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Mandible
[

Hyoid bone

Fig 1. Procedure of 3D image reconstruction using
V-works™ 4.0 (Cybermed, Seoul, Korea).
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k29l FH plane (Frankfort =3 H)o] ulghol| 2]
o] HA dtx HFHH FFFR 9 =L IX|A]
A 7 o] FHFoM et e HEF

jod

L

7HA] i‘é}ﬂci WiE CTE g3t #9¢
42 V-works™ 4.0 (Cybermed, Seoul, Korea) g2
# o] SSD (shaded surface display) 7]%5S Al&8h]
3D model2 A TASIATE AFAEH F4Le LAZE
#oje] MPR (multiple planar reformat) mode’doll 4]
AAeE, stekE, AZ2 370 SOD (selection of de-
mand) 2 ¥ Zﬂ'(segmetatlon)'<'>‘]—‘}iTl}- (Fig 1).

32 A1 AlSE Y8 AEHe dFsa (Fig
2), 7IHEE 4 7‘6] =2 (Fig 3), 7]"7?33"4% A%

0.

Fig 2. Nine landmarks used in this study. Na (Nasion),
Most posterior point on the curvature between frontal
bone and nasal bone in the midsagittal plane; P (pre-
chiasmatic groove), vertical and transverse midpoint of
prechiasmatic groove; Or (orbitale), lowest point on the
infraorbital margin of each orbit; Po (porion, anatomi-
cal), highest midpoint on the roof of the external audi-
tory meatus; B (B point), greatest concavity point on
the anterior border of the symphysis; Me (menton),
most inferior point on the symphysis of the mandible;
Go2 (gonion2), midpoint of the posterior border of
mandibular angle; H (hyoidale), most upper and superi-
or point at the middle of the hyoid bone; Hs (hyoidale
superioris), most upper and posterior point at the great-
er horn of hyoid bone.
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AE body] T4E Avte 7S AR H
(hyoidale) point®] X, Y, Z FFA2] 331121

]9} Hyoid plane®} Horizontal plane©] ©]F+ Zt=
% 2F2 ZL(H-Hori angle)® Hyoid plane¥} Mandibu-
lar plane©] °]F= 2% & 2L FH(H-Mn angle)<
duy Fe AT, T2l @l 44 At
B AETNE AZsh

Hyoid plane?} Mandibular plane®]| ©]F+= ZAIS
2|7} 180°8 gl & 7 reverse inclination &2
Aot H(—)o FRE FA3dTt (Fig 4).

&71=2| Bl A=

S 712 MAE 7 F(oropharynx)ol 3
Botda 7R A7 EE T (epiglot-
tis)y7}A & X272 A|17d F(cervical vertebrae)2]
AP CHANX F-E A3 F] HAEH(C3)
77].;<] 5’—7:1/\-1 ms 7].] tﬂ-ﬂ i!-_,] 01—5_]7_%61 E vl
(T1), 3(T2), AAWFEN)S 7% 29 G@irvol)
g AAF 2nEmm’) 992 ASIAT (Fig
5). stetE FEE T Aol v AU B

Fig 3. Coordinate axis used in this study. A positive
coordinate value indicates the front, superior, and left
side of the patient, and a negative value indicates the
opposite. Na (Nasion), Most posterior point on the cur-
vature between frontal bone and nasal bone in the
midsagittal plane.
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idsagittal-plane.

Reverse inclinati

Inclination

Fig 4. Measurements of Hyoid bone. The 3-dimen-
sional position of hyoid bone was obtained by measur-
ing the distances between H point and Coronal,
Midsagittal, and Horizontal planes. The angle between
hyoid plane and horizontal, mandibular planes was ob-
tained for the angular measurement. If the angle be-
tween hyoid plane and mandibular plane was more
than 180°, a negative value was used and defined as
reverse inclination. Five reference planes were used in
this study. Horizontal plane, parallel to the FH piane,
which was constructed on both sides of Po and left of
Or, passing through Na; Midsagittal plane, perpendicu-
lar to the horizontal plane passing through Na and P;
Coronal plane, at right angles to the horizontal and
midsagittal plane passing through Na; Mandibular
plane, constructed by Me and both sides of Go2; Hyoid
plane, constructed by H and both sides of Hs.

