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MEAN VALUES OF CEPHALOMETRIC ANALYSIS FROM KOREAN ADULTS
WITH ABNORMAL OCCLUSION IN RELATION TO THE DIAGNOSIS
OF OBSTRUCTIVE SLEEP APNEA SYNDROME

Kwang-Ho Park, Jong-Ki Huh, Je-Young Ahn, Ji-Yong Kim, Jae-Hyung Lim
Department of Oral and Maxillofacial Surgery, College of Dentistry, Yonsei University,
Yongdong Severance Hospital

Obstructive sleep apnea syndrome (OSAS) is characterized by sleep-induced obstruction of the upper air-
way that results in cessation of airflow. Obstruction can occur at a number of points in the airway, but fre-
quently in the oropharynx.

A diagnostic evaluation includes cephalometry, computed tomography, magnetic resonance imaging,
acoustic reflection technique, polysomnography and fibroptic endoscopy. Cephalometric measurements of
the patients with obstructive sleep apnea have revealed that posterior airway anatomy has strong relations
with the symptoms of them. A lateral cephalogram is routinely obtained in the radiologic evaluation of
sleep apnea patients.

The purpose of this study is to provide a the lateral cephalometric korean norms for the diagnosis and
treatment of the patients with obstructive sleep apnea by analyzing the abnormal occlusion of Korean

adults.
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Fig. 1. Cephalometric tracing for Class I
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Fig. 3. Position of the hyoid
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Fig. 2. Skeletal parameters
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Fig. 4. Dimension of the tongue & the soft palate
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Table 1. Cephalometric Landmarks
Cephalometric landmarks

S Sella Midpoint of fossa hypophysealis

N Nasion Anterior point at frontonasal suture

O Orbitale Most inferior point of the orbit

ANS Spina nasalis ant. Most anterior point of anterior nasal spine

PNS Spina nasalis post. Most posterior point of hard palate

A A-point Deepest anterior point in concavity of anterior maxilla

B B-point Deepest anterior point in concavity of anterior mandible

Pg Pogonion Most anterior point of bony chin

Pm Pm-point Halfway B-Point—Pogonion

Gn Gonion Most antero-inferior point of bony chin

Me Menton Most inferior point of bony chin

Go Gonion A mid-plane point at the gonial angle located by bisecting
the posterior and inferior borders of the mandible

Ar Articulare A mid-plane point at the intersection of posterior ramus
with inferior cranial base

C Condylion Most postero—superior point of mandibular condyle

Pt Pterygon Inferior border of foramen rotundum bisecting posterior
border of pterygomaxillary fissure

Xi Xi-Point Constructed point in the center of the ramus

CF Pterygoid-Vertical bisecting Frankfurt horizontal

DC Middle of condyle on plane Ba-N

Ba Basion Most inferior point on anterior foramen magnum

Po Porion Most superior point of bony external auditory meatus

PhW1 Ba-PNS bisecting posterior pharyngeal wall

PhW2 ANS-PNS bisecting posterior pharyngeal wall

PhW3 Occlusal polane bisecting posterior pharyngeal wall

PhW4 Mandibular plane bisecting posterior pharyngeal wall

PhW5h Me-H bisecting posterior pharyngeal wall

PhWUT Shortest distance point of posterior pharyngeal wall from UT

PhWV Shortest distance point of posterior pharyngeal wall from V

PhWH Shortest distance point of posterior pharyngeal wall from H

H Hyoid Most antero-superior point of hyoid

\Y Vallecula Most antero-inferior point of epiglottic fold

T1 Tongue base ML-hisecting posterior margin of the tongue base

T2 Back of tongue Most superior point of the back of the tongue to V-TT

TT Tongue tip Most anterior point of the tip of the tongue

Ul Most superior point of soft palate distal to PNS

U2 Posterior margin of soft palate at its greatest thickness

U3 Occlusal plane bisecting posterior margin of soft palate

uT Uvula tip Tip of uvula or soft palate

U4 Anterior margin of soft palate at its greatest thickness

Ub Most antero-superior margin of the soft palate

AA anterior Atlas Most anterior point of bony atlas
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Table 2. Cephalometric Distance

Cephalometric distances (mm).

