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A STUDY ON THE CHANGE OF AIRWAY SPACE AND CRANIAL,
CERVICAL ANGULATION AFTER MANDIBULAR SETBACK OPERATION

Hyun-Ho Chang, Jae-Seung Kim, Choong-Kook Yi*
Dept. of Dentistry, Asan Medical Center, College of Medicine, Ulsan University.
Dept. of OMFS, College of Dentistry, Yonsei University*

In the study of craniofacial deformity, it is very important that identifying the factor which can affect the morphology and which is
closely related to the morphology, because it can not only improve the comprehension of growth and developmental process but also

be applied in growth prediction and treatment modality.

Several investigators have already mentioned the characterstics of head posture and airway space in relations to morphologic differ-
ence. But it is very meaningful work in clarifying the correlation between morphology, head posture and airway space that observing
the change of head posture after morplologic change caused by operation and the change of airway space after same procedure.

To investigate above correlation, | selected normal group which is consisted of 43 adults and mandibular prognathism group which is
consisted of 47 adults who had been operated by sagittal split ramus osteotomy and were followed up more than 1 year. With their lat-
eral skull radiograghs, reference lines which can evaluate each measuring points and areas without effect of postural change were first
determined. And using above reference lines, change of airway space, positional change of tongue and hyoid, change of cranial and

cervical angulations were measured.
The results obtained from the study were as follows

1. In the change of head posture, the position of tongue and hyoid neighboring to pharynx is more closely related to the reference

line of cervical column than to reference line of cranium.

2. After mandibular setback operation, the airway dimension was decreased to 81.6% of preoperative state at 1 month postoperatively

and was slightly increased to 89.7% at 1 year postoperatively.

3. Posterior movement of tongue plays important role in decrease of airway dimension and inferior movement of hyoid was closely

correlated with posterior movement of tongue.

4. Postoperative anterior movement of mandible, namely, morphologic relapse had correlation with relapse phenomenon of airway

dimension.

5. Craniocervical angulation increased postoperatively. Especially in the postoperative early state, there was increased foreward incli-
nation of cervical angulation rather than increase of cranial angulation. But at postoperative 1 year it was observed that cervical
inclination was returned to preoperative state and cranial angulation was increased gradually.

6. Increase rate of airway dimension was correlated with the increase of cranial angulation from postoperative 1 month to 1 year.

In conclusion, relapse tendency of airway dimension following increase of cranial angulation was found after mandibular setback

operation and it is considered that increase of cranial angulation is one of compensatory mechanism in airway maintenance.

Key words : Mandibular setback operation, Airway dimension, Craniocervical angulation.
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HHL1 : PNSel 4] Ho7}A] 7 2].(Ho7} PNS ZZo)] 1S uj& - ¢
S dS We+ 4y
TV2 : PNSel| A Tve77bA] 7 2.
TH2 : OTol| A ThekA] 78],
HV2 : Hol| A Hv77kA] 7 &),
HH2 : Hol| A Hhe77hA] A 4.
TV3: PNSol| A Tva7}A] A .
TH3 : OTol| A The77}A] A 2.
HV3 : Hol| A Hvs7}A] 7 2.
HH3 : Hol| A Hhe77h=] A 4.
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Table 1. HAVZOA] 47He] 7|ZAl0] Chst 5 XHMI(A, B)Zhol A

=1t 59| fIX| ¥5}

Variables Mean £+ SD
DTV1(mm) 14883 + 14819
DTV2(mm) 12790 + 1.3985 -
DTV3(mm) 20116 + 1.8499
DTV4(mm) 21511 + 20573
DTH1(mm) 20581 + 1773
DTH2(mm) 0.8953 + 0.8968 -
DTH3(mm) 16162 + 16577
DTH4(mm) 16162 + 17314
DHV1(mm) 20116 + 15526
DHV2(mm) 2.1860 + 2.0500
DHV3(mm) 15813 + 1.7283 -
DHV4(mm) 23139 + 2.2307
DHHL(mm) 35232 + 2.2064
DHH2(mm) 10813 + 11439
DHH3(mm) 04883 + 05720 -
DHH4(mm) 0.7790 + 1.05%
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O AFdFH7F A

