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=2 29

A3 Bz7ist AM FHo #¥® AFE BA7A Halo vest cervical orthosis
a8 Al 7% TZre] Aol disiA FHA AHA A wE 87 FA EHHE ol
8¢ A7 F(Richardson ¥, 2000; Mcpartland ¥, 1997)¢] ATk 281k HF4 B
Z717F AAA AL FTAHA A AZA, AAA, A FAA A AN Y
olit ¥F 23 B9, ¥F H&H disty d7E vie Yok TYER B d79
E2x& E3] A4 Philadelphia collar®} Z¥-9] 2o thaf A# BH7} &
Minerva cevical orthosis ZH-8-%F A4 AAor FAHA M FHA AAM #A
AALE ANPE o 24 A0 Fag 7 AAQ AGA, ARA, A8 FLA
o viAle AES &F =4 TY, ¥ ASEE AFHE AYRux .

A 7% ool gln oJHY JI1FFHo| gom, ¥t AY@AAY Tl
1.0 oo, 4 Ee Tx AZAAd W] g, 3 BAFY 71%¥ol
e 21414 294 Atele] A4 AHA & - 30%& AR 3.

olE WHAE FH A &4 7)(Computerized dynamic posturography)e] ¥F
91 EquiTest®(NeuroCom, international Inc; USA)@ ©]-83ld] B=7| n) &4 A)¢}
Philadelphia collar 28 A}, Minerva cervical orthosis 2§ Ale] 2+2Z 242} A
ZA}(Sensory organization test)®} &% £ AKMotor control test), A-8-¥ A}
(Adaptation test)§ A3l HF HY H, BA FHY ALY, HY A+ F
& §43 ool we} b g AR A

1. 22 AA AL A9 A 2HA], AFA, AY ZdA e ZE AY P g%
o] Had HH FF(mean equilibrium score)e FAHSE FAF 2|7t AN



2. A (vestibular ratio)9} A]ZtH)(visual ratio)oll A Ztzte] W] A-gAjd 7%
A AY%& B A 7l (somatosensory ratio)s} Al A€ u)(visual
preference ratio)] M RE7] 24 ofRo] ME o] & Aol® HolX YT

3. &% 24 A 2 AW olFolY T o|FA A& Ry NAE Ay
27te] HE7] AN BF B o] cEZoZ MMM UEgAR BAYS
2 #98 Aol g

4 LY A} A3 AgAe) vlgo] AW A%E UYEio ¥AAoE &
A% 439 ZAE MolA ¥ttt

2 A7 29 A3 &4 73§ Aoz $# ALEHE Philadelphia collorsh
Minerva cervical orthosis7} 20t} A4} A<l& HAC 2 ¥EA|Aoz RAF 44
£ Holx RRAY 1A ¥E4E FYo| WoINE A AT qm=
A2 RZ7) H8 A FE 29 AYoNE HYol DY Fug IA nANA R
olE W RO ARG 1} AR BEr) Fgo] YRY AVt RBRE 1Y
oA, AR &4 BAYE LA B o $F oo U AAHA A7 ¥
2% Rez AmWT:



1.4 &

1. 272 uig

48 JiEhe 196089 o] F&4¥ A ATFE ol FVA AdA, LFAIL, 2
Fx &4 ol F43) F71slxch o shedl ¥ ALY 0% oldol AR &4
BAEAM 33 24 R €7 820 id SRk A%E Roln UTHAAR,
1999).

A& E&A Ao Age A3 Bz (Cervical Orthosis)e W9 FA® Z33
o EE& FAAFIL 59 A& ANt AR 229 A /& HIANI e 9
& SRR A DEIE W ATEU AE A5 F2I ALERL, AR
o] WA 71He Ag We] me} Fglo] AMEY fith(Alberts F, 1998;
Chandler %, 1992).

Ad Bz7)e A5 FAY g A Age A9 flou FAH AH& A
283 ALzo] YA Bo| AR5 Thomas collare} ojef e} EFRHE 143}
o] Thomas collarit} 7339l &% A HZ7t & Philadelphia collar?} Att.
c18}e)), Philadelphia collar®th 33 1% A7} % Cuirass orthosis, Minerva
cervical orthosis7} 1o, &F A =7 7HF & EXVE2 FAFE o=
nAHn FANS} APd, ¥4Y TAHRE o83 FAFE 7SS Halo vest
cervical orthosis7} UATHA XX 5, 1990; Johnson %, 1977).

