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CEPHALOMETRIC STUDY OF POSTERIOR AIRWAY SPACE AND HYOID BONE
POSITION IN PATIENTS AFFECTED BY CLASS [ MALOCCLUSION AND TREATED
WITH ORTHOGNATHIC SURGERY

Jin-Song Bae, kyung-Ho Kim*, Hyung-Sik Park Jong-Ki Huh, Kwang-Ho Park
Department of Oral and Maxillofacial Surgery, Department of Orthodontics*
College of Dentistry, Yonsei Untversity
(Yongdong Severance Hospital)

OSAS(obstructive sleep apnea syndrome) is becoming more and more of importance nowadays. Therefore
the study concerning OSAS is very important.

Most of the studies which have been reported were comparison of upper airway size and change of skele-
tal class [ group and skeletal class I group respectively. But, most of the showing OSAS have pharyngeal
narrowing combined with more or less distinct maxillary and mandibular deficiency. Therefore the aim of
this study is to see posterior airway space and hyoid bone position in patients affected by class [ malocclu-
sion and treated with orthognathic surgery.

we measured the lines between selected upper air way landmarks on lateral cephalometric x-ray films of
skeletal class I 30 persons who had not been operated yet, were within 2 weeks after operation, were 6
months after operation. And we compared them respectively and analyzed them with pairing t-test, pear-
son correlation coefficient and multiple regression analysis.

The results were as follows. First of all, skeletal class [ group was increased in all the level of PAS,
especially PAS(ML) and PAS related to hyoid bone(H-PhW, H-PhW{(Me-H)) was significantly decreased
within 6 months after operation but that was larger than preoperation. And then the PAS was increased
after mandibular advancement surgery. While there was no significant correlation between PAS and surgi-
cal methods, there was statistical significance between PAS and a number of surgical movement. At last,
the hyoid bone was advanced within 2 weeks after operation but relapsed within the follow up period.

In the end of the study, it was turned out that PAS was always wider without distinction of the region
after the operation and that there was significant correlation between the moving volume of hard tissues
and the changing quantity of PAS (  how much PAS was changed according to the moving degree of hard
tissues).

After this, to be based on the study, I consider that OSAS demands further study and that it is neces-
sary to do more practical applications to the patients.

Key words : Obstructive sleep apnea syndrome, Skeletal class [ malocclusion, Posterior airway space
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Group Sex Sample Age(years) ANB (degree) Wits ( mm )
Number Mean Mean S.D. Mean 8.D,
Male 8 27.3 6.68 1.96 3.8 211
Class [
Female 22 23.3 8.70 1.84 3.9 2.87
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Table 2. Classification of Class [

Classification Sample number
Surgical 2-Jaw surgery(Mx+Mn) 18
procedure 1-Jaw surgery(Mn) 12
Genioplasty with genioplasty 25
without genioplasty 5
2. A7
1) ZRFRRA PR 39 B FAE 44

ZREEFH SAPAAIA LS 1.5m oA Aol A
AA 2 cephalostatd] WElE 133 3 FAXTY AH
o A &< e %™ (Orthophos CD®, Simens,

Germany), 9 wet FY2A02 2AFHE7HNA
4 9 A2-& S

BE AN ARl A2A TS dxF] F2E 0.003 A
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8} F&A 1379 o), €% 2F o, &% 6704 o]
T2 o] 139 FAIEE A8 BE ASHEE
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B ZA ASsar.

2) A3 2 7134 (Fig. 1, 2)
2 Q704 A18d ASHE e 2o
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PNS

Ba

Po
Phwl
PhW2
PhW3
PhWw4
PhW5
PhWUT
PhwWv
PhWH

Tl

T2

T3

TT
Ul
U2
U3
uT
U4
uUb

Sella

Nasion

Orbitale

Spina nasalis ant.
Spina nasalis post.
A-point

B-point

Pogonion

Menton

Gonion

Articulare

Basion
Porion

Hyoid
Vallecula
Tongue base
Back of tongue

Tongue tip

Uvula tip

Anterior atlas

Midpoint of fossa hypophysealis

Anterior point at frontonasal suture

Most inferior point of the orbit

Most anterior point of anterior nasal spine

Most posterior point of hard palate

Deepest anterior point in concavity of anterior maxilla
Deepest anterior point in concavity of anterior mandible
Most anterior point of bony chin

Most inferior point of bony chin

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

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

Most inferior point on anterior foramen magnum

Most superior point of bony external auditory meatus
Ba-PNS bisecting posterior pharyngeal wall