A2-U(Airway upper level) : Puzoll A Thezk2] 7 2.
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A4-M : Pmacl A Ama7tA] A 9.
A4-L: Ploll A Ala7}A] A 9.
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(5) 2 2H(Table 2, 3)
A A8 & F1H 2pA) (natural head posture)ol] A FA] ¥ o1 }A]
%o 2 W9 AAEIA, QF 7 EA SR AT AT

A A7} 4F 5 EololA B C3u} CAMdl Hls) 7Hd A7

Table 2. d&=olM F KM|(A, B)Ztol| lFH=87E H2| Ha

g,
Variables Mean + SD P value
DA2-U(mm) 02558 + 2.1474 NS
DA2-M(mm) 21511 + 34408 H
DA2-L(mm) 13837 + 16287 w
DA3-U(mm) 03139 + 200931 N.S
DA3-M(mm) 22906 + 3.1438 ok
DA3-L(mm) 15813 + 1.7075 ok
DA4-U(mm) 04186 + 23877 NS
DA4-M(mm) 25030 + 33474 H
DA4-L(mm) 17558 + 1.7160 ***

(U : upper level, M : middle level, L : lower level) P < 0,001

Table 3. F&k=ollM F XpMI(A, B)ZHll 712 F7+2e| =0| H3},

Variables Mean + SD

DAH2(mm) 03372 + 0.3222
DAH3(mm) 05000 + 0.3618
DAH4(mm) 04534 + 04605

5118 FYOIS +EF I SUH T Y ZF HE9 Hsjof M o7

etttk 22 39 E 7IEAAA F7E 5 shgEoldlA
= 7 A = H(flexion) Aol 2143 9= ARRERTE AL
 £3) 2 7AFshg AE <l Z74=o](middle level)o) A A2 7F
27k 74 AA O‘OWD}

T T AA7Y =
<9 7 A%k

oM FF FaETAA A7) d WE 7% WA Mile
C2H & 7|F 08 AR P70 R H7he7 ] 2 33

3) o] Aol A F AAA B)ZFe] T 2
(Fig. 4, Table 4)

X%A]—q-_. Aoz Ay $ FH
£ Fo st o71M 5983 L5 1oy EHT] fle
22 1o A Ztzko] M & W] S23h GFo] H =5 F - Al (exten-
sion) 3 = =(flexion) s Al g ol W] Aol N FIE, F A7
(A B) 7 2 7% 7t o] Aol & B Table 49} 2.

- SN : Sella(S), Nasion(N) 94243} 43 4 (HOR)o] o] F& Z+

T
a.

7AF & 2t

5 Al (natural head posture)

- PP/C2: ANSS} PNSE Q1=

=
FE 4R

- AG2: C24 3t 274 (VER)O] o] F+= 2.

77} 4 (Palatal plane)} C241 o] o]

Table 4. F&7ollM F XpMI(A, B)ZHll F70 & A3 2T %o

Variables Mean + SD

DSN(°) 76162 + 39079+

DPP/C2(°) 277190 + 26554

DAG2(’) 47674 + 41766

DAG3(’) -4.0697 + 39904

DAG4(") -35000 + 36839
- P < 0,001
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- AG3: C3X 3} A A(VER)®] 0] 2L 7},
- AG4 : CAX 3} S22 M(VER)o| o] F& 2.

(AG2, AG3, AG4A:= Zt7h A Mo tlsll 45 7F A AL =91
—% EHFLAAEAS HE R T
371 5711 9] AS a5l sl AdlM S8 ol A Bell A 574
g L% m 70| 7z} DSN, DPP/C2, DAG2, DAG3, DAG4 4.

SEERRE 3
2L £, &F 250l A9 AL 18904 28 Aol
$5 19 052 I AGIN AA2H S TR ANE AL
28 A IS SRR oS 27 24, Mo, IVr

1) A=A (Fig. 4)

Rl AT A AREE A 0] 99 ASAH L T 2Tt
BA : o]¥(Symphysis) Ao A 7} ko & mhatg
BPA :BA oA LAAPPELE Cloll £HAS e @
NPA : N(Nasion)ell A 7] Aol 2] 4-& W= vhd .

YASTEE

O Rd= 9

V(& o F49A) 1 Q28 71522 BE v o] Tvs} PNS Aol
9 7e].