A4 A Bale) A Aol & Halo vest cervical orthosisE ZH-gA17] ¥ B3
& AHRE gYFo R ¥ Fojrt velhvte AL #FY 5 [l ol A4 Y
Ag AR &4o8 AP 28 A3t L 7Y Fae Az A4 198 5+ A



o, ® T8 o|R 2 REV)d o3 A7t nAHo BE 7¥ FAd Fojrt A
Aths JF Bavt lch(Richardson ¥, 2000). ©] & A7) J3d RE7E 4
£ A¥, ARY 3Yo] APVH 2HY Ae I{KFEFT7E AUE o
& =YY = 3, Wel(lnner ear)e] A% 7] #(Vestibular apparatus) HA] 23
& Al AA @¥ow, BEr) FAR QY A Fiol golAEE AAE #A
e A% REZV)7 $AAQ 9%4 o Bk

JAN7F ¥AolM TH& FAde 8L 44 4% F3A& F9HAU 27, 2
Bz o8 712 Ad& sdsted @5delty. A R TH WL A, By
1z a8 ZRHFELZLZRE Y AFo] FRAFAANAM MeHo SEFHA Y
£32A7 Ao A3 o] FAAA Eri(Lephart F, 1998). o AZAL A FK+43t
Zto] WE Yodle AW &, vigo] oA FFAY AN F8Y JY
& 37 =Hol £& A =9 FYol AN gaA drkn ¥k iAo A
Zta Lfe8dze]l ad¥H AAR #fAdeH T8 FRoes AAMNHIL Yo
(Diener 3§, 1984). 8% zt& $£4¥ A7 F9 Wd B2 &g 43X Ha§
AAEA Hed MG afeE0 7o 4gIE Rt 2Y& RAde
b & J%® 3A ¢ o3 $f(Nashner 3, 1990).

T8 S B71ee PHole Caloric test, Galvanic test, Nylen-hallpike maneuver
test, Get-up test, Stabilometry, Fukuda’s stepping test, Postural stress test, 1.2}
#wA Fol Jed, o F AFFHoZ Wridle WHoEe AN FA T4 EE
48 A& A8t A AF =G wP3e FHAAME A7) (computer dynamic
posturography)7} HZ ®o] o]$33 $ItHAlund ¥, 1993; Monsell 5, 1997;
Renaud 5, 1998; Shepard, 1989; Wolfson %, 1992).

A7HA]) FH FEFE Fr 80 A ATE GFEA oA UG 4



Hol F/HEFF Azte] 7Y £yFY zhho AP 7|Athe A7 (Bohanon
B, 198471 on, AlzZrg AdEAU Azte JuE APPozH AlZe] 4¥
ZAd HE Y& FeAod BF A74s AAEJH(Doman ¥, 1978). 1y}
AF AAd& G=2A 3o 1Y 7@ 715G MY #4G A& e o¥
e el FA® W WoHDi Fabio F, 1995).

A3 BE7)9 AM FY BdE AFE ¥A7A Halo vest cervical orthosis
A8 A 7% Fzte Malo] A AAA HAF HEA ¥ w7 4A WY& of
2% AF F(Richardson %, 2000; Mcpartland %, 1997)¢] Aoy A3 B=27)7}
AR A st FAHA AAMAA ANZHA, AAGA, M F4A ) wXe Fgolt &
F 23 59, % H4Yo gty A7 nle gk 23EE E dFdqMe &
3] A}4-5E Philadelphia collars} 7%¢) $2¢le] ths] A§ A7l & Minerva
cevical orthosis A&3 AN AANM FHA AMst $HA A £ HALE Al
P& o ZAA FRO FaF TG AAD AGA, AGA, A FAA uNE
st ¢% =3 Y, ¥ A4YS Aoz AwRnx @k a8n A9
23 AR 22AQ& A APLSFE D/FEAL7 nAs FPo] AW A
¥, BE & BRA Rx7] A4 HEAl ag] Alge]l ¥ 5 slen, HYg X
U3 Y4 AR T2 5 T8 AAE dold TheAel vzt fEd FAE A
el ® @2 2 BRuAF nidta, f4A dolR bAA =8 FH& MMe
dlo] thE o]&A wiR@-& vtdsnA ¥t