ANS-PNS bisecting posterior pharyngeal wall

Occlusal plane bisecting posterior pharyngeal wall
Mandibular plane bisecting posterior pharyngeal wall
Me-H bisecting posterior pharyngeal wall

Shortest distance point of posterior pharyngeal wall from UT
Shortest distance point of posterior pharyngeal wall from V
Shortest distance point of posterior pharyngeal wall from H
Most antero-superior point of hyoid

Most antero-inferior point of epiglottic fold

ML-bisecting posterior margin of the tongue base

Most superior point of the back of the tongue to V-TT
Occlusal plane bisecting posterior margin of the tongue
Most anterior point of the tip of the tongue

Most superior point of soft palate distal to PNS

Posterior margin of soft palate at its greatest thickness
Occlusal plane bisecting posterior margin of soft palate

Tip of uvula or soft palate

Anterior margin of soft palate at its greatest thickness
Most antero-superior margin of the soft palate

Most anterior point of bony atlas
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Fig. 14. Landmarks
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Distance posterior pharyngeal wall-tongue base on occlusal plane(PhW3-T3)

PAS (ML) Distance posterior pharyngeal wall-tongue base on ML{PhW4-T1)
PAS (OL)

PAS (NL) Distance posterior pharyngeal wall-PNS on NL(PhW2-PNS)

PAS (UT) Distance posterior pharyngeal wall-uvula tip(PhWUT-UT)
AA-PNS Distance anterior atlas-posterior nasal spine

Ba-PNS Distance basion-posterior nasal spine

Ba-PhW1 Distance basion-posterior pharyneal wall on Ba-PNS

PhW1-PNS (PAS)
Go-PNS

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

Ba-A Distance basion-point A

PNS-UT Length of the soft palate (uvula-length)

U2-U4 Thickness of the soft palate (uvula-thickness)

V-Me Distance vallecula-menton

V-ANS Distance vallecula-anterior nasal spine

V-8 Distance vallecula-sella

T1-ANS Distance tongue base-anterior nasal spine

T1-B Distance tongue base-point B

T1-PNS Distance tongue base-posterior nasal spine

T1-TT Distance tongue base-tongue tip

V-PhW (PAS) Shortest distance V-posterior pharyngeal wall(PhWV-V)
V-TT Axis of the tongue tip

T2/V-TT Tongue height

H-ML Shortest distance hyoid to mandibular plane

H-Me Distance hyoid-menton

H-B Distance hyoid-point B

H-PhW (Me-H) Distance hyoid-posterior pharyngeal wall on Me-H({(PhW5-H)
H-PhW(PAS) Shortest distance hyoid to posterior pharyngeal wall(PhWH-H)
AA-H Distance hyoid-anterior atlas

H-S Distance hyoid-sella

@ 7%= A% B

SNA Angle between S-N and N-A
SNB Angle between S-N and N-B
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

Uvular Angulation Angle between NL and PNS-UT

7 9 EF HAE 7

244 13 F3agAe 93712339 va% &4,
233 £% oMY o1F9 N=3TY ¥as A3
paired t-test® AAdl] 5% #9 FEAA BAH F4
A AR & A
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Fig. 3. Measurements of the hard tissue changes
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Table 3. Pharyngeal dimensions of pre-operation, immediate post-operation and follow-up periods(6 months) in Class 1