TH(E 9] 43 9)%)) : C22 7% 2.2 §S 1) 9] The} OT Abo] )

72,
HV(2Z¢] 391X C38 71FH 22 A5 W] Hvsh H AL
o] 712,
HH(E Z 9 5 9A]): C3E 7|42 2 31 w2 Hhel H A}
°]¢] 72.

@ 3+ 4=
AG2(7F 12 7tie) : C2A 3} = F A (VER)¢] o] F+= 7t
AG3(7 —Zr 14 7t %) : C3 3} 72 A (VER)©] o] F+& ZtE.
AGA(7 5 34 7t k) : CAM 3} £ 2 A(VER) o] o] & 72t

()R jan=

SN : Sella-Nasion 17474 2 423 A (HOR)©] o] = 7t

@ FA3* 2=

PP/C2 : 7§41 5} C2/d 0] o] F= 25 (SNAT 3 PP 2 3%
Ao Arg FAS] Wl FAEF A=l Aol w3
HE & M SNAoly PPAS 7 i 71EA
BFaRom, S Solstths A wol PP} C24o
FoARE %7H7§—ir AR getith)

(5)B32] 917

BV(BH <] 4 7%4) :BP2}B ARl o] Az,

BH(BH S % #2]) : NPg} BP Ato] 9] Az, T BP7F NP W
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oﬂ 01_2 :5_‘
(6) lEOI(upper middle, lower)si] u}
AU, AM, AL: 2 71&X 0 2 }01 1 H] Aol A of 7
o2 4, %, 5 I 708 Vel 47he
level), AM(middle level), AL(lower level)=
215 S4 3k ThFig. 3).
(7 7= |
AD(Airway Dimension) : 13 4o Ho 2 BEAIE HLE(P
Th, Al Pl o] o] F= gl Ao WAoo WA ZAHS

= 9
o UshikataAFA] ] Planimeter<]l X-Plan 360iE AF-&3}93 th.

4 R

<

1) T3 A4 WA E 9H Aolg E WA Weg
(Table 5)
TR AAE A B A 7% WA Fol(DAD): Ao

(30.46+18.62mm?)°] 71 A F oA = AolE HA



(P<0.001), FH- A AH Aol A Z3
ok 9otk & A AH A 7=
7% ™A 1]-&(NADP)- 94.72+3.02% 9t

rE e
oM,
o
i
i
olX
N
_0,~
_.d >
o

2) FHF AA WstAl T, AF 4% 9 7% HE HeH(E)d
5 /] (Table 6).

T R 7AF 7l Wkl tigh 71 WA Wkl =
o3 A= Abol7 A 2t thet o) 2t v ste} 73
F 2t W3H(DAG2, DG3, AG4) 7ol = ol gk o F a7
(P<0.001) = BTk,

7HE (AG2, AG3, AGH)<]

Sk
I}
P
0]

oz

3

[

+£F J|E B3 SN % ZF 2= Ha e o7

3 PABZ L F9I4 G Aol 2 BAn
LEEREEE
H9 4 TV, HH, HV)ol SloiA) &)

r:1 ik 2 93] (P<0.01)3 o
™ ¢ 88 FHAA R AZ 5 - A YA JojM =

27 sl

® 7% w7

7% WAAD)S) B o) YOI E F 77kl §214 31 Aol
(POONE Hof SRHASZ TN AT HT o 2 202 1}
gt

DPP/C2  DSN DAG2  DAG4 DAD  NADP

°AALMA A% 78 TAAF AEPI)E Ade D2
DSN

Table 5. ZARZ S5 RHM WstA|(A} BRHM) 7IE mx xjo|  DAGZ 03 D77

(DAD)S! 7|5 B w8h2 (NADP) DAG3 03603 -07411% (09746" 09564

Mean + SD DAG4 03663 -0.6549™ 09062

DAD(mn?) 304627 + 186263 DAD - - - -

NADP(%) 94.7232 + 30245 NADP - - - - -0.9397+
P <0001 *:P<0.05 *:P<001, *:P<0001

Table 7-1 HATT SOIHEST £ Aef b,

a0

Table 7-2. Y471} SIATEST =% 1Mo. HEH H|W.

