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Table 1. Distribution of subjects

1116 069

Male

9
1 o
CassT pomale 9 1120 o9
Mal 8 1059 173 0.984
Class T ¢ ' '

Female 11 11.05 1.61
SD, Standard deviation.
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Fig 1. The three-dimensional image was reoriented, us-
ing the FH plane as its horizontal reference plane. The
FH plane was constructed from the right and left po-
rions (Po{R), Po(L)) and the right orbitale (Or(R}).
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sttt (Fig 2).

F71Ze WA AS

32+ model “dellx] 715 ZHT(ANS plane, PNS
plane, PNA-posterior plane, PNS-axial plane)ll 2|3
P39 7= F7ke] BHZE(Sa, Se, Ser, Sea)S 7t
zt S8Rt (Fig 2).
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Fig 2. Reference planes and the cross-sectional area measurements of the upper airway. Reference planes: A, ANS
plane, the coronal plane passing through the anterior nasal spine (ANS); B, PNS plane, the coronal plane passing
through the posterior nasal spine (PNS); C, PNS-posterior plane, the coronal plane passing through the point on the
anterior pharyngeal wall extending from PNS (PNS-posterior); D, PNS-axial plane, the axial plane perpendicular to
the coronal plane from PNS. The cross-sectional area measurements of these planes: the ANS plane area (S,), the
PNS plane area (Sp), the PNS-posterior plane area (Spr), the PNS-axial plane area (Sea).
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Fig 3. Upper airway volumetric measuremets. To isolate the space of the airway, the threshold value was set at a
range of —1,024 to —300 Hounsfield units. The airway was sculpted to be isolated and divided into two parts by
the PNS plane; the volume of the upper airway in front of PNS point (Wy), the volume of the upper airway just behind
of PNS point (Ws). Volumetric measurements were carried out using InVivoDental software (Anatomage Inc., San

Jose, CA, USA).

Fig 4. Two-dimensional cephalometric images were derived from the three dimensional CT scans by creating an or-

thogonal projection with parallel rays.
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Table 2. Cephalometric measurements

The angle formed by the junction of the posterior and lower
borders of the mandible

Vertical skeletal pattern  Gonial angle ()

AFH (mm) Anterior facial height: the linear distance between N (nasion)
and Me (menton)
PFH (mm) Posterior facial height: the linear distance between S (sella) and
Go (gonion)
FMA ® The angle formed by the Frankfort Horizontal plane (FH plane) and
mandibular plane (Go-Me)
PFH/AFH Ratio of PFH to AFH
Anteroposterior skeletal  Ba-SE-FMN () The angle formed by Ba (basion), SE (spheno-ethmoidal suture)
pattern and FMN (frontomaxillary nasal suture)

A to N perp (mm)  The linear distance from A to the nasion perpendicular
Pog to N Perp (mm) The linear distance from pogonion to the nasion perpendicular
ANB (°) The difference between SNA and SNB
Mndibular body The linear distance of mandibular plane (Go-Me)
length (mm)
Facial convexity (°) The angle formed by N, A and pogonion

PATh RE EAA AL KAFE 5%T F=
AR E AASSn, A T2 Windows&
SPSS version 12.0 (SPSS, Chicago, IL, USA)S A&
3tk

S

oF 7y

L]
QW e Ty

SN
L

\

(™
=

Fig 5. Cephalometric measurements used in this study.
1, A to N perp; 2, Pog to N perp; 3, facial convexity;
4, mandibular body length; 5, ANB; 6, gonial angle; 7,
anterior facial height; 8, posterior facial height; 9, FMA,;

10, Ba-SE-FMN.
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ZA A e Zholl felgk Aol & Kolx] ¥k,
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E Ag g ASA e i ©E el Ex| 7ho] M
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(p < 0.05). PNS % %‘-4 A7 = FE(Wy)7t 295
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(W), PNS F1ke] A7) Sa(We)i A5 B?zﬁ 0.05). ANS planeoﬂxu GH A (S,) S ANB
A AlIF A ugduct e ks 1y difference Z}, facial convexity} 2zt 5-2] 24

Table 3. Comparison of measurements between male and female

Female'(n ‘
Variables -
: oy Mean = 5D
Volume We (mm’) 2,435.00 100111 2,341.93 63470  0.098
Wy (mm?) 12,735.17 378432 1155920 273270 0.252
Wr (mm’) 15,170.17 440325 1390113 314350 0252
Cross—sectional area S, (mm’) 181.49 76.18 22493 6734 0956
Sp (mm?) 24777 76.25 226.04 5038  0.3%6
Spp (mm?) 305.02 95.24 32234 %92 0918
Spa (mm’) 446,01 133.03 42218 15067 0476
Vertical skeletal Gonial angle (°) 126.50 505 125.02 576 0615
pattern AFH (mm) 117.13 476 11154 599 0.211
PFH (mm) 74.44 3.84 68.67 520 0.090
FMA 3048 384 31.34 326 0437
PFH/AFH 064 0.03 061 003 084
Anteroposterior Ba~-SE-FMN (9 13863 447 14067 540 0.379
skeletal pattern A to N perp (mm) -058 3.37 -1.34 175 0.032"
Pog to N perp (mm) -9.40 6.08 -10.31 450 0.29%
ANB () 420 1.97 469 2.00 0.712
Mandibular body length (mm) 65.02 452 65.69 5.08 0.846
Facial convexity (%) 892 434 9.04 466 0.986

AFH, Anterior facial height; FMN, frontomaxillary nasal suture; PFH, posterior facial height; WT, total volume of the
upper airway, FMA, frankfort mandibular plane angle; SD, standard deviation. “p < 0.05.