Measurements Class [ ' TO Class I : Tl Class I : T2

Mean (SD) Mean (SD) Mean  (SD)
PAS (ML) 10.53 (3.09) 1410  (4.96) 13.70  (3.46)
PAS (OL) 18.00 (3.20) 2176 (3.48) 20.76  (3.65)
PAS (NL) 30.86 (3.53) 30.96 (3.02) 3143 (3.27)
PAS (UT) 9.30 (2.93) 11.80  (3.80) 11.50  (3.02)
AA-PNS 37.50 (3.57) 38.56 (3.34) 38.50 (3.38)
Ba-PNS 48.40 (4.19) 49.00 (3.65) 4916 (3 86)
Ba-PhW1 18.53 (2 63) 18.70  (2.40) 18.43 (3.15)
PhWI1-PNS (PAS) 29.86 (343) 3026 (276) 30.66 (3.36)
Go-PNS 51.06 (7.47) 49.33  (6.54) 4786  (7.24)
Ba-A 93.26 (5.68) 93.23 (5.76) 93.30 (5.65)
PNS-UT 38.30 (4.31) 38.50  (3.39 3663 (2.78)
U2-U4 863 (1.54) 943  (1.95) 856 (1.52)
Uvula-angulation’ 136.90 (6.24) 131.70  (5.89) 134.83  (6.05)
V-Me 50.36 (7.38) 59.80 (570) 5733 (6.22)
V-ANS 99 03 (5.88) 9746  (6.07) 9590 (5.43)
V-8 107.83 (8.28) 106.90  (8.01) 105.20 (8.75)
T1-ANS 86.83 (5.68) 8373 (5.69) 83.36 (6.15)
T1-B 62 06 (4.41) 64.16  (4.50) 6410 (4.80)
T1-PNS 49.20 (6.33) 48.16  (6.06) 46.80 (6.82)
T1-TT 70.53 (5.15) 68.73  (6.30) 68.80 (5.15)
V-PhW (PAS) 1540 (3.25) 16.73 (5 46) 1643  (3.37)
V-TT 77.10 (5.26) 76.53  (6.55) 75.03  (5.95)
T2/V-TT 35.86 (3.52) 34.86  (3.75) 35.80 (3.88)
V-TT/ML’ 60.13 (8 48) 5773  (7.38) 5873 (7.89)
V-TT/FH’ 25.03 (5.95) 2420 (6.19) 23.16  (5.84)
H-ML 11.43 (6 14) 17.53  (8.65) 11.56 (6 22)
H-Me 3593 (6.51) 44.06 (49D 43.36  (5.00)
H-B 46.36 (5.18) 51.00 (6.77) 4850  (4.26)
H-PhW (Me-H) 30.16 (3.83) 34.20  (5.80) 31.10  (4.38)
H-PhW(PAS) 29.66 (3.89) 3333 (4.84) 3070 (412)
AA-H 60.00 (7.18) 66.40 (7.15) 59.03 (7.40)
H-S 108 56 (8 31) 114.10 (9 10) 106.56  (8.12)
N-S-H 95.26 (5.23) 93.26 (5.24) 9326 (5.11)
NSL/Ar-H’ 83.16 (7.90) 8096  (7.94) 80.23 (797
ML/H’ 19 50 (11.31) 2373 (11.73) 16.10  (9.10)

* =degree, others=mm,
TO=pre-operative, T1=post-operative, T2=follow-up
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Table 4. Changes of pharyngeal dimensions of pre-operation, immediate post-operation and follow-up periods in Class Il and

