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1. 209 #xte] AH$ 2w A 4% & PNS plane? anteroposterior length? =7}
= Afstas FY3t |ty #dEEA ekgk| dkd, 304, 409 A= FF A
© % oropharynx volume, total volume, 24 wHZ 9 gsoft palate plane,

tongue base plane?] 4 FtolA ol FAE BT (p<.05)

2. Al 15 Abelell oropharynx F3]9] ®Ws}EFe] {2 Zpol7k e (p<.05),
AR HAY AY 20d 9 309, 2009k 40t Atolelli= oropharynx 3] o] w3}
o] #2%t xpolE Bt (p<.05/3)

3. Al 2FS @3t dA A#E FolA b 3 4 (simple linear regression) <
Algst A3t Ago] T7HerS oropharynx volume o] WglgFo] 7FAsgl o,

te g g 3 AHAS At JOropharynx volume = 1.403 — 0.085 # age,

oldE Tt =44 I FAwE &2 ofwd = A 20l w30
o, 40thell M= 7= do], WA gl B3 ASA ] ATt IFrE Fo A e
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J_?__
Fdom FdEo] A4 EUAXE wAHs7] S otz Le Fort [ =4dd= (Le
Fort I osteotomy) % atetaro] F54d stebA] A2 =44 (Bilateral sagittal
split ramus osteotomy)= Al&st 3Ax} F = d, £+ 3-671€2 & Y cone
beam computed tomography (CBCT)7} = A=S o2 &t} 7|Eof o
oY Fes wdd 1, FETNE 5& XS A4 craniofacial anomaly 24,

MG 4Amm o4 ExF, BMI A|57F 30 o<l a2 A9 stqloh.

A4 I ¥4 ud sxte] o= ¥ vuES 938t 20t (20—294]) 1349
), 30t (30—39A41) 147 Ak 79, o4& 794), 40t (40—-46
A 139 (F#F 69, 4#F 74) S A3tk (Table 1)

Table 1. Distribution of patient data and CBCT data

20s 30s 40s
(20—29 years) (30—39 years) (40—46 years) p-value
Total (n) 13 14 13
Male (n) 6 7 6
Female (n) 7 7 7
Age (years) 23.7 £ 2.3 34.2 * 2.6 42.2 * 2.0 <.001 sk
BMI 225 * 3.0 23.4 + 2.7 22.7 * 3.1 .559
CBCT (days) 123.0 = 34.8 1274 * 344 124.2 * 31.7 .932

(s p<0.001)



2. 9 =¥
2.1 AAs B3 89 AA R QA Y AT

AT A= &= A 25 ol (TO) ¢ &< 3-671€ ¥ (TDel CBCT
(KaVo 3D eXam, KaVo Dental GmbH, Biberach, Germany) #9< A& 3s}%t}.
Voxel sizex= 0.4 mm, scan time < 17.8 %909, effective dosex 9F 156 xSy,

FOV 230 x 170 mm& A4 3s}ldt}.

#9 Al A} Frankfort horizontal plane (FH plane)©] vleo] Byt eE oF
= AR A 7]AL ko] HF A el #FY Ao FF AR A sk & T
AAE s FEE kst dS ZY onAES =4 gRdY ZF

(Digital imaging communication in medicine, DICOM) 3} 2 W 3}3dlo] #a}9d T}

T A 2 Fe T FYsk GAS InVivoDental 6 software (Anatomage Inc.,

San Jose, CA, USA)E AF&-3fo] ofetd 4l A= & Aatdoz A7Ads0 o
H, 7% 3 AxA e AAE skl flste] skeAEE w9 (Hounsefield
Unit) 2] threshold valuet= —1,024%-E —600741 9] M2 AA3sHlth (Park et al.,
2010). A5& #ZFgsta ewE HAsksl7] fdte] v FHS Vleo® 3xkd

3

O =

porion % %= orbitaleE AUE FHW  (horizontal

o
2
-
o,
_OL
32
v
o2
N\

plane) S 7o % AHEN 1, nasion?} basionS AUm FHHo| F=AE HHS

A= H ™ (midsagittal plane) &2, nasione ¥ &35ty =3 H = FHo| 23
HAWS A (frontal plane) &2 A3 o (Park et al., 2012). (Table 2)
2.2 AF &=

712" W 71F=HAEE Table 2004 4 9 slit}.



