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Fig 2. A, Construction of three-dimensional reference planes for measuring frontal and lateral ramal inclination (MSR

plane; midsagittal plane, FH plane; Frankfort horizontal plane). B, The SOD file of the mandible was made in order
to observe the mandible only.
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Table 1. Description of three-dimensional landmarks constructed in this study

Landmarks Abbreviation

Description

Condyle area

Condylion superius

Cdsup_sup
Condylion posterius

Cdpost_tat

Cdpost_post
Condylion lateralis

Cdiat_ant

Cdhat_tar
Sigmoid notch

S

Gonion area

Gonion inferius

GOunt_tar

Gount_inf
Gonion midpoint

GOnmid tar

GOrmid_obt
Gonion posterius

GOpost_tat

GO]')OSt __post
Gonion lateralis

GOvat_ant

GOvat_tat
Antegonion

AG ar

Ag iy

Menton area

Menton

Me ane

Me iy

The

The
The

The
The

The

The
The

The
The

The
The

The
The

The

The

The
The

most superior point of the condyle head on superior view

most posterior point of the condyle head on lateral view

most posterior point of the condyle head on posterior view

most lateral point of the condyle head on anterior view

most lateral point of the condyle head on lateral view

most inferior point of sigmoid notch

most inferior point of curvature along angle of mandible on lateral view

most inferior point of curvature along angle of mandible on inferior view

midpoint of curvature along angle of mandible on lateral view

midpoint of curvature along angle of mandible on postero-lateral view

most posterior point of curvature along angle of mandible on lateral view

most posterior point of curvature along angle of mandible on posterior view

most lateral point of the gonion area on anterior view

most lateral point of the gonion area on lateral view

most superior point of antegonial notch of mandible on lateral view

most superior point of antegonial notch of mandible on inferior view

most inferior point on symphyseal outline on anterior view

most inferior point on symphyseal outline on inferior view
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Cdsup_sup - GOmid_obt, Clsupswp = GOposttats Clsup_sup -
GOpost _posts Cdsup_sup - Ag_zaz, Cdsup_sup - Ag_mg 87 H ?‘5(]—%
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Fig 3. Three-dimensional landmarks constructed. A, Anterior view; B, lateral view; C, postero-lateral view; D, posterior
view; E, superior view; F, inferior view. The landmarks are described in Table 1.
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length+ I, SH, APH, 3H, = 3P FollA]
uhehE 33kl YA DAl A Gointiar - Mée_ans GOint_iar
- Me iy, GOintins - Me_am, GOint_inf - Me _ins, GOpost_iar -
Me ani, GOmid_tar - Me_ant, GOmid_tar - Me_ins, GOmid ot -
Me _ani, GOmid_ost - Me_in, GOpost_iar - Me_ins, GOpost_post -
Me _an, GOpost_post - Me_inf-o/] 1274 @'%—gi A 'E‘il' 6‘}‘
o} Al&3F T} Condylar neck length= Cdgpap - S
2 Axste] SHoA vl 33k A G gl A
Al =3} T} Frontal ramal inclination2 g™ 3} =W
o7 FEIIY] Cducaw - GOuaw to MSR plane,
Cdiat_tar - GOat_tar to MSR plane®] 270 &E-© 2 later-
al ramal inclinatione =WHI} FH oz HE-3lo]
Cdpost_lar - Goposl_lat to FH plane, Cdpost _post ~ G0p051 _post
to FH plane®] 27} =0 g2 z}z} A &3}ste] A=
3}ATH (Table 2).
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AZA 70l e AAEE dolir] Y8 3319
AGd 220 FAAA T g HY Af 257 &
o &S st sttt ARASEE ramus
length, mandibular body length, condylar neck length
o] 4% 001 mm @2, ZEAZ3EQ] frontal
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o] Wit 9 RFHAE ZAAPE
w, ZARARES] A EE B w st
st FEAHEA I} FU /g T(intraclass correlation)
S At feats AR of2y 3
2k JAGS Z2a AL Aol e A
ke ZAdo]l gl AR zto]lE golE 7]
$13ted Tukey grouping© = A% %) & Ald)slSl
ok EgE AR AFEE golE Y] fste] g
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Z}o] & paired t-testZ H| 1 3}= SFH Pearson 7T
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& obuy] 93k

