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Hyoid bone

Fig 1. Procedure of 3D image reconstruction using
V-works™ 4.0 (Cybermed, Seoul, Korea).
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%12}2] FH plane (Frankfort =3 WH)o] nletof] =%
o] A sta HFAF HIGR ] FHS LA
7 2t gzt FAFo|A sttt e AEY ok

A TIHEE UAE cTE Fasidn) 29
23e- V-works™ 4.0 (Cybermed, Seoul, Korea) &1
o] SSD (shaded surface display) 7|52 AF-&3}o]
3D model 2 ATASIATE AFAH G AZE
¢oje] MPR (multiple planar reformat) mode”’s©i] 4]
AAGF, sletZ, AZ2] 371 SOD (selection of de-
mand) 2 & Z5L(segmetat10n) sHA T (Fig 1).

3 AR AlS f‘sH AZFHEE 443t (Fig
2), 715=FES 43 T (Fig 3), 7|=HAS 23
st AlSS A9 } ‘3} (Fig 4). AlSHe] A%
NEgE 2 FAEe] AL Park 5 ATolA
AQkgt WHH-S ARE-SlA T

o}
O

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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A= body-J ZA1S A= 7 F APl H
(hyoidale) point®] X, Y, Z 3t A2] 324 2Q1 9
]2} Hyoid plane¥} Horizontal plane©]| ©]F+= Zt=
% A2 Zk(H-Hori angle)} Hyoid plane?} Mandibu-
lar plane®] ©|F= A% F 22 ZL(H-Mn angle)=
dwd e (T, T2l thall 22 Al=slta
A aFTMNE A S8

Hyoid plane®} Mandibular plane©] ©]F= ZA|S
2|7} 180°8 dolA & o—or% reverse inclination ©. &

Belatm &(—)el 442 HolatTt (Fg 4)

7= Rl AF

=

e
o

=38 A= WS 721 F(oropharynx)°l] g
730}95\31 TAF7F oﬂ?7ﬂoﬂ/\1v‘ﬂ 77N (epiglot-
tis)7FA S F3slE 2 A|17 S (cervical vertebrae) 2
FHAPLH(CANAFH A3 F2] HAFEH(C3)
A 244 R Agudre] dwy e A
(TD), T(TZ), BAuETEMN) e A% -7 (irVol)
2 AAE 2e)vEmn’) 992 AZs90 (Fig
5). stet= ?‘Q F, FH| S ol s A7E F

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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Inclination

#eversa inclinatio

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 plane,
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.

g steto] FAAG S LolE 1A} 51 E}. B point2]
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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 T and T,; pIMPACTION,
difference of PNS.

paction, pIMPACTION)2.2 73} t} (Fig 5).
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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)

T1 T1 vs N T2 T2 vs N N
Mean SD Sig Mean SD Sig Mean SD
H - x (mm) -1.2 4.63 NS 1.28 4.45 NS 0.89 3.01
H -y (mm) -46.63 11.29 * -50.52 8.49 NS -56.48 762
H - z (mm) -115.36 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 8.30
H-Mn angle (°) 13.65 6.73 16.20 711 T 515 10.23

p < 0.05 Tp < 0.01; 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.
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Table 2. Mean treatment changes of H (Hyoidale) and
upper airway volume (airVol) in the Class Ill openbite

group

4T2-T1
Mean SD p Sig
H - x (mm) 2.48 53 0133 NS
H -y (mm) -39 9.87 0.198 NS
H - z (mm) 3.84 842 0.143 NS
H-Hori angle (°) -0.34 6.18 0.851 NS
H-Mn angle (°) 2.55 479 0.092 NS

airVol (mm”) -2,022.86 2,711.72  0.000 i

“p < 0.001; NS, not significant; H-Hori angle, angle of
hyoid plane and horizontal plane; H-Mn angle, angle of
hyoid plane and mandibular plane.

inclinatione =24 IIF 7w g+ vehg

A e¥ska Aol Al 107 F 47H0] reverse
inclination= =St} Table 1).
=A /ﬂ 1IR=S HH

=2

=, 3. 9 mm %~
e E"ﬂx]”} 57;”14 oi ‘rr-Jd X}O] P—O]X]
%34Tt (Table 2)

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

Hori angle)< <t = £ 034° 743k,
mandibular plane@} ©]F= ZHH-Mn angle) 2.55°
F7VtR oy BAH o2 folgk Afol= HolA] &
ST} (Table 2).
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&71=9 Rof Hlw steta ZEE, FH|Z ol AV|= 2o
HHSItol AbEtatA|
244 M Wudrds dud v= §F 4
7z Bue EAAoR oA A ptasia steha $EE, $H|5 ol sRe <tw
(p < 0.001) (Table 2), =24 7 N = A, T A= FI Aol BAZE AH
= Fo e duy e A, F BF FAudT (Table 5)
o Hlal o] A A FAE BT p <

0.001) (Table 3). E

Aymdeel &3 @47 44 AY mF
Mgl &3 393 cgud 2 e g el AAY Agagel sal het &
9& BT (p < 005) (Table 4). T 2 ol m glont, et /1Fe Bt
Aol A9 A F&E A2A Yol Easlelol
e A9 BI $4S Bl AR olF A
A Aol B sk 1R 35 9

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

T1 T1 vs N T2 T2 vs N N
Mean SD Mean Sig. Mean SD Mean Sig. Mean SD
airVol (mm®) 870254 349473 -6,331.06 6,179.68 193735 -9353.93 1553361 4,199.57

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

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

T1 N T1 vs N
Mean (mm’) N Mean (mm’) N D Significance
Male 12,253.86 4 17,670.06 5 0.037 ’
Female 7,086.61 5 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 Il
openbite group at T1 and T2

4T2-T1 Correlation
Mean SD B D Significance
sBACK (mm) 8.40 3.53 -0.346 0.271 NS
pIMPACTION (mm) 3.92 0.90 -0.128 0.693 NS
sBACK & pIMPACTION -0.350 0.232 NS

A, Linear regression coefficiency; NS, not significant; sBack, horizontal change of B point at T; and T2 pIMPACTION,
vertical change of PNS at T) and To.
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AR A nddS B9 F44 1H 2 u e

o= Ay duy &S B A F 128

AA T 33k Asksl T3 AR S o] fete] 24

A FA9 AZF g AF A7z 33 G
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ORIGINAL ARTICLE

The structural change in the hyoid bone and upper airway after
orthognathic surgery for skeletal class III 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 Il openbite
group before surgery was greater than in the Normal group (p < 0.05), and the difference increased after sur-
gery (p < 0.01). In the Class Ill 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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