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gram (CyberMed, Seoul, Korea)ol] 183} t} (Fig 1).
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Fig 1. Cephalometric landmarks. S (Sella), midpoint of
the fossa hypophysealis; N (Nasion), anterior point at the
frontonasal suture, Ba (Basion), most postero-inferior
point on clivus; ANS (Anterior nasal spine), most anterior
point of the nasal spine; PNS (Posterior nasal spine),
most posterior point of the nasal spine; A, deepest ante-
rior point in the concavity of the anterior maxilla; B, deep-
est anterior point in the concavity of the anterior man-
dible; Cd (Condylion), most postero-superior point of the
condylar head; Gn (Gnathion), most antero-inferior point
of the chin bone; Go (Gonion), a mid-point at the gonial
angle located by bisecting the posterior and inferior bor-
ders of the mandible; Me (Menton), most inferior point of
the chin bone; P, most inferior tip of soft palate; H, most
antero-superior point of the hyoid bone; V, most ante-
ro-inferior point of the epiglottic fold; TT, most anterior
point of the tip of the tongue; C3, most antero-inferior
point of the third cervial vertebrae; MP (Mandibular
plane), a tangent line constructed from Me to mandibular
inferior border.
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Table 1. Cephalometric measurements

Variable Definition
SNA Angle from Sella (S) to Nasion (N) to A point (°)
SNB Angle from Sella (S) to Nasion (N) to B point (°)
ANB Angle from A point to Nasion (N) to B point (°)

N-S-Ba Angle from Nasion (N) to Sella (S) to Basion (Ba) (°)
N-ANS (upper ant. facial height) Distance from Nasion (N) to Anterior Nasal Spine (ANS) (mm)
ANS-Gn (lower ant. facial height) Distance from Anterior Nasal Spine (ANS) to Gnathion (Gn) (mm)
S-Go (post. facial height) Distance from Sella (S) to Gonion (Go) (mm)
Cd-Gn (mandibular length) Distance from Condylion (Cd) to Gnathion (Gn) (mm)
Mn plane angle Angle between Frankfurt horizontal plane and mandibular plane (°)
. Angle between mandibular plane and a tangent line to mandibular posterior
Gonial angle
border
Distance from Posterior Nasal Spine (PNS) to tip of the soft palate (P) (mm)
Angle from Anterior Nasal Spine (ANS) to Posterior Nasal Spine (PNS) to tip
of soft palate (P) (°)

Widest width along perpendicular line to Posterior Nasal Spine (PNS)-tip of soft

PNS-P (soft palate length)
ANS-PNS-P angle

SPW (soft palatal width)
palate (P) line (mm)

Nphl Distance from posterior wall of soft palate to posterior pharyngeal wall at the

level of Posterior Nasal Spine (PNS) along a line parallel to Anterior Nasal

Spine (ANS)-Posterior Nasal Spine (PNS) (mm)

Nph2 Distance from posterior wall of soft palate to posterior pharyngeal wall at the

(nasopharyngeal airway width 1)

widest level of soft palate along a line parallel to Anterior Nasal Spine
(ANS)-Posterior Nasal Spine (PNS) (mm)
Ophl Distance from posterior wall of tongue base to posterior pharyngeal wall at tip

(nasopharyngeal airway width 2)

of soft palate along a line parellel to Anterior Nasal Spine (ANS)-Posterior
Nasal Spine (PNS) (mm)
Oph2 Distance from tongue base to posterior pharyngeal wall along mandibular

(oropharyngeal airway width 1)

(oropharyngeal airway width 2) plane (mm)

PAS (posterior airway space)
MP-Hyoid
C3-Hyoid

TL (Tongue length)
TH (Tongue thickness)

Linear measurement between the base of tongue and posterior pharyngeal wall
along the line B point (B)-Gonion (Go) (mm)

Linear distance along the perpendicular plane from Hyoid (H) to mandibular
plane (mm)

Distance from C3 to Hyoid (H) (mm)

Distance from V to TT (mm)

Linear distance along the perpendicular bisector of the V-TT line to the tongue

dorsum (mm)

patients) Alolol] BAH R Fofdt AH
SEAFAHDE G Iol#(3.11 +

AL, FHF *
3.25, 4.55 + 3.36)°]L} B¥|WF AR S E(21.18 +
T3 37H(0SA 7.56)2] Aol vla| v|Rt FHESETH(43.09 +

205



g, gl HY(Y, A3, =88, MY, AUEE, 4T, UWEY CHA| MK 382 3%, 20084

Table 2. Characteristics of subjects

Simple snorers OSA patients
Non-obese Obese Non-obese Obese p value
(n = 23) (n = 20) (n =12 (n = 32)
Age (years) 41.30 + 15.2 40.80 + 9.27 4317 + 991 4369 + 956 0.782
AHI (events/hr) 311 + 325° 455 + 3.36 21.18 + 756" 4309 + 21.72° 0.000

ab,c

All data are presented as mean=SD; AHI, apnea-hypopnea index; the same letters indicate non-significant

difference between groups based on Scheffe’s multiple comparison test.