Table 2. Linear and angular measurements constructed

Variables Measurements

Ramus length (mm)
Cdsup_sup = GOunt_tar
Cdsup sup = GOunt inf
Cdsup sup ~ GOmid_tar
Cdsup_sup = GOmid_obr
Cdsup,sup - GOposLJaz
Cdsup,sup - GOposL _post
Cdsup_sp = AL_iat
Clswpsup ~ Ag_in
Mandibular body length (mm)
Goint jar = Me_ane
GOint 1t = Me_ins
GOint_inf = Me_ant
GOint_inf = Me_ins
GOomid_tar = Me ane
GOmj(Um - Mefw"
GOmid obt = Me_anr
GOmid obt = Me ins
Gopost_tar = Me ane
Gopost e = Me ins
Gopost_post = Me_ane
GOopost_post = Me iy
Condylar neck length (mm)
Cdsup_sup = S
Frontal ramal inclination (deg)
Cdiat et — GOnatae to MSR plane

Cdiaiar = GO to MSR plane
Lateral ramal inclination (deg)
Cdpost,lar - GOpostJar to FH plarle

Cdpost _post Gop()sl _post to FH Dlal’le
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length®] Cdup_sup - GOmia_owr 2}, mandibular body length X dM A= A {20 WE X|o]

2] Gomid_obt - M€ _am, GOmid ot - Me ins, 37NE A <] S

BE ASFEAA AR zto]= fle R 32k é% AS B8 57 Adx vA]=
Uehdes, RE §E0A 08 ol B AWH  AUE Fohis] el A 9@ Aol
< BT} (Table 3). Hol=3 H«] ol tiote] AbeAl e AldgE 2

‘l/]', ramus lengthﬁ 1/]'1——:'—14'1“1: Cdsup_sup - Gomid_ubl'/] 751

Table 3. Results of ANOVA test and intraclass correlation coefficient showing inter-examiner reproducibility of meas-
urements (n = 40)

A B C D ANOVA
Measurements ICC

Mean + SD Mean + SD Mean + SD Mean + SD (p value)

Ramus length (mm)

Cdsup sup = GOinf tar 7118 £ 649 7168 £ 669 7169 £ 659 7169 £ 6.36 NS 0.967
Cdswp_sup = GOint_ins 7193 + 636 7165 + 669 7179 £ 662 7239 + 6.28 NS 0.969
Cdsup_sup = GOrmid_tar 63.79 £ 569 6324 £ 623 6477 £ 646 6556 * 6.12 NS 0.909
Cdsup_sup = GOmid_obi 62.71 £+ 547 6330 £ 626 6470 £ 645 6654 £ 577 0015 0824
Cdsup_sup — GOpost_tar 54.00 + 494 5279 + 577 5462 £ 568 5228 + 418 NS 0.867
Cdsup_sup = GOpost_post 5330 + 481 5267 £ 556 5464 £ 591 5221 + 441 NS 0.862
Cdsup_sup = AZ tar 7542 £ 600 7523 £ 629 7483 £591 7537 £ 580 NS 0.908
Cdswp_sup = Aginf 7613 £ 606 7530 £ 633 7505 £590 7632 £ 576 NS 0.907
Mandibular body length (mm)
GOint iar = Me_ant 81.69 £ 486 &81.14 £ 530 81.29 £ 441 8090 £ 4.88 NS 0.887
GOinfia = Me_inys 80.19 £ 523 8112 £ 535 8129 £ 468 80.76 £ 530 NS 0.873
Gount iy = Me_ane 81.21 + 501 81.17 + 557 81.22 £ 459 8091 + 511 NS 0.881
GOint_ing = Me_ins 7986 £ 552 81.08 £ 556 80.77 £ 478 80.03 £ 559 NS 0.871
GOmid_tat = Me_ant 9033 £ 587 91.69 £ 564 8927 £ 551 8915 £ 579 NS 0.884
GOmid_tat = Me_ins 89.01 + 636 91.30 £ 593 8883 £ 586 89.32 + 6.00 NS 0.888
GOmid_ont = Me_ane 90.06 + 618 91.66 = 576 8899 £ 587 8831 * 6.10 0.040  0.860
GOmid_obi = Me_inf 8880 + 657 9126 £+ 576 8338 £ 6.06 8350 £ 6.35 0.048  0.868
Gopostiar = Me_anr 9621 + 585 9746 £ 579 9562 £ 590 9586 + 6.81 NS 0.928
Gopostiar = Me_iny 949 £ 628 9735 £591 9541 £ 601 9631 £ 6.73 NS 0.921
GOpost_post = Me_anr 966 + 609 9740 £ 592 9544 £ 589 96.12 + 6.63 NS 0.925
GOpost_post = Me_inf 9451 £ 646 97.06 £ 596 9493 £ 6.06 9629 £ 6.70 NS 0.906
Condylar neck length (mm)
Cdsupsp = S 2764 £ 327 2808 £ 350 2838 £ 574 2852 £ 340 NS 0.865