Table 2. Reference points and reference planes on the 3—dimensional images.

Reference points

Nasion (Na)
Orbitale (Or)
Porion (Po)
Basion (Ba)

A Point
B Point

Posterior nasal spine (PNS)

Vp
CV1

Ccv2

Cv4

The most anterior point of the frontonasal suture
The most inferior point of the infraorbital rim
The most superior point of the external acoustic meatus

The most posterior inferior point of the occipital bone at
the anterior margin of the foramen magnum
The innermost point in concavity of the anterior maxilla

The innermost point in concavity of the anterior mandible

The most posterior point on the bony palate in the sagittal
plane
The most posterior point of the ala of the vomer

The most anterior inferior point of the anterior arch of the
atlas

The most anterior inferior point of the body of second
cervical vertebrae

The most anterior inferior point of the body of forth
cervical vertebrae

Reference planes

Frankfort horizontal plane
(FH Plane)
Midsagittal plane

Frontal plane
(Na—perpendicular plane)
Vp—PNS plane

CV1 plane
CV2 plane
CV4 plane
PNS plane

Soft palate plane
(SP plane)

Tongue base plane
(TB plane)

The plane was constructed on both side of Po and right of
Or

The plane was perpendicular to the FH plane passing
through Na and Ba

The plane was perpendicular to the FH and the midsagittal
planes passing through Na

The plane was perpendicular to the midsagittal plane
passing through PNS and Vp

The plane was parallel to the FH plane passing through CV1

The plane was parallel to the FH plane passing through CV2
The plane was parallel to the FH plane passing through CV4
The plane was parallel to the FH plane passing through PNS

The plane was parallel to the FH plane passing through the
most posterior point of the soft palate

The plane was parallel to the FH plane passing through the
most posterior point of the tongue base




2.2.1 o+Z9 o]FFH (A9 advancement, 312 setback, PNS impaction)

FH plane % Na—perpendicular plane< 7|5° % A point, B point® horizontal
position (mm), PNS point2] vertical position (mm)< F38}o] Z}2+2] =< A (T0)
AN & 3-671€ & (TR WH3ls (mm)E 49} advancement (AW+, S0

=), 3FeF setback (A¥+, FHF—) PNS impaction A+, st —) o2 7 ol &lgic)

lo

(Fig 1)

FH plane

Fig 1. Measurement of movement amount of the jaw; (A). Horizontal measurements of A

point and B point, (B). Vertical measurement of PNS



2.2.2 AF 71 F7tY segmentation ¥ F3

AR 3x om Ao A #AFe] /I 7= gk BIQlIF (nasopharynx),
Q%% (oropharynx), 8l (hypopharynx) ] Al ¥ o2 o] zbzbe] -y gl
T HFuE SAHsY. 4 JIFE Ure FHS ol ATl AFEEHIAE Vp—
PNS plane, CV1 plane, CV2 plane, CV4 plane& AF&3} ¢ (Kim NR, 2010; Park et
al., 2012; Yang et al., 2020). (Fig 2)

FH plane

-

CV1 plane

CV2 plane

Fig 2. Segmentation of 3—dimensional pharyngeal airway; (a) Nasopharynx; Airway formed
by the Vp—PNS plane and CV1 plane (b) Oropharynx; Airway formed by the CV1 plane

and CV2 plane (c) Hypopharynx; Airway formed by the CV2 plane and CV4 plane



2.2.3 A4 7129 A4 @A 2 F2 v

)
1o

AA

d

InVivoDental 6 AXE9o]o] 4 7|55 o]&ste] A 7[=e Ha s 4

[¢]

H4A BdA 9 2= nasopharynx, oropharynx, hypopharynx® J-&3lo] &H<ls}

At} (Figs 3&4)

Min area: Min area:
223.8mm2 166.6mm?