significance test

Measurements T1-T0 T2-T0 T2-T1

mean (8D)  pvalue mean (8D)  pvalue mean (SD)  pvalue
PAS (ML) 3.56 (3.82) 0.0001 313 (3.35) 0.0001 -0.43 (4.10) 0.5678
PAS (OL) 3.73  (3.55) 0.0001 2.82 (3.15) 0.0001 -0.91 (2.32) 0.0390
PAS (NL) 0.10 (2.70) 0.8285 0.56 (2.06) 0.1437 0.45 (2.15) 0.2539
PAS (UT) 260 (291 0.0001 2.33 (2.37) 0.0001 -0.27 (2.85) 0.6022
AA-PNS 1.09  (2.29 0.0140 0.97 (1.81) 0.0064 -0.12 (1.99) 0.7372
Ba-PNS 0.68 (2.55) 0.1515 0.78 (2.06) 0.0471 0.09 (1.48) 0.7287
Ba-PhWw1 031 (17D 0.3441 -0.35 {1.60) 0.2366 -0.35 (1.60) 0.2366
PhW1-PNS (PAS) 037 (2.42) 0.4018 0.79 (2.01) 0.0402 0.41 (2.02) 0.2712
Go-PNS -1.68  (2.54) 0.0011 -3.17 (2.16) 0.0001 -1.48 (2.14) 0.0007
Ba-A -0.04 (3.05) 0.9326 0.07 (3.33) 0.9049 0.12 (1.50) 0.6640
PNS-UT 0.12 (4.22) 0.8770 -1.70 (3.62) 0.0152 -1.82 (3.25) 0.0045
U2-U4 0.82 (1.43) 0.0037 -0.05 (1.20) 0.7938 -0.88 (1.40) 0.0017
Uvula-angulation® -5.27  (5.56) 0.0001 -2.10 (5.55) 0.0468 3.16 (4.45) 0.0005
V-Me 958  (6.53) 0.0001 7.04 (5.00) 0.0001 -2.54 4.74) 0.0065
V-ANS -145  (3.73) 0.0421 -3.06 (4.12) 0.0003 -1.61 (4.34) 0.0515
V-S -1.01 (35D 0.1317 -2.55 (3.84) 0.0011 -1.54 (3.78) 0.0336
T1-ANS -3.09  (2.05) 0.0001 -3.39 (2.86) 0.0001 -0.30 (2.64) 0.5392
T1-B 2.16 (339 0.0016 2.13 (3.33) 0.0015 -0.02 (3.62) 0.9703
T1-PNS -0.99 (2.24) 0.0211 -2.34 (2.01) 0.0001 -1.34 (1.98) 0.0009
T1-TT -1.72  (5.58) 0.0992 -1.67 (4.94) 0.0740 0.05 (6 96) 0.9661
V-PhW (PAS) 1.38  (3.52) 0.0403 1.06 (2.44) 0.0230 -0.31 (4.46) 0.7038
V-TT 044 (6.1D 0.6910 -2.10 (4.76) 0.0219 -1.66 (7.33) 0.2250
T2/V-TT -1.04  (2.93) 0.0598 -0.01 (2.89) 0.9748 1.03 (3.18) 0.0866
V-TT/ML’ 246  (4.07) 0.0025 -1.44 (3.81) 0.0474 1.02 (4.35) 0.2082
V-TT/FH’ -0.77  (3.69) 0.2620 -1.79 (4.38) 0.0327 ~1.02 (4.00) 0.2133
H-ML 6.07  (6.27) 0.0001 0.22 (3.76) 0.7470 -5.85 (5.48) 0.0001
H-Me 807 (5.18) 0.0001 7.34 (5.69) 0.0001 -0.72 4.37) 0.3712
H-B 460  (4.45) 0.0001 2.08 (3.78) 0.0052 -2.51 (4.65) 0.0060
H-PhW (Me-H) 402  (4.30) 0.0001 0.94 (1.9 0.0112 -3.07 (4.31) 0.0005
H-PhW(PAS) 3.79 (3.30) 0.0001 1.10 (1.46) 0.0003 ~2.68 (3.35) 0.0001
AA-H 6.37  (6.06) 0.0001 -1.01 (3.79) 0.1539 ~7.39 (5.64) 0 0001
H-S 553  (6.93) 0.0001 -1.99 (3.72) 0.0066 ~7.52 (6.29) 0.0001
N-S-H -1.98  (2.33) 0.0001 -1.98 (2.51) 0.0002 ~0.00 {2.16) 0.9962
NSL/Ar-H’ 210 (419 0.0103 -2.87 (3.28) 0.0001 -0.77 (3.46) 0.2319
ML/H 427 (891) 0.0136 -3.44 (5.99) 0.0038 -7.71 (7.12) 0.0001

° =degree, others=mm,
T0=pre-operative, T1=post-operative, T2=follow-up
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Table 5. Changes of pharyngeal dimensions after 1-jaw and 2-jaw surgery and significance test

T2-T0
Measurements 14aw (N =12) 2aw (N = 18) - p-value
Mean (8D) Mean (8D)
PAS (ML) 2.70 (2.30) 3.41 (3.95) 0.5777
PAS (OL) 2.24 (1.28) 3.20 (3.94) 0.3449
PAS (NL) 0.40 (1.48) 067 (2.40) 0.7308
PAS (UT) 1.90 (1.16) 2.61 (2.92) 0.3617
PhW1-PNS (PAS) 0.34 (1.56) 1.08 (2.26) 0.3340
V-PhW (PAS) 062 (1.56) 1.36 (2.88) 0.3718
H-PhW (Me-H) 0.87 (1.23) 0.99 (2.30) 0.8499
H-PhW(PAS) 1.21 (1.25) 1.03 (1.61) 0.7449

unit=mm
TO= pre-operative, T1=post-operative, T2=follow-up

Table 6. Changes of pharyngeal dimensions after surgery with genioplasty and without genioplasty and significance test

T2-T0
Measurements without. genioplasty(N = 5) with genioplasty (N =25) p-value
Mean (8D) Mean (SD)
PAS (ML) 2.95 (1.99) 3.16 (3.60) 0.9005
PAS (OL) 1.41 (3.01) 3.10 (3.1D 0.2819
PAS (NL) -0.49 (0.75) 0.77 (2.18) 0.2123
PAS (UT) 112 (2.44) 2.57 (2.34) 0.2204
PhW1-PNS (PAS) -0.73 (0 40) 1.09 (2.07) 0.0004
V-PhW (PAS) 0.50 (1.74) 1.18 (2.57) 0.5780
H-PhW (Me-H) 139 (1.74) 0.85 (1.97) 0.5785
H-PhW(PAS) 1.70 (1.73) 0.98 (1.41) 0.3221
unit= mm,
T0=pre-operative, T1=post-operative, T2=follow-up
3) A<l 99t Fejel Wk 2. MA 2 whol o3t 2IFT|TBIEE B4
Aot g #7142 4ol (TI-ANS)E +&3%F &
29U £3 6719 o] Fd & 7AdE FHE FAH 1) ¥4523 Heee (Table 5)
Aom (p=0.0001), dtel dgt F71ARH 2o Fotsred Hepy %01] e A1 £F 67149 A%
(Tongue base-B)& +aA %o F7HAL FH2AIZT =gz st BAE fo40] de AeE Yehhth
A% FA = At
39 1.7 (Tongue height)& F23 ¥ #44 § FH2A} 2) 8t} o] A7 Y@ & M {5 (Table 6)
71ZE Foll Adez JEHE FFE Jehlden, &9 stetolRAMNE Al 7o 12 PASY WHFS
Zo|(V-TT)E &Fle o] gicht FH2APIHZ PhWI-PNS ol&lo) & SAHCE ool gA vehsttt