Variables Class Mean + SD P value Variables Class Mean + SD P value
SN() co 6.4826 + 36168 " N co 6.4826 + 3.6168 -
PT 2.7872 + 58568 PT 35319 + 50362
PPIC2() co 91.7616 + 6.3805 » PP/C co 91.7616 + 6.305 NS
PT 88.0851 + 6.2938 PT 90.2447 + 6.9859
AG2() co 44070 + 56265 NS AG (60) 44069 + 56265 NS
PT 45638 + 6.6297 PT 56808 + 6.5619
AGS() co 7.2907 + 50424 NS AG3 co 7.2907 + 5.0424 NS
PT 7.2872 + 56748 PT 86489 + 5.75%
AGAC) co 8.9593 + 5.3749 NS AGA co 89593 + 53749 NS
PT 9.8723 + 56284 PT 11.1170 + 55738
TH(mm) co 439360 + 7.0011 NS ™ co 439360 + 7.0011 NS
PT 46,0426 + 6.0960 PT 41.8510 + 55363
TV(mm) co 11.8023 + 3.98% " v co 11.8023 + 3.98%4 NS
PT 145957 + 47772 PT 13.1914 + 4.6409
HH(mm) co 54.6744 + 56118 NS HH co 54,6744 + 56118 NS
PT 54.7660 + 4.8250 PT 54,3829 + 55297
HV(mm) co 18.8023 + 8.0613 NS HY co 18.8023 + 8.0613 NS
PT 16.6277 + 7.8250 PT 19.1808 + 8.9784
AD(mITY) co 575.7407 + 120.3654 o AD co 575.7407 + 120.3654 NS
PT 659.1532 + 119.0641 PT 540.4106 + 123.6953
CO: AA+ PT: A #:P<001,*:P <0001 CO: AA- PT:1Mo. P <001
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ou 04{4'6‘1 AATFE T 7H2aE A (P<00D)E E T} 3kA
uh E7) AR (PP/C2) R A% ZHE(AG2, AG3, AGA)H A = F 77
o T°r°1 A e Aol 7k tEhA] gttt

@ 3t A= 9

ot Az 5 - 4 SIA(TH, TV, HH, HV)el
2] 5214 %”ﬂ]ﬂﬁﬂq

@7

E@”@mﬂ“ﬂﬁow% EE70 4% gayol ¥

7k -9 2k= §lsdTh

9014 F 2

A7 AEH Q] F
7}_ HMJ% I A]?@oﬂ AN E AR TE 7Ha A (P<0.05)
At} £ AZ(PP/C2) 2 73 7= (AG2AG3, AGA)d A=

T%ﬁﬂ #9123 9% 2ol 7} LeRbA] ekatet.
39 Aol £ - 54 9A(TH, TV, HH, HV)9] gloiA ¥
2 $o 4 = 7

@ﬂ

@ﬂﬂw

o
=

Table 7-3. &1} SIAMESE =F 1Yr. B H|u.

2 AI7I(&d, &% 1Mo, 1Y)l

1) 7 A7)0 2 o) 404,
(1) %713+ 23 1Mo.7+9] ¥ 5} (Table 8-1)

Sk E@M%%@ﬁﬂ@%%%nEEﬂﬂbmﬁow
A% 7} (AG, AG3) 991 Z7HP<005) Z, AW7AALE
=9 7JrJ_(PP/CZ) 270 )8 =3 Mo,

>,
)
. 2
of
\I
’-B
A
o
5
rﬂ
>}L
|o
il
°
fuj
i v
_E

@619}* 1%1
=5 IMo.A7]e] 3¢ FHo g el fHolFo] TR oH
(P<0.001) 1.9 & o] ApiolFat A=9] ahiolFol HAHJL