S-Go
N-Gn
A/N-Pog
PAS (ML)
PAS (Occl.)
PAS (NL)
PAS (UT)
AA-PNS
Ba-PNS
Ba-PhW1
PhW1-PNS (PAS)
Go-PNS
Ba-A
PNS-UT
U2-U4
V-Me
V-ANS
V-S
T1-ANS
T1-B
T1-PNS
T1-TT
V-PhW (PAS)
V-TT
T2/V-TT
H-ML
H-Me

H-B
H-PhW (Me-H)
H-PhW
AA-H

H-S

Posterior facial height

Anterior facial height

Convexity

Distance posterior pharyngeal wall-tongue base on ML
Distance posterior pharyngeal wall-tongue base on occlusal plane
Distance posterior pharyngeal wall-tongue base on NL
Distance posterior pharyngeal wall-uvula tip
Distance ant. atlas-post. nasal spine

Distance basion-post. nasal spine

Distance basion—posterior pharyneal wall on Ba-PNS
Distance posterior pharyngeal wall-PNS on Ba-PNS
Posterior lower facial height

Distance basion-point A

Length of the soft palate (uvula-length)

Thickness of the soft palate (uvula-thickness)
Distance vallecula-menton

Distance vallecula-ant. nasal spine

Distance vallecula-sella

Distance tongue base-ant. nasal spine

Distance tongue base—point B

Distance tongue base-post. nasal spine

Distance tongue base-tongue tip

Shortest distance V-posterior pharyngeal wall

Axis of the tongue tip

Tongue height

Shortest distance hyoid to mandibular plane
Distance hyoid-menton

Distance hyoid-point B

Disstance hyoid-posterior pharyngeal wall on Me-H
Shortest distance hyoid to posterior pharyngeal wall
Distance hyoid-ant. atlas

Distance hyoid-Sella

Table 3. Cephalometric Reference-lines

Table 4. Cephalometric Angles

Cephalometric reference-lines

Cephalometric angles (© ).
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P T SNA Angle between S-N and N-A

NSL Nasion .sella line NL-NSL Angle between NSL and NL

NL Nasal.—hne (AN S-PNS) N-S-Ba Angle between N-S and S-Ba

ML Mandibular-line (Me-Go) ML-NSL Angle between NSL and ML

FH Frankfurt horizontal line (O-Po) SNB Angle between S-N and N-B
ML-NL Angle between NL and ML
Saddle-Angle Angle between S-N and S-Ar
Articular Angle Angle between S-Ar and Ar-Go
Gonion Angle Angle between Ar-Go and Go-Me
Sum Angle Sum of saddle-, articular-, gonion angle
Lower Gonion Angle Angle between N-Go and Go-Me
Facial Axis Angle between Pt-Gn and Ba-N
Facial Depth Angle between FH and N-Pog