944 QA FetatHp=0.0230). (p=0.0001).

4) A7) M3}
AN Aol FeAfde W] Yot FAHXA 3. AxZAQ| wstol mE oixAl 9 MTo| AlmbmbA|
71l w94 A BoldoH (p=0.0045), FA= + (Table 7
A Tol YN H 0 Z 27} T U] ZAHE g e
HPHp=0.0017). 4909 A5%H), 49 B, e AEY
(Pog) & 12;;:-5}04 A% £% 6709 )39 -3
olFFe] tig ASA FRBAE 27 AN FeFE
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Table 7 . Horizontal A, B and Pogonion dimensions of pre-operation, immediate post-operation and follow-up periods in Class I

Measurements 10 T 12

Mean (8D) Mean (8D) Mean (SD)
Hor/A 61.13 (3.77) 61.56 (2.73) 60.45 {2.81)
Hor/B 41.00 (3.32) 46.51 (3.47) 443 4.4
Hor/Pog 39.16 (3.11) 50.43 (4.08) 46.90 (3.87)

° =degree, unit=mm,
TO=pre-operative, T1=post-operative, T2=follow-up

Table 8. Changes of Horizontal A, B and Pogonion dimensions after surgery and significant test

Measurements T1-TO T2-TO T2-T1

means (8D) p-value means (8D}  pvalue means (SD) p-value
Hor/A 0.39 (267 0.4460 0.62 (3.05) 0.3018 0.22 (1.21) 0.3524
Hor/B 744 (417 0.0001 6.28 (4.21) 0.0001 -1.15 (2.06) 0.0074
Hor/Pog 12.29  (5.96) 0.0001 10.32 (4.91) 0.0001 -1.96 (2.52) 0.0004

= degree, unit= mm,
TQ=pre-operative, T1=post-operative, T2=follow-up

Table 9. Correlation analysis between changes of pharyngeal dimensions and maxillomandibular movements (T2-TQ) and significant
test

T2-TO
Variables . Hor/A . Hor/B . Hor/Pog
correation correation correation
coefficient pvalue coefficient p-value coefficient pvalue
PAS (ML) 0.46378 0.0098 0.52805 0.0027 0.37514 0.0411
PAS (OL) 0.39574 0.0304 0.37134 0.0433 0.33533 0.0701
PAS (NL) -0.04008 0.8335 -0.02056 0.9144 0.08345 0.6611
PAS(UT) 0.27044 0.1483 0.52922 0.0026 0.51424 0 0036
V-PhW 0.12459 0.5118 0.18824 0.3192 0.19958 0.2903
H-PhwW 0.31194 0.0933 0.31839 0.0864 0.06481 0.7337
Pearson correlation coefficient. significant at the level of p{0.05
TO=pre-operative, T1=post-operative, T2=follow-up
Table 10. Multiple regression analysis of PAS (T2-T0)
T2-TO : 249
dependent independent p-value ) A4 (T2-TO)
variables variables
PAS (ML) Hor/B 0.0001 61.33 PAS(ML)=0.48889652 x Hor/B
PAS (OL} Hor/Pog 0.0001 51.79 PAS(Occl) =0.27477691 x Hor/Pog
PAS (NL) Hor/Pog 0.0508 13.89 PAS(NL)=0.06742107 x Hor/Pog
PAS(UT) Hor/Pog 0.0001 67.99 PAS(UT) =0.24449862 x Hor/Pog
V-PhW Hor/Pog 0.0203 19.02 V-PhW=0.10335533 x Hor/Pog
H-PhW Hor/B 0.0002 42.66 H-Phw=0 16158590 x Hor/B

wWg2o] Xeib ¢ stepwise, p-value © 15%, RP=%
TO=pre-operative, T1=post-operative, T2=follow-up
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