Fig 3. Three—dimensional reconstructed airway and minimum cross—sectional area in a
20s patient; (A) anterior view, left; pre—operation, right; post— operation (B) lateral view,

left; pre— operation, right; post— operation.

N

Fig 4. Three—dimensional reconstructed airway and minimum cross—sectional area in a

40s patient; (A) anterior view, left; pre—operation, right; post— operation (B) lateral view,

left; pre— operation, right; post— operation.



2.2.4 7 712N A5 Qo|, % vy] & WEF

221 Aol Al=L 371A] vertical level (PNS plane, SP plane, TB plane) 2 A}
g3kl g1ttt (Yang et al., 2020). (Table 2) 7} levelel 28 48 A= ¥
7re] HAZW 7o) (the anteroposterior length, AP), =% UY¥] (the highest
transverse width, TR) % ©HZ (cross— sectional area, CSA) & Z+Z} =739t}

(Fig 5)

PNS plahe

SP plane —

TB plane

PNS plane

SP plane ' TB plane

Fig 5. Measurement in two dimensions; (A) 3 vertical levels (PNS plane, The plane was
parallel to the FH plane passing through PNS; SP plane, The plane was parallel to the FH
plane passing through the most posterior point of the soft palate; TB plane, The plane was
parallel to the FH plane passing through the most posterior point of the tongue base), (B)
Anteroposterior length (AP), transverse width (TR) and cross—sectional area (CSA) of

the PNS plane (C) AP, TR and CSA of the SP plane (D) AP, TR and CSA of the TB plane



2.2.5 Pharyngeal narrowing ratio (PNR): 24 ©d 2 /PNS_CSA *100 (%)

Az WA 5929 vas AN A% 27 Folo FFL EFHA &

rr

o]

o @AZE EAE . weA ARl 7] JE s & AHT 3

rr

4

Pharyngeal narrowing ratio (PNR)ZE H| w3} t}(Fajdiga, 2005; Koren et al.,

2009). PNRS AA 7129 H4 WA I} PNS plane?] w2 9] vl &2 AAbsioith

2.3 B4 ¥4

20, 30Wh. 40t 7 1w ¥ Fe A5 SARY AlE Loprr] Sd
Wilcoxon®3& % A4 (Wilcoxon Signed Ranks test) & A|&3tgom, A 718 7+
T A 7k S 2 ols# Aol W e AF U WHIR Aols ¢
ot 7] 9138l Kruskal—Wallis test® AFE-3FQlaL, 7} o Atolef] Apol7h QQ=A] AFS-
774 Bonferroni corrections ©]-83dto] Atk g 20th, 30th, 40t Al 1
e g A 259 yolE 53R E 8kal oropharynx volume?| W3S F

SUFE sl B 37 24 AP

10



. |5 a3

1. AR W 24k AA

AZA U AHE H7tE Yato] FA97 Agst 1089 x5 SAs HARA}
7F 2 Fo] Td3s wWHlo=z AE5H . au AdEAS  (Intra—class
Correlation Coefficient, ICC) & o]g-3to] H7} ¢t Az} ICCY W= 0.96-0.99%

Fe AHEE By

2. Ml A% T 3t k=9 o]lFF (T1-TO) vl

20, 30, 40t A o5 T+ b ofF9 o]FHe AolE dolr7|] 3}
Kruskal—Wallis testS A|3&lg om §2ol3t ztol= gt (p>.05) (Table 3)

ogdwy = A37kZ A point 7} 20t ZEFolA 1.84 £ 1.63 mm, 30 I&
ol 2.03 + 2.00 mm, 40t] ZEIA 2.03 + 2.76 mm AWOR o]EM, B
point7} 20t 1Ee|H —7.44 + 2.82 mm, 30t] L&A —7.02 + 2.92 mm, 40
g 2FeA —-7.09 £ 2.76 mm °lFF o Ael=el T impaction ©] 20t 1&
A 3.54 + 2.20 mm, 30t ZEA 3.80 + 2.58 mm, 40t] TEIA 3.93 +