Frontal ramal inclination (°)
Cdiatant — GOlatane to MSR plane 1292 £+ 279 1287 + 282 1270 + 280 1292 + 267 NS 0.859
Cdiatiar = GOuat_iar to MSR plane 1307 £ 281 1295 + 283 1309 + 282 1294 + 2.74 NS 0.844
Lateral ramal inclination (°)
Cdpost_iat = GOposiar to FH plane 80.82 + 317 8083 + 273 8079 £ 3.05 8103 £ 276 NS 0.831
Cdpost_post ~GOpost_post to FH plane 80.12 + 3.07 8042 + 292 8037 £ 312 8054 + 281 NS 0.881

I+
+

I+
I+

NS, not significant; ICC, intraclass correlation coefficient; excellent > 0.800.
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Table 4. Post-hoc comparison by Tukey grouping in the measurements showing significant difference between exam-
iners

Measurements Mean += SD p value

Ramus length

Cdsup_sup - GOmid_abl A B C D
62.71 £ 571 63.3 * 6.26 647 + 645 6654 + 577 0.015
Mandibular body length
GOmid_ovt = Me_ane D C A B
88.31 £ 6.10 8899 + 5.87 90.06 = 6.18 91.66 =+ 5.76 0.040
GOmid_obt = Me iy C D A B
88.38 £ 6.06 885 * 6.35 888 + 657 91.26 £ 576 0.048

Groups connected by horizontal bars were not significantly different.

G AF Aol A= At A 4 g ¥hA, man- U A719] FEEA BGoF Al AP ARE o
dibular body lengths YWENH= Gomiaon - Me ot g St} olelg EAH S S5t Bt &3 <t
Gomid o - Me w2l 2% AZ 7ol gl A7t 28 AnjiA ] FrHE YAl FHZele 32k CT 4
o] 3= Aol vlst] FA S3He AT BEA g o83t Al FFE ARt ol &gt
53] Gomidort - Me.an®] 75 74 87HA, B)9} F T B AlEdm ok B A o233
AEAHC, D)ZF] Flgk 2ol S BT} (Table 4). A CT G7gellA hHnItiA] Al 2% 2ol & B
I JE ASHE A, ol & o &3 A
ASEZ| ASAI7|0f @2 = o] AAEE vlw Frlete] hHu|tA] $kxto]
A F83 ASH 2 ASTEE A Ege] ¥
ASA716] M2 ASX ] AAEE dolEy] ] 12+ A= ATk