3 g0l BE #47 An
®8%4

ol S A2 BYY T2 o) 5ol AL
@ AFAFH A

|

Al E}kkﬁ}-

Table 8-1. =81 =% 1Mo.Zt2| ¥}

Variables Class Mean + SD P value Variables Mean + SD P value
N co 6.4826 + 36168 " (DYTV(mm) 14042 + 2.8449 b
PT 4.4468 + 49180 (DL)TH(mm) 41914 + 48973 e
PP/C2 co 91.7616 + 6.3805 NS (DD)HV(mm) 25531 + 5.1785 *
PT 89.5744 + 6.3271 (DL)HH(mMm) 0.3829 + 25435 N.S
A co 44069 + 5.6265 NS (DDAG2() 11170 + 42017 ¥
PT 43191 + 5.9804 (DDAG3(") -1.3617 + 4.3360 ¥
AG3 co 7.2907 + 50424 NS (DDAGA() -1.2446 + 52428 N.S
PT 6.8191 + 50221 (DD)SN() 0.7446 + 38699 NS
AGA co 89593 + 5.3749 NS (DL)PP/C2(°) 21595 + 50541 "
PT 9.3617 + 4.9647 (D1)BV(mm) 1.0000 + 1.8474 ek
™ co 439360 + 7.0011 NS (D1)BH(mm) 7.7765 + 2.8605 i
PT 43,0638 + 5.7800 (DDAU(mm) 44255 + 50744 i
v cO 11.8023 + 3.98% NS (D)AM(mm) 25510 + 2.1439 i
PT 134787 + 5.01% (DD)AL(mm) 22234 + 28126 ok
Y co 546744 + 56118 NS (DL)AD(MMY) 118.7425 +725353 s
PT 540957 + 4.7772 NADP(%) 816127 +11.3367 ok
HY co 18.8023 + 80613 NS DL: 7} 8o tha 27 bEl 255 Mo bl 2
T 179042 = 80146 1 P<00, # : P<OOL, * : P<O.0L
AD co 575.7407 + 120.3654 NS
PT 580.4531 + 112.4209 NADP = 1YrAHe o] AD %100
IMo.AHE} ] AD
CO: AA PT:1Yr ®*-Pp<001
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D/Lol-_._ =3 t!io/

oZ FEOIE TEF JIE SUH FH ¥ EF F=o| Hato| 25t A7

Table 8-2. =% 1Mo.2t &% 1Yr.Zte| vis} Table 8-3. =81} &% 1Yr.Zte| Big},

Variables Mean + SD P value Variables Mean + SD P value
DTV -0.2872 + 2.7578 NS D31V 11170 + 3.1019 i
(D2)TH -1.2127+ 44839 NS (D3)TH 29787 + 54373 b
(D2)RHV 12765+ 4.9965 N.S (D3)HV -1.2765 + 47121 NS
(D2HH 0.2872+ 2.2403 N.S (D3)HH 06702 + 19203 ¥
(D2AG2 13617+ 4.8226 * (D3)AG2 0.2446 + 4.8665 N.S
(D2)AG3 18297+ 48625 * (D3)AG3 04680 + 50199 NS
(D2)AGA 1.7553+ 5.8028 ¥ (D3)AGA 05106 + 53613 NS
(D2)SN 09148+ 4.3630 NS (D3)SN -1659% + 48185 ¥
(D2)PP/C2 06702+ 4.9926 N.S (D3)PP/C2 -14893 + 45102 ¥
(D2)BV 04148+ 15119 N.S (D3)BV 14148 + 23850 hid
(D2)BH 13191+ 13122 b (D3)BH 6.4574 + 30428 hid
(D2)AU -14893+ 4.8973 * (D3)AU 29361 + 53686 b
(D2)AM 09574+ 1.8905 ok (D3)AM 15936 + 2.0224 b
(D2)AL -1.1276 + 2.9088 ki (D3)AL 10957 + 27359 b
(D2)AD -49.0425 +58.6479 ok (D3)AD 69.7000 + 65.7618 b
RNADP(%) 1114366 + 15.2761 b NNADP(%) 80.7680 + 9.4028 b