1.92 mm ©]% 3}t

11



Table 3. The amount of surgery in the 20s, 30s, 40s group

20s 30s 40s D=
Mean = SD Mean £ SD Mean £ SD value

Maxilla advancement (mm) 1.84 £ 1.63 2.03 £ 2.00 2.03 £ 2.76 942
Mandible setback (mm) -7.44 * 282 -7.02 £ 292 -7.09 £ 2.76 .839
+ 2.20 3.89 £ 2.58 3.93 £ 1.92 .929

..J;

PNS impaction (mm) 3.5

3.4 1F 48 odun

m'

g4t Bl

Te d, 9 7=

024.,

200 1E59 & HAFEE v|uwdt A, nasopharynx® F3 2 PNS plane?]
TR, CSAE Z7He ou F98k#] ¢kkal, PNS plane?] AP 93 S715 B}
(Table 4)

30" 1w° e AFE vudt Ay, F3I FAAe|A oropharynx, total

i
m, HiA o

ﬂl

volume? 93t ZHAE HFO

ﬂ

_1&

= fo% HAaxrE BTz
planed| A 2] W3 E A EW SP plane? TR, CSA+ Fo3HA #Aaseia, TB
plane® AP, TR, CSALE #2sHAl #ashsith.

40t 1559 A, ¥3 FHA oA oropharynx, total volume?] 2|3 A%
a2 1yl ZF planeoA e W3 E
A EH SP plane ¥ TB plane? E+= 547 (AP, TR, CSA)°lA F2sHA

Zrasiet.

Bow HA wHzA 9 PNR

I-['I

19
rQL'
Ij

[e)
T
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A, A 25 7+ F€E Q3 JE ¥H3IEk v

Al 2% b FEE A 7= HelgE vlwst A3 oropharynx -3 2] WghEF
o] Al T ZF 93 o7k Yo (p<.05), AHF AA A3t 30t) 9} 40t Alolo
= g Aolrk e, 20tk 304 (p=.014), 20t} 40th (p=.007) Atolel
2% x}o]Z Wt} (Table 5, Fig 6)

Table 5. Comparison of surgical changes in the 20s, 30s and 40s

20s 30s 40s

(T1-TO) (T1-TO) (T1-TO) p—value

Mean (SD) Mean (SD) Mean (SD)
Volume (mm?®)
Nasopharynx 0.28 (1.09) -0.71 (1.59) —0.38 (1.38) .102
Oropharynx -0.44 (1.0D*  -1.84 (1.33)>  —2.01 (1.53)"  .012*
Hypopharynx -0.11 (1.30) —0.66 (2.26) —1.09 (1.88) 373
Total -0.26 (2.69) -3.21 (4.14) —3.48 (3.23) .079
Minimum CSA (mm?) 2.35 (48.34) —33.00 (58.89) —34.07 (45.21) .250
PNS plane
AP (mm) 2.07 (1.08) 0.88 (1.77) 1.30 (2.90) .237
TR (mm) 0.20 (2.01) —0.58 (4.21) -0.63 (4.77) .984
CSA (mm?) 2.32 (55.36) —19.05 (79.66) —2.00 (108.76) .646
SP plane
AP (mm) -0.24 (1.70) -0.70 (1.87) —1.46 (1.96) .328
TR (mm) —0.61 (3.68) —2.97 (3.06) —3.96 (4.57) .104
CSA (mm?) —8.95 (42.81) —40.08 (48.85) —52.18 (52.27) .084
TB plane
AP (mm) —0.54 (1.89) —2.01 (2.40) —2.16 (2.05) .133
TR (mm) -0.68 (4.17) —2.31 (2.89) —2.61 (3.75) .608
CSA (mm?) —13.58 (63.42) —-62.65 (61.00) —51.01 (63.27) .120
PNR (%) —0.34 (9.74) —5.40 (9.53) —8.03 (10.29) .256