Mandibular Plane Angle
LFH-Angle

Angle between FH and ML
Angle between ANS-Xi and Xi-Pm

Mandibular Arc Angle  Angle between DC-Xi and Xi-Pm
Maxillary Depth Angle between FH and N-A
zMaxillary Height Angle between N-CF and CF-A
Palatal Plane Angle between FH and NL
Ramus Position Angle between FH and CF-Xi
Uvula-Angulation Angle between NL and PNS-UT
V-TT/ML Angle between V-TT and ML
V-TT/FH Angle between V-TT and FH
N-S-H Angle between N-S and S-H
NSL/Ar-H Angle between NSL and Ar-H
ML/H Angle between Go-Me-H
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Table 5. Analysis of Pharyngeal Dimensions (Male)
Male CI 1 Male CL1I Male C11I Multiple
Measurements (N = 52) (N = 29) (N = 29) p-value comparision
Mean (SD) Mean (SD) Mean (SD) I 1 In I
SGO 93.27 + 5.07 90.18 + 7.99 91.25 +6.28 0.0878
NGN 131.35 +5.26 134.26 + 6.48 137.93 + 7.41 0.0001 *
PAS (ML) 13.47 + 3.11 13.60 + 3.72 16.12 + 5.32 0.0116 *
PAS (OL) 19.08 +2.78 20.70 + 3.17 20.55 +4.85 0.0750
PAS (NL) 28.79 + 254 29.51 + 4.46 28.00 +4.38 0.2910
PAS (UT) 11.60 +2.25 11.91 + 3.45 15.72 + 4.63 0.0001 * *
AA-PNS 36.16 +3.14 37.68 +4.52 34.99 + 354 0.0215 *
Ba-PNS 50.29 + 3.26 50.10 + 4.89 50.04 + 3.56 0.9648
Ba-PhW1 22.01 +2.93 21.22 + 3.37 22.70 + 3.28 0.2028
PhW1-PNS (PAS) 28.25 + 243 28.88 + 4.01 27.35 + 4.63 0.2571
Go-PNS 56.10 + 3.92 56.02 + 6.02 50.40 + 3.84 0.0001 * *
Ba-A 100.02 + 5.03 101.76 + 7.20 99.63 +5.01 0.3025
PNS-UT 37.02 + 3.10 38.67 + 3.88 32.17 +4.28 0.0001 * *
U2-U4 11.18 +1.31 9.87 + 1.70 9.80 + 1.66 0.0001 * *
V-Me 60.44 +5.34 56.54 + 7.58 65.86 + 8.56 0.0001 * *
V-ANS 98.43 +4.64 105.22 + 5.46 98.26 + 5.66 0.0001 * *
V-3 114.74 + 5.66 117.45 + 7.86 117.70 +7.36 0.0909
T1-ANS 90.77 + 4.58 93.06 + 5.83 86.02 +5.70 0.0001 * *
T1-B 69.90 +3.94 68.06 +6.72 75.39 + 5.56 0.0001 * *
T1-PNS 53.89 + 3.41 53.55 +4.78 49.39 +3.14 0.0001 * *
T1-TT 74.51 + 4.45 76.03 + 5.39 70.85 +6.33 0.0008 * *
V-PhW (PAS) 18.66 +3.93 18.91 + 454 19.59 +4.95 0.6562
