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Objectives  The purpose of this study is to find the cephalometric variables which are significantly correlated with the apnea-hypop-
nea index (AHI) in suspected Korean obstructive sleep apnea (OSA) patients.

Methods We examined lateral cephalogram and attended-full night laboratory polysomnography of the 40 participants who com-
plained of OSA symptoms. The correlation analysis was conducted to find the cephalometric variables which are significantly correlated
with the AHI.

Results  The correlation analysis showed that the higher AHI was associated with the longer distance between hyoid and mandibular
plane (p = 0.023), the longer distance between C3 and hyoid (p = 0.014), the longer tongue length (p = 0.003), the larger inferior tongue
area (p = 0.008), the larger anterior displacement of the hyoid bone (p = 0.024), the longer distance between posterior nasal spine and
the tip of the soft palate (p = 0.021), and the larger cross-sectional area of soft palate (p = 0.001) of cephalogram in erect position. The high-
er AHI was correlated with the longer distance between hyoid and mandibular plane (p = 0.008), the longer tongue length (p = 0.037), the
larger inferior tongue area (p = 0.013), the thicker uvula (p = 0.004), the longer distance between retrognathion and hyoid (p = 0.025),
and larger cross-sectional area of soft palate (p = 0.001) of cephalogram in supine position.

Conclusions  The present preliminary results showed the candidate measurements of cephalogram which are significantly corre-
lated with the AHI in suspected OSA.
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Table 1. Definitions of cephalometric landmarks and reference lines

Landmarks "
and reference lines Definifions
ANS Anterior nasal spine : most anterior point of the nasal spine
PNS Posterior nasal spine ; most posterior point of the nasal spine
Or Orbitale ; deepest point on the infra-orbital margin
Po Porion ; upper point on the bony ear opening
B Deepest anterior point in the concavity of the anterior mandible
Go Gonion ; a mid-plane point at the gonial angle located by bisecting the posterior and
inferior borders of the mandible
Gn Gnathion : most inferior point of the mandible in the midline
Me Menton : most inferior point of the bone chin
G Most posterior point on the symphysis of the mandible
P Lowest point of the soft palate
C3 Most anterior and inferior point of the 3rd cervical vertebral body
C4 Most anterior and inferior point of the 4th cervical vertebral body
H Most antero-superior point of the hyoid
Most antero-inferior point of the epiglottic fold
T Most anterior point of the tip of the tongue
JA Crossing point of the MP and a line connecting G and H
FH Frankfort horizontal line : a line through Or and Po
NL Nasal line : aline through ANS and PNS
MP Mandibular plane ; a plane constructed from Me through Go
VL A line across C3 and C4
Hor True horizontal line
OPT Odontoid process tangent . a line across the most superior and posterior point and
the most inferior and posterior point of the axis
CVT Cervical vertebra tangent : a line across the most superior and posterior point of the axis and
the most inferior and posterior point of the 4th cervical vertebra
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Table 2. Definitions of craniofacial and soft tissue parameters

Craniofacial and

soft tissue parameters Definitions

MN angle Angle between FH and MP (°)

SPW Soft palatal width ; widest width along perpendicular line to PNS-P line (mm)

MP-hyoid Linear distance along the perpendicular plane from H to MP (mm)

C3-hyoid Distance between C3 and H (mm)

TL Tongue length : distance between V and TT (mm)

G-VL Linear distance along a perpendicular plane from G to VL (mm)

Ton Cross-sectional overall fongue area ; area of the tongue measured at its superior limits and
the lines connecting TT, G, H, and V (mm?)

Ton2 Cross-sectional inferior tongue area : part of the tongue outside the oral cavity, measured
at its posterior limits and the lines connecting Go, Z, H, and V (mm?)

H-VL Linear distance along a perpendicular plane from H to VL (mm)

FH/OPT Angle between FH and OPT (°)

NL/OPT Angle between NL and OPT (°)

OPT/Hor Angle between OPT and Hor (°)

CVT/Hor Angle between CVT and Hor (°)

PAS Posterior airway space ; linear measurement between base of tongue and posterior
pharyngeal wall along the line B-Go (mm)

UTH Thickness of the uvula (mm)

PNS-P Distance between PNS and P (mm)

Go-Gn Distance between Go and Gn (mm)

RGN to Hyo Distance between retrognathion and H (mm)

CS of SP Cross-sectional area of soft palate (mm?