Table 3. Cephalometric measurements in simple snorers and OSA (obstructive sleep apnea syndrom) patients ac-
cording to obesity

Simple snorers OSA patients
Parameters Non-obese Obese Non-obese Obese p value
(n = 23) (n = 20) (n = 12) (n = 32)
Bony structures
SNA () 8222 + 403 81.80 + 261 8250 + 359 83.33 + 3.00 0.392
SNB () 7678 + 125 779 + 312 7733 + 341 7970 + 3.29 0.124
ANB (°) 409 + 2.27 385 + 2.09 517 + 2.29 363 + 2.03 0.206
N-S-Ba (°) 128.07 + 394 13118 + 468 129.04 + 483 12823 + 4.27 0.079
N-ANS (mm) 6263 + 2.56 61.73 + 3.76 6242 + 377 61.70 + 346 0.719
ANS-Gn (mm) 7861 + 467 79.10 + 4.97 8342 + 565 7947 + 541 0.063
S-Go (mm) 94.20 + 7.37 9385 + 6.60 9267 + 742 97.17 + 545 0.119
Cd-Gn (mm) 12846 + 761 131.07 + 579 12971 + 366 13048 + 6.74 0561
Mn plane angle (°) 2728 + 817" 2493 + 691*" 2054 + 465 2367 + 468 0028
Gonial angle () 12037 + 855 11928 + 953 12346 + 7.49 117.84 + 6.78 0.218
Soft tissues
PNS-P (mm) 4535 + 420 4863 + 448 46.08 + 3.90 4700 + 423 0.086
ANS-PNS-P (%) 12583 + 563 12857 + 6.38 12567 = 628 12616 + 4.79 0.336
SPW (mm) 1204 + 200 1191 + 167° 1308 + 1.66™ 1338 + 1.99° 0017
Nphl (mm) 21.85 + 4.21 2338 + 3776 2333 + 291 2167 + 346 0.277
Nph2 (mm) 1361 + 3.39 1343 + 247 1267 + 2775 12.86 + 2.97 0.725
Ophl (mm) 11.72 + 319 12.90 + 374 11.08 + 4.49 14.09 + 507 0.103
Oph2 (mm) 10.76 + 2.99 1238 + 374 1063 + 4.25 1294 + 4.88 0.164
PAS (mm) 10.48 + 2.89 1230 + 3.84 1029 + 4.33 1298 + 492 0.085
Tongue length (mm) 8550 + 5.18 89.75 + 7.10*" 8717 + 7.23° 9323 + 617" 0.000
Tongue thickness (mm) 39.48 + 4.38 4070 + 362 4083 + 457 4053 + 4032 0.722
Hyoid bone positions
MP-Hyoid (mm) 1850 + 568° 2075 + 590" 1950 + 3.72° 2459 £ 565°  0.001
C3-Hyoid (mm) 4278 £ 258" 4458 + 4.84* 4363 + 426" 4759 £ 432°  0.000

All data are presented as mean+SD; *the same letters indicate non-significant difference between groups based on
Scheffe’s multiple comparison test.
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21.72)¢] Hato] 2u o] =2 AS=Z YN 7} kL, Gonial angle®= 714 Zlow shetzt

om, 2
(Table 2). (Mn palne angle)< 29.54 + 4.65°2 H|WFFHE TS
9] 23.67 + 4.68°HT} FAKCZE FoJstA &
zb it 7k S22 FRAAI SR E9] v e Hol O #EH vl Al F Y 244 I
47l = kel 3 HAO] BAA SR fFolstA Atol T nee] F= e ATk
7h e dEe 6}9}7‘(Mn plane angle), 77 Az AZAE FolA vk $ARSTET 9
7(SPW), & Z|(tongue length), AdZ(hyoid bone) TN FA(SPW)7}F 1338 + 1.99 mmE H|WeheH
A A ZXE(MP-Hyoid, C3-Hyoid)©] 1T} (Table 3). Zo|9] 1191 + 1.67 mmETH o)A v T74-&
lE44]14 o7 §olgt xto]= UAA L HH|F £ Aoz Uehton EA Ao ® 95 xE %A
& ANB AISAZF 7 Ao Zdsiehd 1 7k 3l7]1% Z7421 Ophl, Oph2, PAS o]l H]H]
7A(ANS-Gn) = 7H¢ Ao, £ 317(S-Go)= ul H BT E o] PHgho] 47 = 7 Ak,

Table 4. Correlations between cephalometric measurements and AHI (apnea-hypopnea index) in OSA patients