(* p<0.05, shared subscripts represent group means that are not statistically significant
from one another after Bonferroni correction.); TO, pre—operation; T1, post—operation; SP
plane, soft palate plane; TB plane, tongue base plane; PNR, pharyngeal narrowing ratio; AP,

anteroposterior length; TR, transverse width; CSA, cross—sectional area
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Fig 6. The amount of change in nasopharynx, oropharynx, hypopharynx and total volume

by age group. As a result of the post—hoc test, there were significant differences in

oropharynx between the 20s and 30s, and the 20s and 40s (p<.05/3)
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5. Y] 2} Oropharynx volume H3Z2 @< 34 4

20 tf, 30 th, 40 tf Al 152 T3 AA AH FolA yolE SHHSERE St
oropharynx volume 2] W3S FTHHFE o] o 37 4 (simple linear

regression) = Al Ay} Ago] F7ME4= oropharynx volume 2 WH3}EFo]

—

7¥ s o (R?=.212, p<.01), Figure 7 & & AL T2 A9},
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Fig 7. Scatter plot of age versus the change in oropharynx volume. 4 Oropharynx volume

=1.403 — 0.085 = age, (R?=.212, p<.01)
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Al 1E 5 = A hypopharynxel #HA wh#o] A%k &k 7 o @k
o, 20008 AF T AFE Ha A 7298 o] wgh dx= v (Fig
8) 30t At 4% 3kx}7} hypopharynxolA oropharynx@ #H A wHz H99
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Ak 40t A 3
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Fig. 8 Changes in position before and after surgery of minimum cross—sectional area in

20s, 30s and 40s
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Abstract

A pharyngeal airway changes following mandibular setback surgery

in skeletal Class III malocclusion according to age groups

Hyeyun Kim

Department of Dentistry

Graduate School of Yonsei University

(Directed by Prof. Kee—Joon Lee, D.D.S., Ph.D.)

As social life expectancy increases, more orthodontic surgery is performed in
the elderly, but research on changes after orthognathic surgery is focused on
younger age groups (average 20s). With increasing age, airway size decreases
and the prevalence of obstructive sleep apnea increases. So, it is important to
investigate age—dependent differences in airway changes after orthognathic
surgery. The purpose of this study was to investigate the age—dependent
differences in pharyngeal airway changes after orthognathic surgery in skeletal
Class III malocclusion patients. Additionally, the correlation between age and the

amount of change in the pharyngeal airway was investigated.
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Subjects were 20s (13 patients, 6 men, 7 women), 30s (14 patients, 7 men, 7
women), 40s (13 patients, 6 men, 7 women) who were diagnosed with skeletal
Class III malocclusion and underwent Le Fort I osteotomy of the maxilla and
bilateral sagittal segmental osteotomy of the mandible. Cone beam computed
tomography (CBCT) records were used to compare the intra—group and inter—
group changes before and after surgery, and the following conclusions were
obtained by analyzing the correlation between age and the amount of change in

the pharyngeal airway.

1. In the 20s, no significant change was observed except for the increase in
the anteroposterior length of the PNS plane after orthognathic surgery.
Whereas patients in the 30s and 40s showed significant decreases in
oropharynx volume, total volume, minimum cross—sectional area, and soft

palate plane and tongue base plane measurements in common. (p<.05)

2. There was a significant difference in the amount of change in oropharynx
volume between the three groups (P<.05). As a result of the post—hoc test,
there was a significant difference in the amount of change in oropharynx

volume between the 20s and 30s and 20s and 40s. (p<.05/3)

3. As aresult of performing simple linear regression in the total age group in
which the three groups were combined, the change in oropharynx volume
decreased as the age increased, and the following regression equation was

obtained. 4Oropharynx volume = 1.403 — 0.085 * age, (R>=.212, p<.01)

In summary, reductions in airway length, area, and volume were observed in
patients in 30s and 40s compared to those in 20s after orthognathic surgery in

skeletal Class III malocclusion patients. Therefore, it is recommended to avoid
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excessive mandibular setback movement by emphasizing the functional role in
patients in their 30s and 40s with narrow airway space by evaluating the
presence of upper airway resistance syndrome and CBCT imaging before

surgery.

Key words: Pharyngeal airway change, orthognathic surgery,

comparison by age, narrowing of airway space
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