D2: 7} 350 theh & F 1Mo el gh-e 5 LYr ek D3: 7} ol that A B-2 5 1Y el

*: P<0.05, * : P<0.01, ** : P<0.001

1YrAbe) <] AD

RNADP = — ool D

%100

(2) 3 IMo.9} % 1Yr.7+¢] W 3H(Table 8-2)
j

© A % A% 7t

*: P<0.05, *: P<0.01, **: P<0.001

_ 1yrAE 9 AD

NNADP = M0 }512) AD X100

ERALE YE oy I 4 A4l Al
@B

o] 717+ Eot A% 7HE (AG2, AG3, AGA)= THA] 7H4(P<0.05)% FZo s A2 BHo] Ao E o)EH A0 Z Vel
A2 Yoy T 4 & (@SN)9 F71E Bol 4T 4 k.
(PP/C2)+= IMo.8} 1Yr. kol f-214 Sl Zhol &= fldth @ AFAFHT A
@3}z A %ot goldl M EF FAA e AAE ot 1 g2
=5 IMo.ol| Hla) &9] A7k ok A - o R FH ol AH SR WE e 75 A0
T RO R A= 1 st frof Ak /I3 ® 7= w4
®BA 71 MA2 &% Vo= fo4 e #A(P000D)E B
BHo] &% 1Mool vla) 1Yro) Ao 2 o] E(P000L)sE e om 1w &> 897% LS BT
H FALA = Fo s WEE il
@ AFATH 7 Az 2) N71(£ 74, WMo, 1Yr)ell uhE 7t AlS3] W shgrhe] A
b a5 Zolol ) BE A - 37 Ag st 27} 8= Ao () A=) % - 54 wsgte} 7|E WA wshse gy
Z et (Table 9)
® 7)% \H O NADPHDHV : ==l th ¢ IMo.uf 7] & 2] & H] &2
=5 WMol Hlgl 1Yr.A 7] #2]4 $l& 5 7HP<0.001) 5 K. IMo.oll A 1Yr.Abo] o] A5 Aol &3t oA (r = -0.3117) 7}
om I HE2 1114% 4= B3lTh ATt
@ NNADPSHDI)HH : =& Aol thah 1yrm o] 7]= |7 v
@) €43 =5 1Yr.7ke] W sk(Table 8-3)

O FH R AF 4= Table 9. d= 2| ¥ - 2| B3} 7| A HstE1to| duty.

A% 712 (AG2, AG3, AGA)S] £-94 9t Wel= glo Tl (DDHH  (DYHV ~ (DHH (D2HV  (DIYHH (D3)HV
ZE(N)9] 7tz FHAF 2= (PP/C2)7} 5 7HP<0.05)8k= 2 NADP 03117 -
© 2 Yghydth NNADP - 40.2920
EEEESEL) RNADP 0.4411%
&1 9] $odiol o] sk vegten, A3 $HbolF o *P<005,™: P<00L
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¢

5t o] A719] 4F Tl B2 & GARBA( = 02920)7} 9)
AT

@ RNADPSHD2)HV : IMo.o] tha 1Yr.wje] 7% W2 =714
3} o] A1718] AZ Aol skl A = 0441071 A

o

r

(2 89 %
(Table 10)

(D NADPSHDL)TH : =& &l th3k IMo.1) 7] & 2 9] ] &2
o] A7) & ¢] FHpol 5t A AHA(r=-02928)7} 3l AT

@ NNADPSHDI)TH : =& oll th3h 1Yrmf 7] |2 vl &2
o] A7) & ¢] FHpol 5 /¢ (r =-04041)7}F A Th

c ] WSk 7| WA HshsHe] A

oX,

Table 10. 5|2 4 - AH35Ie} 7| HA Hslgnio| ATty
ODTH (©DTV (DJTH (D2TV._ (DITH (D3

NADP 02028 - - - - -

NNADP
RNADP

*: P<0.05, *: P<0.01

Table 11. B H2o| ¥ - %] Biset 7| HA vistE1tol iy,

DOBH (DLBV (D2BH (D2BV  (D3)BH (D3)BV

NADP - - 0.2922 - -
NNADP -0.3700%
RNADP

*1P<0.05,*: P<0.01

Table 13 4 - | - BAo| £ - 5 wsiaizie] A,

@ NNADPSHDI)TV : sF 4ol gk 1vrd) 71% WA H]&2
o] A17] 81 9] Agurol s 3t A FAAA(r = -0.3548)7} A KTk

() B 3 - 2 Wske 7|k WA W
(Table 11)

© NADPSHD2)BH : IMo.ol| th 3t 1Yr.¢] BY A o] S %3} &
Aol e IMo.9] 7% WA ] & 7hol = A (= 02922)7h
A4k

@ NNADPSHD2)BH : IMo.c] th 3t 1Yr.¢] BY Aol E 23} &
ol thgh 1Yr.e] 71% WA v &bl &= AF33A(r = 0.3700)7+
AR

Yoty

s}-& ko] A

Table 12. BE 9| 2|70l thet M=2 5lof +H - 2| |2

k.