sl ole] B S ol ) é}oﬂ t}. B point2]
Coronal plane¥}e] A& OH Y& Adelale] #x
*"“%] ]—}J\J—- ]J}‘#-J ;(4 '/F%ﬂ —6'4 7(]'
ol E stttz FE a\t(mandlbular setback, sBACK)L.
2 garsich, Aekeel A2k T posteron
nasal spine)] Horizontal plane}2] Agl& H3f 723
/\1'011}\1/] J}_Lf—_ z_;qo}MJ—y_ ] J}.—LJ oL 7<4 I

& A, Fo Aolg Fu|F YL EHENS im-

Fig 5. Measurements of Airway space, Mandibular set-
back, PNS impaction. 3-dimensional reconstruction of
upper airway was limited between C1 and C3. Mandibu-
lar setback was obtained by measuring the difference in
the distance between Coronal plane and B point at pre-,
post-surgery. PNS impaction was obtained by measur-
ing the difference in the distance between Horizontal
plane and PNS point at pre-, post-surgery. C1, lowest
midpoint on the 1st cervical vertebrae; C3, lowest mid-
point on the 3rd cervical vertebrae; B (B point), greatest
concavity point on the anterior border of the symphysis;
PNS (posterior nasal spine), the process formed by
uniting the projecting ends of the posterior borders of
the palatal process of the palatal bone; sBack, differ-
ence of mandibular set back at Ty and Ty; pIMPACTION,
difference of PNS.

paction, pIMPACTION)©.2 A3} t} (Fig 5).

B ool A8H BE 3R AAbst @5 ARl
o AF Y BAL TUS ARl o)3te] dste]
Bow, ZAA W 222 #elshr] ¢t T W
o] AZAE FAHR AFstd 1579 F A A
235}o] paired t-testE A 3F% 3L Kolmogorov-Smir-
nov AAPHE o] g8t ASA| Bl FHEEE W
S ZlEith ASE AsES vt #Zol
A Aeleksivh
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Table 1. 3-dimensional measurements and comparison of H (Hyoidale) between Class Il openbite group at T1 and
T2 and normal group (N)

H - x (mm) -12 463 NS 1.28 445 NS 0.89 3.01
H -y (mm) ~46.63 11.29 ’ -50.52 849 NS -56.48 7.62
H - z (mm) ~1156.36 12.93 NS -111.52 11.08 NS -108.27 7.31
H-Hori angle (*) 25.00 6.28 NS 24.66 7.44 NS 23.19 3.30
H-Mn angle (%) 13.65 6.73 ’ 16.20 7.11 T 515 10.23

o < 005 Tp < 005 NS, not significant; Sig, significance; SD, standard deviation; H-Hori angle, angle of hyoid
plane and horizontal plane; H-Mn angle, angle of hyoid plane and mandibular plane.

Table 2. Mean treatment changes of H (Hyoidale) and

=44 e Wi udre 34 wd Hyoidale upper airway volume (airVol) in the Class Iil openbite
o] 3x1A 3, Hyoid plane¥} Horizontal plane©] group
o] F= 7} ¢} Hyoid plane®} Mandibular plane©] ©] :
F= 45, ”7“: F9 & A&3le] paired r-test=
otwy % A, 3 2+) 2ol 9} independent r-testZ
otwd % A 9Jr A mat 7re) xlol2 AR H - x (mm) 248 53 0133 NS
5=, /\Jgoﬂ 2 2244 mE AgadtEa 3 H -y (mm) -39 987 0198 NS
Awg 7ke] Az B Z}o]| & independent H - z (mm) 3.84 842 0.143 NS
rest2 AASGAT sttE FTE e Tu)2 Ao H-Hori angle () 034 618 081 NS
T dwy F£4 AH T A 21 zjo)ghe] H-Mn angle (°) 255 479 0092 NS
SRBAE Generalized Linear Model (adjusted with airVol (mm?) -2522.86 271172 0.000 )
site)& ©]-§-3Fe] A5 "p < 0.001; NS, not significant; H-Hori angle, angle of

hyoid plane and horizontal plane; H-Mn angle, angle of

HATME hyoid plane and mandibular plane.