139



BAlS, Aoid, 230, A2, 0|7E, YIS CHx|wEX] 40H 3%, 20104

Table 4. Comparison of measurements between Class | and Class Il

an
Volume We (mm’) 2,605.31 91347 2,177.14 648,36 0.170
Wy (mm®) 1310885 308151 11,12821 317328 0.113
Wr (mm°) 1571415 375665 1330536 344063 0.094
Cross-sectional area S, (mm?) 229.04 7322 183.88 68.95 0.111
Sp (mm?) 255.16 67.76 21763 63.17 . 0149
Spp (mm?) 35297 9451 279.06 82.87 0.040°
Sea (mm?) 447.09 14301 419.48 133.18 0.620
Vertical skeletal Gonial angle (°) 125.99 594 125.39 5.06 0412
pattern AFH (mm) 116.33 474 111.89 6.5 0.054
PFH (mm) 7348 475 69.15 5.31 0.035"
FMA ) 29.89 422 31.9% 2.39 0.011"
PFH/AFH 063 0.04 0.62 0.02 0.108
Anteroposterior Ba-SE-FMN (°) 13872 474 140.73 526 0.307
skeletal pattern A to N perp (mm) -1.06 2.89 -095 2.34 0.402
Pog to N perp (mm) -7.04 497 -12.57 385 0.004"
ANB () 3.00 125 585 14 000"
Mandibular body length (mm) 6793 5.13 63.03 2.92 0.007"
Facial convexity (°) 5.47 325 1225 31 0.000"

AFH, Anterior facial height; FMN, frontomaxillary nasal suture; PFH, posterior facial height; WT, total volume of the
upper airway; FMA, frankfort mandibular plane angle; SD, standard deviation. "p < 0.05; T p < 001
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Table 5. Correlation coefficients between measurements among 19 subjects with Class Il malocclusion

Sa (mm®) 0.427" 0.425" 0.460°

S (mm’) 0535 " 0.415" 0.474" 0420"

See (mm®) 0.392" 0.471° 0.492" 0.174 0.468"

Spa (mm”) 0.368 0153 0211 -0.008 0.489" 06247

Gonial angle (°) 0138 -0.054 -0.076 -0.170 -0.263 -0.331 -0.319
AFH (mm) 0.490" 05547 0585" 0.242 0.244 0.274 0.268
PFH (mm) 0.380 0434 0.457° 0.064 0.243 0.329 0.318
FMA ) ~0.130 -0.052 -0.073 -0.053 -0.200 -0.414 -0.29%
PFH/AFH 0.061 0.100 0.100 0.152 0.110 0.200 0181
Ba-SE-FMN (°) 0.160 -0.056 -0.014 0.083 0.166 0.040 0.217
A to N perp (mm) -0.083 -0.151 -0.148 -0.189 0.009 0.084 0.183
Pog to N perp (mm) -0.067 0.015 -0.001 0.127 0.066 0235 0.157
ANB (9 -0.141 -0.367 -03487 0383 -0.125 -0.225 -0.004
Mandibular body length (mm)  0.338 0.340 0.367 06637 0.239 0.172 0.035
Facial convexity (°) -0.095 -0.273 02577 -0404 -0.103 -0.254 -0.052

AFH, Anterior facial height; FMN, frontomaxillary nasal suture; PFH, posterior facial height; WT, total volume of the
upper airway; FMA, frankfort mandibular plane angle; SD, standard deviation. “p < 0.05; T p < 001
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ORIGINAL ARTICLE

Three dimensional analysis of the upper airway and facial
morphology in children with Class II malocclusion using

cone-beam computed tomography

Ji-Suk Hong, DDS," Dae-Sung Kim, DDS, MSD,’ Kyung-Min Oh, DDS," Yoon-Ji Kim, DDS, MSD,*
Kyu-Hong Lee, DDS, MSD," Yang-Ho Park, DDS, MSD, PhD*

Objective: The aim of this study was to evaluate the volumes and areas of the upper airways in children with
Class 1l malocclusion, using three dimensional cone-beam computed tomography (CBCT) and to compare the
volumetric and cross-sectional measurements and cephalometric variables to investigate possible relationships
between the upper airway and facial morphology. Methods: CBCT scans were obtained from 37 subjects (17
boys and 20 girls; average age, 11.02 years). The upper airway volumes and areas were measured, and com-
pared with cephalometric variables. Results: The area of the PNS-posterior plane (Spe) was significantly smaller
in the Class Il malocclusion group (p < 0.05). Also, the volumetric and cross-sectional measurements were lower
in Class |l than in Class | malocclusion groups, although the differences were not significant between the two
groups {(p > 0.05). The Class Il malocclusion group showed significantly smaller values of PFH, mandibular body
length, pog to N perp and showed larger values of FMA, ANB, and facial convexity than the Class | malocclusion
group. The volume of the upper airway in front of PNS point (Wn) showed negative correlation with ANB (p <
0.05). Conclusions: The Class || malocclusion group had a narrower upper airway associated with a decreased

posterior facial height and a divergent growth pattern than the Class | malocclusion group. (Korean J Orthod
2010;40(3):134-144)

Key words: Upper airway, CBCT, Class Il malocclusion, Facial morphology
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