Total Non-obese Obese
Parameters
(n = 44) (n = 12) (n = 32)
BMI (kg/m”) 05407 0123 0.353°
Bony structures
SNA () —0.092 0.271 —0.249
SNB () 0.069 0.337 —0.150
ANB (") —0.240 —0.077 —0.125
N-S-Ba () 0.154 —0.153 0.290
N-ANS (mm) —0.227 —0.134 —0.237
ANS-Gn (mm) —0.086 —0.134 0.102
S-Go (mm) 0.120 0.064 —0.057
Cd-Gn (mm) 0.011 0.192 —0.033
Mn plane angle (°) —0.264 —0.101 —0.038
Gonial angle (°) —0.224 —0.330 —0.049
Soft tissues
PNS-P (mm) 0.025 —0.107 —0.016
ANS-PNS-P (°) 0.041 0.055 0.022
SPW (mm) 0.271 0.238 0.283
Nphl (mm) —0.423" —0.533 —0.368"
Nph2 (mm) —0.008 —0.343 0.009
Ophl (mm) 0.286 —0.140 0.234
Oph2 (mm) 0.316" —0.011 0.287
PAS (mm) 0.320° —0.007 0.275
Tongue length (mm) 0516 0.268 0470
Tongue thickness (mm) 0.011 —0.328 0.078
Hyoid bone positions
MP-Hyoid (mm) 0.409" —0.375 0.329
C3-Hyoid (mm) 0.430" —0.604" 0.437"

All data are correlation coefficient values; p < 0.05; Tp < 0.01.
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< AldIgE 23} 2371 = Z7(Nphl), & Z o](tongue
length), 32} Z}(Mn plane angle) 52| 35-o] EA 2]
o= o3t AHE HAFIT} (Table 5). THFE
o5 THA BH|REE H|RbE O 2 Lo 7-](”
O3 A S Al Ao, vivkroM = & A
°|(tongue length)7} H]H] Wl A= C3-Hyoid7}
% Aoz yehdth
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HESTEFSS oA Tdd At 2449 23
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oA A ko] St uwhEtA ©Es] H PG FHE
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LHALE FAapd A o2 Ast= AET= dH4
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A B 44 2 e SR FRURPAAS

Table 5. Stepwise multiple regression model for AHI (apnea-hypopnea index) in OSA patients according to obesity

Group R Selected variables
Beta SE p value
T 1 h 1.2 . .002
Total 0.430 ongue length (mm) 33 0.383 0.00
Nphl (mm) —2.047 0.792 0.013
Mn plane angle (°) —1.167 0.479 0.019
Obese 0.221 Tongue length (mm) 1.656 0.568 0.007
Non-obese 0.365 C3-Hyoid (mm) —1.071 0.447 0.038

1, Regression equation (Total), AHI =

—5562 + 1.283 (Tongue length) — 2.047 (Nphl) — 1.167 (Mn plane angle);

2, Regression equation (Obese), AHI = —111.336 + 1.656 (Tongue length); 3, Regression equation (Non-obese), AHI

= 67.8% — 1.071 (C3-Hyoid).
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ORIGINAL ARTICLE

Cephalometric differences in obstructive sleep apnea between

obese and non-obese Korean male patients

Sang-Hee Hwang, DDS, MSD, PhD," In-Suk Park, DDS, MSD,’ Ki-Young Nam, DDS, MSD, PhD,"
Jong-Bae Kim, DDS, MSD, PhD,” Yong-Won Cho, MD, MSc, PhD,d
Young-Sung Suh, MD, MSc, PhD,° Byung-Hoon Ahn, MD, MSc, PhD,
Shin-Goo Park, MD, MSc, PhD,* Hyo-Sang Park, DDS, MSD, PhD"

Objective: The purpose of this study was to compare the cephalometric measurements of obese and non-obese
Korean male patients with obstructive sleep apnea syndrome (OSA). Methods: Eighty-seven adults who had vis-
ited the Sleep Disorder Clinic Center in Keimyung University, Daegu, Korea were examined and evaluated with
polysomnography (PSG) and lateral cephalogram. They were divided into 4 groups (non-obese simple snorers,
obese simple snorers, non-obese OSA patients, obese OSA patients) according to AHI (Apnea-Hypopnea Index)
and BMI (Body Mass Index). Results: The obese OSA group had the highest AHI among the 4 groups. The
non-obese OSA group had a significantly steeper mandibular angle and shorter tongue length than the obese
OSA group. The hyoid bone of the obese OSA group was positioned anterior and inferior as compared with the
non-obese OSA group. Multiple regression analysis showed that tongue length in the obese OSA group and ret-
roposition of hyoid bone in the non-obese OSA group were significant determinants for the severity of AHI.
Conclusions: From a cephalometric point of view, the obese and non-obese pateints with OSA may be charac-
terized by different pathogeneses. Therefore, they have to be managed by individualized treatment. For the
obese OSA patients, weight control must be advised as a first choice and for the non-obese OSA patients, oral
appliance, nasal CPAP, UPPP and others could be chosen according to the obstructive sites. (Korean J Orthod
2008;38(3):202-213)

Key words: BMI, OSA, Lateral cephalogram, Individualized treatment
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