V-TT 77.90 + 4.66 83.23 + 5.04 76.80 +6.54 0.0001 * *
T2/V-TT 37.77 + 3.04 38.46 + 3.52 36.11 +4.30 0.0349 *
H-ML 10.20 +4.71 13.55 + 5.40 10.71 +6.22 0.0239 *
H-Me 43.52 + 4.62 40.22 + 7.26 47.55 + 7.52 0.0001 * *
H-B 51.84 +4.75 52.62 + 6.64 55.53 + 7.68 0.0356 *
H-PhW(MeH) 36.00 +3.74 35.67 + 3.32 39.55 + 5.22 0.0003 * *
H-PhW (PAS) 35.00 + 3.01 35.47 + 3.55 38.23 + 4.46 0.0015 * *
AA-H 69.68 + 5.65 69.03 + 7.39 75.32 + 8.46 0.0007 * *
H-S 118.24 + 5.68 118.81 + 8.06 120.30 + 8.07 0.4509
SNA 83.12 + 3.20 82.49 +4.10 81.86 + 3.91 0.3228
NLNSL 8.80 + 3.29 9.32 +4.21 9.33 + 3.43 0.7418
NSBA 130.51 +3.95 130.82 +6.19 131.83 + 4.57 0.4894
MLNSL 30.99 + 3.96 34.50 + 8.51 34.98 +6.05 0.0058 * *
SNB 80.51 + 3.01 76.31 + 4.41 84.80 +5.23 0.0001 * * *
MLNL 22.19 + 3.47 25.18 + 7.09 25.65 +5.35 0.0056 * *
SADDLEA 124.58 +4.12 125.00 + 5.80 123.84 +4.77 0.6419
ARTICA 148.78 + 5.00 152.09 + 8.07 143.59 + 7.09 0.0001 * *
GONIONA 117.63 +4.72 117.41 + 7.81 127.55 + 6.99 0.0001 * *
SUMA 390.99 + 3.96 394.50 + 8.51 394.98 +6.05 0.0058 * *
LOWGNA 73.67 + 3.08 74.28 + 6.33 79.90 +4.99 0.0001 * *
FACIALAX 94.36 + 3.36 92.01 + 11.17 90.43 + 3.90 0.0288 *
FACIALD 89.19 + 2.32 84.08 + 3.89 91.76 + 3.91 0.0001 * * *
MNPLA 23.15 + 3.35 27.38 + 8.17 28.72 + 5.05 0.0001 * *
LFHA 46.44 + 3.12 51.18 + 7.05 48.55 +4.18 0.0002 *
MNARCA 142.777 +4.27 150.61 + 8.95 147.26 + 5.37 0.0001 * *
MXD 90.96 + 2.37 89.61 + 3.48 88.12 +3.24 0.0003 *
MXH 66.59 + 3.46 66.13 + 3.73 66.49 + 3.12 0.8417
PALATALP 2.56 +1.54 3.32 + 2.16 3.45 + 2.39 0.0891
RAMUSPO 71.82 + 3.05 73.36 + 3.59 76.75 +4.10 0.0001 * *
UVULAA 127.81 +4.19 130.25 + 6.47 121.13 + 10.07 0.0001 * *
VTTML 51.70 +5.10 55.28 + 8.72 56.86 + 7.62 0.0038 *
VTTFH 28.55 +4.22 27.90 + 6.15 28.14 +6.21 0.8603
NSH 89.10 + 3.63 92.42 + 4.85 86.71 +4.26 0.0001 * * *
NSLARH 74.00 +4.08 78.39 + 5.72 72.72 +4.63 0.0001 * *
MLH 13.69 +6.71 21.00 + 9.90 13.38 + 8.29 0.0002 * *
*: Comparisons significant at the 0.05 level (unit : mm)