st @ ZARAHA)ANA 13]9} 23]9] A B oA sletEe] PHE AL R
ttestE APt Z¥, ramus length®] Cdapap - sttt 4R, H5HE Agsta 7 §919 Al
Gomia_on 2}, mandibular body length®] Gomid 1o - Me ins E Q1] 9| Fﬂ—\ﬂ— g3 23 Al BE Zhxd w2t
5 5 FES A3 nE AZgEoA BAA H TEste] F 18719 ASHS At sde
OJx}5 HolA] gttt (Table 5). Hgk sjoj& A ASH ]E‘r‘: & 5] 2& goniono| 2t A2},
2 9 reliability A BE FEA] 09 o] gonion F-912] s, F1H4, HFHH S5 9X
o] =& A#HBAE veilo] 2A AdEs o wet ASHe ARE u Ad=rF 22 S+
¢ & o2 UEITH (Table 6). =, AA A AS3=E A% Al gonion -9
of EAAAIL T8 § AT dFH oz Z A
| o7} i ASed ARt B A AgSs
ol elgslelel AEo] 2 AFdes 2L 3
FAMAY S 7oz et e st F 34 ASdolet A gtE B e wat A9
Aol #&5 e $5o2 AYHAAY A7 S FEst ASHE dFsta ASEE vuEs

EE F49 5 atol7t e AT ol & HH Al =38t T
Ao FAHstm AUTk” oj2it kHn|thA 2t gk 231 AQ] SR 9 A RIAPAARIGA =
A AalA] dAZA] el e B BFHHAL He Zhert AalA e v, 320 Al el A
AFAA T 22H9 A1 ARlo] F2 ALg-E ol gt = 4 A Be 4= wet Ad=rt ged
o, o= 3x A AR RE Ao R R U= AR AGEHATh ol 5] gonion®] HF
Pt Aoln2 Aol g 9 oo 3 FH WAE S e S wel Ad=e YA
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Table 5. Results of t-test showing intra-examiner reproducibility of measurements (n = 40)

1st measure 2nd measure
Measurements Significance
Mean + SD Mean + SD
Ramus length (mm)
Cdsup sup = GOint_tar 71.18 £ 6.49 71.20 £ 6.49 NS
Cdsup sup = GOunt_inf 719 + 6.36 7168 + 6.43 NS
Cdsup_sup ~ GOmid_tar 63.79 £ 5.69 64.22 = 557 NS
Cdsup_sup = GOrmid_ob! 62.71 + 547 63.53 + 5.80 0.036
Cdsup_sup = GOpost_tat 54.00 + 494 54.27 + 433 NS
Cdsup_sup = GOpost_post 53.30 £ 4.81 5366 + 452 NS
Cdsup_sup ~ Agiar 7542 + 6.00 75.31 + 6.26 NS
Cdsup sup = AZ iy 76.13 * 6.06 76.00 + 6.18 NS
Mandibular body length (mm)
GOt e = Me ane 81.69 + 4.86 81.71 + 465 NS
GOt 1ae — Me ins 80.19 + 523 8045 + 4.82 NS
GOt iy = Me ane 81.21 + 501 81.17 = 4.69 NS
GOint_ing = Me_iny 79.86 £ 552 79.76 £ 501 NS
GOmid e = Me_ane 90.33 + 587 90.57 + 6.06 NS
GOmid e = Me_in 89.01 * 6.36 89.27 + 6.24 0.035
GOmid ot = Me an 90.06 + 6.11 9058 + 6.15 NS
GOmid_ovt = Me iy 88.80 £ 6.57 89.08 + 6.71 NS
Gopost_tar = Me ane 96.21 + 585 95.78 £ 6.21 NS
GOpost it — Me s 94.9 + 6.28 .85 + 6.28 NS
GOpost_post = Me_ane 95.66 + 6.09 95.63 + 6.17 NS
GOpost_post = Me_ins 9451 + 6.46 9452 + 641 NS
Condylar neck length (mm)
Cdswpsp = S 27164 + 327 2769 + 3.00 NS
Frontal ramal inclination (°)
Cdiat_ant~ GOnat_ane to MSR plane 1292 + 2.79 1290 + 2.80 NS
Cdiat it = GOwat e to MSR plane 13.07 = 2.81 13.09 + 2.82 NS
Lateral ramal inclination (°)
Cdpost e = GOpostiae to FH plane 80.82 + 3.17 80.79 + 3.05 NS
Cdpost post = GOpost_post to FH plane 80.12 + 3.07 80.39 + 312 NS
NS, not significant.
FE HANAN TP B WS @ F G Rel ARAAS 34 A Wi ARD ol AR 2
99 Wl AR} thE S eng AR} oldYA okl A il wAs
we ASAE APY F Ab AelsadE BE Z selaive APPRE S 43 A
7] 918 Foo wa HE 7S E}Okohﬂ o}oi 741 2 Cdpost w71kt
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Table 6. Pearson correlation coefficient and reliability coefficient between first and second measurements showing