(ODHH (DL)HV (D2HH (DHV  (D3HH (D3)HV
RDBH  0.3026* - - - -
RDBV - - - - -

ODTH (OHTV  (D)TH ([DTV  (D3TH (D3)TV
RDBH - - 02047 - 0.3348*
RDBV
rDEH = —OBH o g g e
RDBH = (O0)BH B9 ¥ A&

(D2)BV

- P<0.05

DOHH  (DDHV

(D3)HV

O)TH  ©LTV  (©OQTH OV (OITH DIV

-0.6844% 02979
- -05715%*
0.5260*

04929 04322

0.3662*
- - -0.3339*
0.3695* -0.4580+*

0.3249*

0.3460* - - - 03143

0.3085* - - - 0.5067

-0.3116*

0.3793*
-0.3307*
-0.2903*
0.6279

-0.3873
- 0.5267*
05728 0.3531*

05338™ 03720

0.3412
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o
-

o

@) BH 9] 37 &l that A3}
A (Table 12)

© RDBHSHD2)TH : IMo.o t 3+ 1Yr.9] & Awo| =2k} BH
9] 37 &3H= A (r = 0.2947) 7} ATk

@ RDBHSHD3)TH : 1Yr.oj 9] 3] 43 o] gﬂ e 25
T5 B3 3 AEE A VrepgtHr= 0.3348).

o %3

o‘:].

E

shpe)

o

O) A=, 8, B39 % - £7 st AFad(Table 13)

@ (DYHVE} (D2HV : & o ot IMo.o] A& shilo] 523
IMo.of| gk 1Yr.o] A Aol g eFzbell = A o] AATHr =
-05715).

@ (D3)TH} (DI)HV : =4 et 1Yr.9] & f‘fﬂoliaﬂr 2
A719] A shiolE @7kl A = 05067) 7 2

rf&
0

t}.
@ (D2)TVe} (D2)TH : IMo.oll thet 1Yr.2] & )] W slol| A 3}
Hho] 5k} A ubol F 3k 7ol = AF Al (r = 04889) 71 U A T

Table 14. BN, MZ & ¢Ix|2| &l7g ¥ 7|2 A wglg7te| ATk,

5118 FYOIS +EF I SUH T Y ZF HE9 Hsjof M o7

(6) B3, A=, 3 A9 A& % 71 & WA WM& g
A(Table 14).

(@ RDBHS} NNADP : Ao tj 3t M09] B4 ffmo]%%kr)r
IMo.o| th3t 1Yr.e] BH Aulol &
£)& &3 7= wHo g3t V= ﬁao ] & 3} %ﬂrﬂﬁl

7} 9120 th(r = 0.3208)

@ NADP£} RNADP : <=4 o3l IMo.7| = |4 H]-&-2 1Mo.

o that 1Yr71 = W3 Hl&3 974 Aa3A 7 Atk

) FAAE 2% We 2 7% By wekerie] Ja)
(Table 15).

O NADP2} (D2)SN : 7] thgt IMo.¢] 7]%= HE A&
1Mool T 8 1Yr.8] 7} ZHE(SN) 27}t a7} =
0.4499).

@ RNADPS} (D2)SN : IMo.ol] th &t 1Yr.7| = W2 27183} 7+
S A7 TN A kb a3 A 7 QLA TH(r = 0.3779).

® (D2)SNH (D2)AG2 : IMo.o] th &t 1Yr. 57 7} Wi s}o} A2

RDBH RDBV RDTV RDTH

RDHH RDHV NADP NNADP

RDBH
RDBV
RDTV
RDTH
RDHH
RDHV
NADP
NNADP
RNADP

0.4206*

-0.3208*

0.5204*

-0.2966* -0.6952++*

(D)TH

- RDTH= - RDHV =

Table 15. Z} A|Z7|(&H, 1Mo, 1Yol 2 FIH-AF2E

- RDHH =

(D)HH

(DDHH

*: P<0.05, *: P<0.0L, **: P<0.001

st 2 7|=HA BislE7iol Mukd.