S.D. = standard deviation
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Table 6. Analysis of Pharyngeal Dimension (Female)

Male CI 1 Male C11 Male CI11I Multiple
Measurements (N = 50) (N = 24) (N = 30) p-value comparision
Mean (SD) Mean (SD) Mean (SD) [ 1 In I
SGO 84.66 + 5.09 83.13 + 7.32 80.43 +4.87 0.0065 *
NGN 124.23 + 5.62 128.09 + 6.18 129.02 +594 0.0010 * *
PAS (ML) 11.55 +2.95 11.22 + 2.32 14.01 +4.43 0.0024 * *
PAS (OL) 18.47 +3.25 19.96 + 3.47 17.81 +2.32 0.0376 *
PAS (NL) 27.54 + 251 28.35 + 3.51 27.17 + 3.65 0.3761
PAS (UT) 11.05 + 3.22 11.00 + 2.25 11.89 + 2.62 0.3831
AA-PNS 33.90 +2.74 35.53 + 3.35 32.54 + 3.58 0.0033 *
Ba-PNS 46.36 +2.71 47.65 + 2.03 47.25 + 3.84 0.1684
Ba-PhW1 19.46 + 2.10 20.29 + 2.26 20.94 +2.79 0.0245 *
PhW1-PNS (PAS) 26.91 + 2.40 27.36 + 3.44 26.32 + 3.97 0.4754
Go-PNS 51.53 +4.26 52.23 + 5.56 4427 + 5.38 0.0001 * *
Ba-A 94.77 +4.24 97.49 + 3.08 94.68 +4.08 0.0138 * *
PNS-UT 34.35 + 3.44 35.63 + 4.55 31.78 + 3.12 0.0005 * *
U2-U4 9.18 +1.33 9.18 + 0.99 9.27 +1.26 0.9458
V-Me 57.42 + 521 57.03 + 5.50 61.41 + 5.00 0.0018 * *
V-ANS 91.51 +4.00 97.52 + 5.76 90.34 + 5.06 0.0001 * *
V-3 103.18 + 5.53 103.23 + 6.39 104.17 + 5.86 0.7431
T1-ANS 85.28 +4.22 89.34 + 4.64 80.47 +4.95 0.0001 * * *
T1-B 66.60 +4.16 67.49 + 3.80 70.85 +3.35 0.0001 * *
T1-PNS 49.36 + 3.73 50.25 + 5.17 43.71 +4.87 0.0001 * *
T1-TT 69.93 +4.33 74.75 + 4.44 67.27 +4.45 0.0001 * * *
V-PhW (PAS) 15.25 + 254 15.18 + 2.69 16.05 + 3.17 0.3892
V-TT 72.11 +4.38 78.78 + 5.09 71.11 +4.83 0.0001 * *
T2/V-TT 35.73 + 2.72 35.07 + 2.70 33.84 + 3.65 0.0283 *
H-ML 7.72 + 3.89 9.42 +5.14 8.61 +4.73 0.2937
H-Me 43.01 +5.03 42.24 + 3.68 47.75 +4.15 0.0001 * *
H-B 49.82 + 4.52 51.49 + 3.51 54.06 + 3.48 0.0001 *
H-PhW (Me-H) 30.30 + 3.01 30.31 + 3.16 32.28 + 3.56 0.0211 *
H-PhW(PAS) 29.76 +2.95 29.85 + 3.13 30.58 + 3.40 0.5067
AA-H 60.87 + 5.38 59.46 +5.24 63.62 +6.27 0.0217 *
H-S 105.55 + 5.58 104.37 + 5.70 104.89 + 7.02 0.7215
SNA 81.09 + 2.66 80.24 + 2.95 80.94 + 3.70 0.5251
NLNSL 10.62 + 3.01 11.29 + 3.69 9.88 + 271 0.2528
NSBA 132.35 + 4.87 134.53 + 5.80 133.96 + 4.76 0.1640
MLNSL 33.80 + 4.40 36.56 + 6.78 38.85 +6.04 0.0005 *
SNB 78.02 + 2.67 74.23 + 3.55 82.98 +4.04 0.0001 * * *
MLNL 23.17 +3.95 25.26 + 6.41 28.96 +6.64 0.0001 * *
SADDLEA 126.11 +5.10 127.69 + 5.60 124.72 + 5.51 0.1261
ARTICA 150.30 +6.15 151.77 + 6.06 144.73 +6.11 0.0001 * *
GONIONA 117.39 +6.16 117.09 +6.04 129.40 + 7.10 0.0001 * *
SUMA 393.80 + 4.40 396.56 + 6.78 398.85 +6.04 0.0005 *
LOWGNA 73.75 +4.10 74.10 + 4.82 80.97 + 545 0.0001 * *
FACIALAX 90.07 +4.34 84.67 + 9.23 91.05 + 3.98 0.0002 * *
FACIALD 87.64 + 2.45 84.05 + 3.03 91.50 +3.24 0.0001 * * *
MNPLA 24.94 +4.74 27.16 + 6.18 30.56 +6.19 0.0001 *
LFHA 46.82 + 3.09 50.76 + 5.99 48.33 + 3.82 0.0010 *
MNARCA 141.07 + 4.47 148.97 + 6.82 146.60 + 5.77 0.0001 * *
MXD 89.94 + 242 89.63 + 247 89.23 + 3.45 0.5391
MXH 67.03 + 2.87 66.77 + 3.07 67.12 +3.35 0.9105
PALATALP 2.98 + 1.81 2.47 + 2.05 3.00 + 2.06 0.5254
RAMUSPO 70.41 +2.73 72.67 +4.17 75.64 +3.21 0.0001 * * *
UVULAA 127.75 +5.04 132.75 + 5.80 125.82 + 6.42 0.0001 * *
VTTML 49.01 + 5.55 48.83 + 7.64 54.57 +6.29 0.0004 * *
VTTFH 24.06 + 3.99 21.67 + 5.07 24.01 + 3.93 0.0606
NSH 91.80 + 3.66 95.71 + 5.52 89.01 + 4.08 0.0001 * * *
NSLARH 76.57 +4.31 81.38 + 6.53 75.30 +5.03 0.0001 * *
MLH 10.60 + 5.77 13.17 + 7.84 10.54 + 6.06 0.2209
*: Comparisons significant at the 0.05 level (unit : mm)

