparison

MSP 1 0.10 0.72 -1.57 3.04 A, B
MSP 2 -0.28 1.30 -5.44 240 B
MSP 3 0.19 1.03 -4.92 2.71 A, B
MSP 4 -0.44 1.74 -6.75 2.88 B, C
MSP 5 -0.59 2.37 -8.38 13.17 B,C
MSP 6 -0.84 3.08 -10.85 16.85 C
MSP 7 -0.23 0.92 -3.47 244 B
MSP 8 -0.15 0.95 -3.41 245 B

MSP 1, FH-Na-Ba; MSP 2, FH-Na-S; MSP 3, FH-Cg-Ba; MSP 4, FH-Cg-S; MSP 5, Ba-Na-S;
MSP 6, Ba-Cg-S; MSP 7, Ba-Na-ANS; MSP 8, Ba-Cg-ANS; n, number; SD, standard
deviation; Deg., degree; Data analyzed by Linear Mixed Model and multiple comparison with
Bonferroni test at significance level of P < 0.05.
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Figure 12. Inconsistent asymmetry evaluation result caused by two different
MSP (MSP 1 and MSP 6).
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o 73 A7} = 2wk debA R b RS sk ATt
F7bel7] Wi g AztArh FAA 7153 2719k ANSE A= MSP 7,8
2 AVEANS % AVEAPO| A MSP 1,29} BAA o2 Fox ¢l 22 #s
B3 o, AVEMedlA SAIFCRE Foxk = & #e BT Jeon T
H o] gl xS didos g ATAd FHe] Ay vludT
oA FH planeoll 2 3}al Crista Gallie At HWo| H]Ste] ANSS}

Crista Gallis AU+ HHo] Fy otHS A Fo=w It 31

(Jeon et al., 2007). aFA|RF & Aol A H B Skxbat& B Ao+,
ANS7} vt FAfo] mEt WelE JheAdo] Jorng b nigi S Ut

at7lol AAdetA] &S 4 Jdom, B ANSTF ot FE Al U F 9l

o= Aol A A S 7RI (Trpkova et al., 2003).

VEMe> F70A 715 S A vis MSP5, 6914 T2 Hisd w8 5
AMor o9& vk 71 & 59 s BT wEkA MSP 5, 65 7|+
o= 8 A v 322 Menton MHS FHAH7 3 = Qv AAR
Menton WL tf2 670 MSPol| H|3te] HAE 1.78mmellA EAE=
3.11mm7bA] A& Z o & ElETE (Table 2). VEANSOI A= MSP 5, 6 & 7]
TOE T A TAACE FoF Wt F S99 @S Hof vgAS A
7boh= Aee Holw, ANS WHeZFS tE 67§ MSPel Hlste] A A=
0.92mmeol A BAE 2.06mm7kA] A7 o2 YERRLT) (Table 2). =3+ 771

A AR A Z Crista galli® A1} MSP 69 4] NasionS # 1} MSP 59
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ABSTRACT

Comparison of different midsagittal plane configurations

in evaluating craniofacial asymmetry with CT images

SANGIN AN, D. D. S.
Department of Dental Science
Graduate School of Yonsei University

(Directed by Prof. Kyung-Ho Kim, D.D.S., M.S.D., Ph. D.)

Constructing midsagittal plane is important for planning orthognathic surgery for craniofacial
asymmetry patients through 3-dimensional cephalometric analysis. However, the structure of
all living things including human is difficult to have complete symmetry. So it has a limitation

to conduct midsagittal plane by using bilateral symmetric structures.

The aim of this study was to compare 8 different midsagittal planes constructed by median
structures and suggest most appropriate midsagittal plane in evaluating craniofacial asymmetry.
For that, the differences between measurements by candidate midsagittal planes and
measurements by the midsagittal planes chosen by experts were analysed in 3-dimensional CT

images of craniofacial asymmetry patients.
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A total of 30 patients (18 males, 12 females) in age of 25.7 £+ 6.03 were selected who visited

National Health Insurance Service llsan Hospital for craniofacial asymmetry and took CT

images from 2008 to 2014.

4 midsagittal plane were constructed by passing through two median structures while

perpendicular to the Frankfort-Horizontal plane (FH plane). Other 4 midsagittal plane were

constructed by passing through three median structures. Midsagittal plane (MSP) 1, 2, 3, 4

were constructed by passing through Nasion (Na) or Crista galli (Cg) in anterior median

structures and Basion (Ba) or Sella (S) in posterior median structures while perpendicular to

the FH plane. Midsagittal plane (MSP) 5, 6, 7, 8 were constructed by passing through Na or

Cg in anterior median structures and Ba which was fixed in posterior median structures and S

or Anterior Nasal Spine (ANS). Definitions of 8 midsagittal planes are as followings,

@

MSP 1 (FH-Na-Ba) — passing through Na, Ba while perpendicular to the FH plane

MSP 2 (FH-Na-S) — passing through Na, S while perpendicular to the FH plane

MSP 3 (FH-Cg-Ba) — passing through Cg, Ba while perpendicular to the FH plane

MSP 4 (FH-Cg-S) — passing through Cg, S while perpendicular to the FH plane

MSP 5 (Ba-Na-S) — passing through Ba, Na, S

MSP 6 (Ba-Cg-S) — passing through Ba, Cg, S

MSP 7 (Ba-Na-ANS) — passing through Ba, Na, ANS

MSP 8 (Ba-Cg-ANS) — passing through Ba, Cg, ANS

43



Menton, ANS and A-P line deviations were evaluated with these midsagittal planes. And the

results are as followings,

1. The most frequently chosen plane by experts was passing through Na and Ba while
perpendicular to the FH plane. It was chosen in 66 times from a total of 180 times of

implementation (P < 0.05).

2. In evaluation of Menton deviation, using midsagittal plane perpendicular to the FH plane
had less errors than using midsagittal plane passing through three median structures. Among
the midsagittal planes perpendicular to the FH plane, plane passing through Na had less errors
than plane passing through Cg in anterior median structures, but there was no statically
significant difference. In posterior median structures, there was no difference between plane

passing through Ba and plane passing through S (P > 0.05).

3. In evaluation of ANS deviation, using midsagittal plane passing through three median
structures in cranial base (Ba and S, and Na or Cg) had more errors than using midsagittal
plane perpendicular to the FH plane or passing through three median structures including ANS

(P < 0.05).

4. In evaluation of A-P line deviation, using midsagittal plane passing through Cg and S while
perpendicular to the FH plane or passing through three median structures in cranial base had

more errors than other midsagittal planes (P < 0.05).
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5. Using midsagittal planes passing through three median structures in cranial base can

underestimate the asymmetry of Menton, ANS, A-P line.

In evaluating craniofacial asymmetry, it is thought to be able to reduce the errors in clinical
practice to use midsagittal plane passing through Na in anterior median structures and Ba or S

in posterior median structures while perpendicular to the FH plane.

Key words: Midsagittal plane, Craniofacial asymmetry, 3-dimentional analysis
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