2. 7ol =5

£ dFs A &7l F 43 14 A=t & Philadelphia collarg} Minerva
cervical orthosis# A& H[& o M T¥ KA HF I/KFE7471Q0 A4,
AAEA, M4 FZAC A e S Yolny, 1 AP EUE A3 &4 g3
ANA Bx7] He HEA 712 A5 F AT, LEy) 338 @A 7Y 44
of ¥ Fo# AABL BF& N3 AR AN FYo =] Huxl .

ol# HY AR AF W& vhEy Pl

1) ®%7]) u] &8 A, Philadelphia collar & A)$} Minerva cervical orthosis 2
£ A A7 AA vXNe Jrd dopet

2) BZ7) v A4 A], Philadelphia collar a}8 A]$} Minerva cervical orthosis 2t
€ Al &% A VX e A=d golET

3) Bx7] u] 28 XA], Philadelphia collar 2}-8& A2} Minerva cervical orthosis 2}
£ A F Y A& =& Yol

3. dt9l 7t

£ 479 & ot @

1) Philadelphia collar 28 A]2}, Minerva cervical orthosis 218 A] ol R =7)#
A-gola] dsk& ool vl AldASG WA, AY ZFHAAT BdAMA Jg&
o3 Relgh

2) Philadelphia collar 28 A]2}, Minerva cervical orthosis 28 A] ol B X7 ¥
831X k& ol vis) 7t AR QA &F FHo] ol Aol

3) Philadelphia collar &8 A]2}, Minerva cervical orthosis 2}§ A] ol§ RX7|#
A-g-812 A& Wl wis T A ¢ EFol Y HEHo| "o A
SEE



O. 94+ 94 2 4y

1. o7 7|2k

AT 7|17+ 200138 49 299F-EH Fd 49 6A7HA ov] Y-S 3|, 2001
4¥ 169 %E B 5¢ 69714 £ A¥§ A

2. AT o4

A7 gL AR 7% ool R3, oFY J4Eo] glon, L AE (=Y
Alg EFe] 1.0 ojyelil, F& B L AAA Wyl glon, M B
Aol 71ggo] gle 214 1AM 294 Atolel AR 49 & -] 30F& L2 3N
o B 9L uMHen, g2 189, G2 12902 QEEFo|r) 281U

2. A9y

AT thate]l RE7)|E A831x @& R, Philadelphia collar§ 2H&% =37,
Minerva cervical orthosis® #8£% Z@stolA  FHAM &3 7)(computerized
dynamic posturography)$] EquiTest® 502 System (NeuroCom international Inc.,
USA; ©]3} EquiTestz} oF%h)& o83t 7zt MAe 238 A¥Hoz Y3
th. 4%l AM4-E EquiTestt A|zZtAoz A¥& 4A%e A4 JdAHN7 A% F



# ¥l 7% ¥ (visual surround), FHA} & dojA wf A& YAy HP 2HE, AL
A2 AL F UE w¥(dual force plate), F#e FTAYL FY3}= WP,
aga AgE EN3te FAFEZ olFoA JYch2H 1).

1%. 1 EquiTest System component

-6 -



g oM FYol Y& @ F e A 2A% PAYH 2Ag A2H
7] §13 AP LEF 2 - 5C, FEE 50 - 60%2 FAHRL BFLe uE
A BeEP o, Age] gol2 A AAol# WA fge Wz ANHAT
a3 AR ARAY Jled A% HARY A Hutz s Bge] o
Be BA BRI, FEe BFE 74 B ¥ Y& FE 24 A8§ Jan
.

A% Al EquiTest ZAlo) D3] 2§ RFoz WAL 24E 017 98 2=
718 2884 e Aeist Ao BEV)E AR JHM Zz 184 g &
d4 vk EY BE7] wl AL 2], Philadelphia collar 2}8 A), Minerva
cervical orthosis 24 A1) A 7}A] Ze| thste, AL @A) TE AL BY
o] tHE At ulAE IFE WAy i H Y AY P (atin
square design)P¥e] wte} &A% At AP§ AYIHHE 1).