==

(DDSN (D2SN (D3)SN (DDAG? (D)AG2 (D3)AG2  (DL)AG3 (DDAG3  (DIAG3

(DDSN

(D2SN 0319

(D3ISN 10000 0319+
(DDAG2 03711 . 03711
(D)AG2 . 0.4500% 04251#
(DIAG2 03274 03429 03274 04421 06239
(D1)AG3 - 09325 03468+ 046147
(D)AG3 04312¢ 04301 09591 05713%  -0.4089*
(DIAG3 : 03603 03801 06295 09520 04676 06153
NADP : 04499~

NNADP -

RNADP 03779*

*1P<0.05, *:P<0.01, **:P<0.001
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ZH (AG2) W 3k ok kA 7 9 9 ek = -0.4599).

@ (D1)AG2¢} (D2)AG2 : &4 ol| i 3t IMo.¢] 745 7} 1w 3}¢}
IMo.ol| thet 1Yr.e] A3 7t W akob= AT A 7F QA THr =
-0.4251).

F o oM TR NS e A WdH A5 E4S
Sl A91A ] Fepsirt 7hss Aok AT el of
g olEl S Baf £ o U2 A5AAE 97193 kg dgo
2, 8h o] 43S FE 24, T duo xpo] 9 B F AHaA
S e 8AES 2% AFEC] o] Stk o2 g HellA
TR Fejof TR AAY, TR A 9 7 F7He, T
7|E ¥ FAE R desnzie) As AdAde tis 1%
O B2 B} YASL BRo|, o5 A7 2459 AH
AL FAo B AFE Ul o8& A A3E Solows
59 o SR AT 23 B, & FAAEF 4RI A2 A
o] glof stetzol AEHE A SHI I W Ve ¥
7ol #AE I, v 7991 FAHAF 2t 2 Akl oA
E skt AAE L A3 etz FEHE e 54 ¢
Al 7% g7ke] Fob S5 Age] Atke 715H U o] #
FET S, ol FE 9] Aholo} FH A, 7= T2
ol & AR o] dths AL FRASZ 5 Aot

2 AFE ol#st Jej o] Apo|(difference) 7t ot F&S 53
of71 ¥ Q1914 <1 P o] Mshchange)® 7 AAIU 71E T2
o] stel YH 3 ARA o] JE7tE Ht st aAE Aot

$A o)E 82 & FN R FE, 7= I3 FH AA 7
AAA S Gofrr)o] $M A7) Q259 H7h o] HY o
o 3l e o] & Ay HE v Pk

ANAE

2ol Wak TR WY ASHE N1 F0E Aol
RSHEE o7re) AWt FATG] 4= A9 G
2 ) gok ARt B BliL7t Gol st o714 Fejeta
A9 278 LY L2 Fol2, B ATNNE 5

=l

M
ol

ot 19 rlo
é’.‘:’.ﬂllﬂﬁ

THols FE Al Aol BR T E o ASHE
stehze] A /dahd 912 MskE SA st
FHA 2400 FH A =, FAA S} 4] BAE e
U= F5-9] %] (head position)o}= B w5 = 7@ 0. 2, Coledo] F
WA ¢k 73 3 (cevical column)ote] #A 2ty g rg sl om o] 23t
MAOE FH 29 ol b E FEjoke] Aol thsiA
I8 B2 A7t 9lo] Lo B, TR A s SE WA

Ao A o] FA N AN 7t = F7) 733 ZHE (craniocervi-
cal angulation) 2 574 3t Zlo] UnbAo|th Tejuf # 3o t gt
FAZe AAE I AR FA L0 GEE HOHAM e

o 7l G2 FE LaRE YN IF EH, A
g A7 P 77h 9 =9 o] 7] 7 (feedback mechanism), 7] &%
e € T ATUI ol50] BT AP ol F= HEolAM vl

o= =
st o] 74 ol Aol ATk T A4S ARsE WY ES

=

Of
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ol 2 Cook 523} Solow 592 H9lo] L7l &34 H
(self balance position)¢} AHre] AL&S Eutg FAet= AHe
(mirror position) = W A vl s B A AES FAISE 735

o

4

FH7E o 2~ H WA B A A wEk
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O F JEgTh B Vig 52 B3 ), A7) 5 Al 3 F7EA
o] 295 I 24 dis FF AAE vl A3
T8 Ade 739 I AA S s AlstEA R A A
AN 7% F2he R E YPoRE Hete A
ATk & A Wl H 23 Fellvang™e] o1 o]
ol vlal] Welell A= T 244 o] o) (variability) 7+ 27 3
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