CS of OrP Cross-sectional area of oropharynx (mm?)

Table 3. Demographic and polysomnographic results of the sub-
jects

Variables Means + SD
Age (yn) 440 £ 11.3
Male/female (%) 35/5(87.5/12.5)
BMI (cm/kg?) 258 + 3.0
Sleep and wake time
Total sleep time (min) 339.0 + 57.0
Sleep efficiency (%) 812 + 13.5
WASO (min) 67.2 £ 54.2
x Sleep architecture (%)
Stage N 1 30.3 £ 18.0
Stage N 2 49.0 + 16.0
Stage N 3 3.8 £ 6.0
Stage R 16.6 £ 6.4
Respiration during sleep
AHI (N/h) 24.1 + 23.8
Respiratory arousal (N/h) 23.0 + 27.5
Lowest O2 saturation (%) 80.9 + 9.6

BMI : body mass index, WASO : wake after sleep onset, N : non-
REM sleep, R : REM sleep (REM : rapid eye movement), AHI : ap-
nea-hypopnea index, SD : standard deviation

Fig. 1. Cephalometric landmarks and reference lines on lateral ceph-
alometric radiograph.
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Table 4. Cephalometry results of the subjects

Variables Means * 5D
Erect Supine

MN angle 24.03 = 7.53 23.92 + 7.09
SPW 15.21 £ 4.15 15.00 = 3.33
MP-hyoid 18.16 £ 6.90 18.22 £ 8.42
C3-hyoid 50.32 £ 6.00 53.89 + 8.28
TL 99.01 = 8.08 97.97 + 8.94
G-VL 92.06 + 12.33 92.01 £ 12.76
Ton 4786.80 = 812.32 5055.00 + 1084.12
Ton2 747.35 = 303.89 798.40 = 367.60
H-VL 48.30 + 5.80 50.46 = 7.12
FH/OPT 99.90 £ 8.85 97.93 = 8.01
NL/OPT 105.66 + 7.58 103.26 + 7.58
OPT/Hor 79.31 £ 7.99 82.79 + 8.60
CVT/Hor 73.48 = 7.68 81.05 + 7.98
PAS 88.84 + 8.21 90.58 + 7.97
UTH 12.27 £ 3.44 12.37 £ 2.72
PNS-P 44,04 = 8.77 45.79 + 8.33
Go-Gn 85.76 + 10.47 88.49 + 9.78
RGN to Hyo 46.89 + 6.26 45.46 + 7.33
CS of SP 552.99 + 171.71 621.85 + 195.46
CS of OrP 853.45 + 344.85 789.81 + 373.91

Table 5. Correlation analysis between AHI and cephalometric
variables

Variables Erect Supine

r p value r p value
MN angle 0.021 0.899 —-0.072 0.661
SPW 0.149 0.360 0.267 0.096
MP-hyoid 0.359 0.023* 0.412 0.008*
C3-hyoid 0.387 0.014* 0.285 0.074
TL 0.462 0.003* 0.331 0.037*
G-VL 0.176 0.278 0.134 0.410
Ton 0.243 0.131 0.190 0.241
Ton2 0.414 0.008* 0.390 0.013*
H-VL 0.356 0.024* 0.239 0.138
FH/OPT 0.299 0.061 0.246 0.126
NL/OPT 0.230 0.152 0.293 0.067
OPT/Hor —0.262 0.103 -0.219 0.174
CVT/Hor —0.030 0.853 —0.224 0.165
PAS 0.157 0.333 0.017 0.918
UTH 0.290 0.069 0.449 0.004*
PNS-P 0.364 0.021* 0.309 0.052
Go-Gn —0.032 0.845 —0.061 0.706
RGN to Hyo 0.301 0.059 0.355 0.025*
CS of SP 0.512 0.001* 0.508 0.001*
CS of OrP 0.069 0.673 —0.050 0.759

% 1 significant variables. r : correlation coefficient, AHI : apnea
hypopnea index
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