® 1. Latin Square Design

Minerva
cervical orthosis

Order of experiment

Philadelphia collar

Normal

Subject

10
11

12
13
14
15
16
17
18
19
20
21

24
25
26

27
28
29
30




AY UL Bx7] v 28 A9} Philadelphia collar 248 A], Minerva cervical
orthosis 318 Al ZtZho] i 23z} A HAl(sensory organization test)$} %
Z7 ZHAHmotor control test), 2834 IAl(adaptation test)@ A2}

(1) #ZAAA HAF

4z A FArAte dg 67hA 23§ 18 2024, 2t 38 wHE3le FARIR G
(¥ 2).



— Visisa Supput Prsiamt (ngirnations
g Normal | Fxed Stand quisty
w with yous syss OPEN
@ Abuant PFixad Stund quisly
with your eyes CLOSED
] SwayRaf | TFlead Stand quistly
with your eyes OFEN
Nomual | SwayRei | Smnd quisly
W % with your syss OFEN
Absant SwayRaf | Stund quietly
Bl g i with yeur vyws CLOSED
SwayRef | SwayRef | Stwnd quisily
“ @ i s with your eyss OFIN

a4 2. Equitest system and six conditions of sensory organization test
1) w3 F4 wWFso] nHEY FelolM v& =0 A UA Wk Q) wEy 39 WA
ol nAE AeidAM & Fx A WA 9ok (3) ddel 1A Y ’al'ElMl_*‘] T& E3 A
AA i =9 i RHE ALY @) FH WAl THE A w& = A UA
8bal, W¥h-E W3E WY 7|¥d (6) ¢ AZ M UM sn, wHs A2 s
58 71&de (6) «o& =1 A A 83, F4] wjAee] EAo)q, WHg YR vlX
8 71&d4-

_10_



#el 67k ZAA F9 F4el ¥Fole A& FAG BY A+ TIA
o A e deEeAe §9 F4ol Eede A4 HWFo 125=(HY 6.25%,
¥ 625x)0|th 2 Zbo] 0=l JHF HAE AHEA 1003, 1255 Holxy]
A9 JelzM 0% Rt 28 1€ T§ =X A YA YoZN Y&
Fed 98 ANDA, AFA, 281 MY FAAS Je& 3¢ 28 2¢e
TS A A A o2 Al BRI gle Y o AAALL ME ZEAY
715 € #A¥ 21 3L B4 =3 A QA 33, FH iEEE AYLEH
B2AAE A2z A3 (sway referenced vision)& & o, o]& FAs AAA S MA
A& §AYTH 21 42 o8& =3 A A A, du& AR ¥AFY 7
EYo2HN BAFY M4 7t (sway referenced somatosensation)o] F0]F W A
A9 AAAR o83 FY & FAHeA AW} 28 55 £ T2 A 3
A 3L, GUE R H2E3] 7RADeZA NG FEIE glol FAHAY AN
22 ol A AR re& P T8 62 & =1 A JA Fx, 9 )
ZAdg Ao, ¢BE FAE WAF J1EYoTH BRAPY A g M4 3
Zb el HA Jle& SV 2Y 39 6, FL =Y 69 o TR &4
o FRFOE AWM ojAFF YA UEld 4 Ui(Black® Nashner, 1985), &4
2, 3,5 69 ol APAL AN FAAL Fofrt Y& W YEdTH(Nashners}
Peters, 1990). HA3A 223 AARGA T FHAAAAN o] A& W T2 A
A AAME A8 24 7189 olde]l v 4 ArhHorak F, 1990). = 4, 5, 6
o] o2 A #BAAY Flrt A& W vehdohHamid F, 1991). = #9 67}
A 2dM U g ol83ta], -3} o] 471x)9] 7z} §4(Sensory analysis)
& A3

—11_



7}) A7 ¥|(Vestibular ratio, VEST) : AAQA 9] 71%-& AA87] 93t =3 59
WY A-® 22 19 ¥y F5E e Relth § T4 AR Ao gl B3R
% A FAe] =84 FY HAE At AAAE o83 FEE A
ROJtHVEST = 15/ 31).