intra-examiner reproducibility

Measurements Pearson correlation coefficient Reliability coefficient

Ramus length
Cdsup_sup = GOun_tar
Cdsup sup = GOunt_inf
Cdsup sup ~ GOmid_tar
Cdsup sup ~ GOmid_obr
Cdsup,sup - GOposLJaz
Cdsup,sup - GOposL _post
Cdsup sup = AZ 1t
Cdsup_sup = AL inf
Mandibular body length
Goint iar = Me_ane
Goint 1ar = Me_inf
Goint inf = Me_ant
GOint inf = Me iy
GOmid e = Me_ane
GOmid e = Me_ins
GOmid obt = Me_ant
GOmid obt = Me _ins
Goposttar = Me _an
Goposttar = Me ins
Gopost_post = Me_ane
GOpost_post = Me iy
Condylar neck length
Cdsupsp = S
Frontal ramal inclination
Cdiatant = GOwat_ane to MSR plane
Cdiat it = GOpatir to MSR plane
Lateral ramal inclination
Cdpost_iar = GOpostiar to FH plane
Cdpost_post — GOpost_post to FH plane

0.992
0.992
0.965
0.911
0.936
0.921
0.973
0.981

0.947
0.954
0.934
0.959
0.970
0.983
0.971
0.973
0.954
0.988
0.983
0.971

0.914

0.990
0.988

0.949
0.941

0.992
0.991
0.963
0.901
0.928
0.918
0.973
0.981

0.947
0.951
0.934
0.955
0.969
0.982
0.968
0.973
0.951
0.988
0.983
0.972

0.913

0.943
0.970

0.975
0.948

All values were statistically significant (p < 0.001).
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ORIGINAL ARTICLE

Reproducibility of asymmetry measurements of the mandible

in three-dimensional CT imaging

Go-Woon Kim, DDS, MSD," Jae-Hyung Kim, DDS, MSD, PhD,’
Ki-Heon Lee, DDS, MSD, PhD,” Hyeon-Shik Hwang, DDS, MSD, PhD?

Objective: The purpose of this study was to evaluate the reproducibility of measurements representing asymmetry
of the mandible and to identify which landmarks would be more useful in 3-dimensional (3D) CT imaging.
Methods: Facial CT images were obtained from forty normal occlusion individuals. Eighteen landmarks were es-
tablished from the condyle, gonion, and menton areas, and 25 measurements were constructed to represent
asymmetry of the mandible; 8 for ramus length, 12 for mandibular body length, 1 for condylar neck length, 2
for frontal ramal inclination, and 2 for lateral ramal inclination. Inter- and intra-examiner reproducibility of the
measurements was evaluated. Results: Inter-examiner reproducibility of the measurements proved to be high ex-
cept for 3 measurements. Intra-examiner reproducibility also proved to be high except for 2 measurements. Inter-
and intra-examiner reproducibility of the measurements including Gonion proved to be low. Conclusions: The re-
sults of the present study indicate that the landmarks and measurements constructed in 3D CT images can be
used for the diagnosis of facial asymmetry. (Korean J Orthod 2008;38(5):314-327)

Key words: Facial asymmetry, 3D CT, Landmarks, Reproducibility
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