S.D. = standard deviation
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Fig. 5. Pharyngeal dimension (Male) Fig. 6. Pharyngeal dimension (Female)
olgA Ao AFE+= ANOVA(Scheffe s test)E4-& AEE @A A$ 15(10.20mm)el vl &) 23 (13.55
&l A Aesisiet, mm)°lA o5 ‘6} goll A ou, Axbe S| &
E=7b oA 2 FoHQ Aol & HFE %iOiOU% 3
. o7 Zut e HU ZFOA 1gddAe] g3t 2 Aol & HolA] &
ke Az AW A E veRll= N-S-H, NSL/Ar-
ZREVFA PRURAN 247284 QIR H ML/HE 22, 13, 339 ¢o gadgien N-
FAFEEA B A2 AT E A ASFE dist S-H 9 45 Al /“‘% el M BF fro] A Ql 2ol & Vet
o Y] FiA ¢ ZFHAE FoFATHTable 5, 6). WAt
SATEEA 5 FA SNAE ZMW iR
(1%), =44 A2% F4udA2w), =474 35 74 V. s24 0z
WAAH3F)7F 242t 83.12, 82.49, 81. 86 oAzte] A=
77} 81.09, 80.24, 80.942 zfo|7} A< gl ew, o|& A FEF RS AU 92 T 3719 29§l
= ARTEAAN Aot AdEEs Bolva & ¢ °‘E}. T bEolY B 5T e AR, FH T A
Fetel #A8%E Yee ot e 3y EF A 71529 Hfoll 71918 1184 FagS SHOR o= Bt
Azt fod Sl #pol & HolA] &kt SNBe 1 g Aot A FH FEESTE IV e &
=, 29, 37°] ¥4 247 80.51, 76.31, 84.80%} 78.02, o F719] F0] gl Wt oy} sigoly B 55
74.23, 82.98% A 7t BF fofA e Alo]E B +EE jle AR F3 AAA T 2557y A
2 (p=0.0001, 0.0001), L &l = steta} AHE o] et o XN sHLY TEA AARE ) We FiF
A 159 disf 2, 35 tiF-2o] zke]& Yella, & ojtt, £98 FH F3FSsS HAEH T 7Y T
8l 3golA 2 F =7} oS Wit vkt T30l 7 dehvde Aolty. Hid FHFEEse
AF7=FHEA 5 Folld PAS(ML) & H4Y 27l T Foll dojuhes FAE FE, IFFH, FHEAE, ©
A1+, 24, 379 S (mm)ol 27t 13.47, 13.60, T2 ofwT, U3 T2 E 7 U FH T TGl
16.12(p=0.0116)9F 11.55, 11.22, 14.01 & #+94 2 Qe Fxw wlw Ad 3" T AEHA] V5%
= AolE Bt (p=0.0024). PAS(UT)= @&k 4+ o5 2ef & o k. 94 A Yehde od @ SAERE ¢
152 359041 11.60, 15.722 Aol & Bl o date] 1, 8 TSt TS FskAl ket A, ofdl 713 Al FE, W
2873telu AAzte] Agoll= HV;?& S22 skl Y A4a, 7198 2E, 2% Tl Ve gy
T A Y 7=k FHghe] Apol7} FEEzlon, Fujitas 3 AAE FAF—77HATH), 79531
53] 1, 37 A 994 = Aol 7t Addint (Fig. 5, 6). T, SRIF(AZIAR) 2 ERetaTH?. HAA FH FI5E
g9 A EA FEoA = H-ML Z% gto] AlAlsHxo] ol AT g5z AAE A7t 18%, 714N
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