AAKRE L X}
inclination& ZZ24 I+ /N s Jeht

= A7 ASA S #F A2 =2 Frjet A @ka B ugrelA 1098 F 470 reverse

7] fleted Al7|E 2 2R 7 5710 FENS 2% inclination< Xt} (Table 1).
o] 13 7t o s FU oz & wo zA} ZAX MF AWaddA] sots TEse =
A7t 2R S NBAG O, paired riest A fro) e ok Fdol o) ABL 248 mm HEo
& Aol7b GAAEt ( > 0.05). 2 39 mm THO 384 mm MO o] 3 oF
e BIAT FARLRE F3 zbols HolA|

H (Hyoidale)Q| 3XIA ZtEQ} ZIEHZ H okttt (Table 2).

kI

Hyoid plane®} horizontal plane©] ©]F+= ZHH-

AEE B4 MF NLngTds dug ¢4 Hori angle)> otm%d < ¥ 034° 7439,

Aol Hdmatate] Ao vla] Aol 9x]3ta mandibular plane®} ©]F& ZHH-Mn angle)& 2.55°

AU (p < 0.05). Hyoid plane®} mandibular plane 7R ev BAA SR Foldt ato]&= HelA] &
o] o]F& Z+e otwA 4% Ao FAwIEET} XTH (Table 2).

Z #e UYL (¢ < 009), duF & T
= 1 zkel7F 98 F718IT (p < 0.01). Reverse
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A7|=e| 2ol Hlw slora SEZ FH|Z oS 47| Fo
B3ROl At

A4 mE AugTan dud o F 3
71=9] RuE BAXCE foA A i ot FE g FTu|5 ol gde duA
( < 0.001) (Table 2), A4 IIF N % A, T AV|E Rulxielst #TAZE (AT
NE Fae duy oo, F BT AT (Table 5)
o Hlal #d YA AL FAE BAT @ <
0.001) (Table 3). k-

At &8 Y o4 244 IIE
Aagttel &3 ddi e 2 e 5 WA Gl AR H NEwEte] sl et 2
9Z Bt (p < 0.05) (Table 4). T gd® ol glo, etebd 71E & FRket

k] A Guy FEE A 8AY] ZFEeo}
she 457 1 ead Fitste] A8 ol A

Table 3. Comparison of upper airway volume (airVol) between the Class |l openbite group at T1 and T2 and normal
group (N)

airVol (mm®) 870254 349473 -6831.06 6,17968 193735 -935393 ’ 1553361 419957

"p < 0.001. Sig, significance; SD, standard deviation.

Table 4. Comparison of upper airway volume (airVol) in male and female between the Class lil openbite group at
T1 and normal group (N)

Male 12,253.86 4 17,670.06 5 0.037
Female 7,086.61 o 13,397.15 5 0.019
p < 0.05.

Table 5. Correlation between mandibular setback, PNS impaction and upper airway volume change in the Class I
openbite group at T1 and T2

sBACK (mm) 8.40 353 -0.346 0.271 NS
pIMPACTION (mm) 3.92 0.90 -0.128 0.693 NS
sBACK & pIMPACTION —-0.350 0.232 NS

8, Linear regression coefficiency; NS, not significant; sBack, horizontal change of B point at T and Tz pIMPACTION,
vertical change of PNS at Ty and Te.
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ORIGINAL ARTICLE

The structural change in the hyoid bone and upper airway after
orthognathic surgery for skeletal class Il anterior open bite

patients using 3-dimensional computed tomography

Yoon-seob Lee, DDS, MSD," Hyoung-seon Baik, DDS, MSD, PhD,’
Kee-joon Lee, DDS, MSD, PhD,’ Hyung-seog Yu, DDS, MSD, PhD*

Objective: The purpose of this study was to investigate the structural changes of the hyoid bone and upper air-
way after orthognathic surgery for skeletal class Il anterior open bite patients, and make comparisons with nor-
mal occlusion. Methods: Pre- and post-operative computed tomography (CT) examinations were performed on
12 skeletal class Il anterior open bite patients who were treated with mandibular setback osteotomy. Using the
V-works 4.0™ program, 3-dimensional images of the total skull, mandible, hyoid bone, and upper airway were
evaluated. Results: In the Class Ill openbite group, the hyoid bone were all positioned anteriorly, compared to
the Normal group (p < 0.05). The angle between the hyoid plane and mandibular plane in the Class Ill openbite
group before surgery was greater than in the Normal group (o < 0.05), and the difference increased after sur-
gery (p < 0.01). In the Class lll openbite group, the volume of the upper airway decreased after surgery (p
< 0.001) and the volume of the upper airway was smaller than the Normal group before and after surgery (p
< 0.001). Conclusions: The narrow upper airway space in skeletal Class Ill openbite patients decreased after
mandibular setback osteotomy. This may affect the post-surgical stability. (Korean J Orthod 2009;39(2):72-82)

Key words: Three-dimensional computed tomography (3D CT), Skeletal class Il openbite, Hyoid bone,
Upper airway
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