w) A|ZH] (Visual ratio, VIS) : A|ZA 8] 71F5& ZA87] Hl3te] = 49 BHY
Ard 22 19 3% F5E UE @olth & BT MY AFY 84 AF
At ARAZL FAe 71s& & W ANGA} AFART BL & FsiThs o] &4
M HIRE Fo2 AGA S Je& AAPIHVIS = 214 / A1),

v} MA 72y (Somatosensory ratio, SOM) : A4 ZAA L 71%5& WA ¢
3t 27 29 BY e 2P 19 BY HAF2 vx goldh T4 A1dA 9
710l & W A4 FZo] AFART o 9o Athe o]BoAM HIRE Aoz
Ag AL 715& HAGTHSOM = =42 / 11).

2}) Alzt $41]: (Visual preference, PREF) : 32 A% A2 9g& o= Ax
AAYE & AeAE HAE A2 21 37 69 HY A59 ¥& = 29 59
HE A5 $og iy Fo|tHPREF = 23+26 / Z42+Z45).

+TF 2 A R A HoEN TE 671A] =& ANt e A
€ A3 i A=® S48 thEd L 6717 hAM F A9 Ui
A gow Fe HZ AT

(1) 5cm/sec £% 2 300msec ¥¢ A& HE 23

(2) 10cm/sec £ X2 300msec ¢ AW-E HZ Lt}

(3) 15cm/sec &% 2 400msec §¢ AW H=E &3}

(4) 5cm/sec £ X2 300msec F HH& gog 23t

(5) 10cm/sec &= 2 300msec F¢ HES do2 2ZAr}.

_12_



(6) 15cm/sec £ =2 400msec ¥ Y& 4o {3AT

olg]# 671A A Yol HEle MF WY H=& FHHFAeH F&ol
¢A3) thAeld 100, 23 Yol FAH3 $-FoF A¢XH 200, M3 HHo R
X$AE 022 3o Y& 712U

488 AAle WWE Toes up(Bk) 53], Toes down(8=) 53 A)%)3te], Lo
44 mrict ZY& FAN st el Yol sAE AENE 2t TR
A HA AEE VEeE O AR ASet HitE Ao# HkE Ty
2338 FPRAT 2 PAMA] THe] HAL 2 AFET)H T T A
ZH400msec)3tol A A8t o, AR} v A& o438t oA A R
T8 7} A9 A3 FE 32 ~52 Ao T AFENT.

Zkzke] Az AA HAL % 2A AL A€Y dA dadEL FFRE HAN
& $3 AFHoz F4d =Hol HAA4FE AN

- 13 ~



3. ¢t &

Hdag

»z7 Philadelphia Minerva cervical

u] 28 collar 2§ orthosis 2}§-

ANOVA

Computerized dynamic posturography(EquiTest)

A v](Vestibular ratio, VEST)

A} Z}8](Visual ratio, VIS)

A4 7+Zhel(Somatosensory ratio, SOM)
A1z} A€ v (Visual preference, PREF)
HZ A (Weight symmetry)

3 -2-# (Adaptation)

a9 3. d79 #

-14 -




4. 24 WY

7% Bz 6 A& A9} Philadelphia collar &8 A], Minerva cervical orthsis
8 Aol tiate] ztzhe] Equitest®] A &d MA HAL &% 22 FAL 3
9 HALY f%E SPSS 10.7¢ o83t ANOVAE FANE dgon, Rz
u] a-&, Philadelphia collar &%, Minerva cervical orthsis 287+9] M 3jo]e
Duncan® 2 A% FAH& HABAT p - valueZ} 0.05 99l A BAA 29
7b ivka s

- 15 -~



m. a4+ d3

1. 2 A" H4A d vlw

34 178 238 644 Z 4Y 2389 ¥T By ATE vadtd Ry dds
Z9 Aol Y FeloM & A1 A e AYU(EA YA BHx7) v %
$ Al B 91404, Philadelphia collar 28 A] ¥F 90.793, Minerva cervical
orthosis 2H-§ A BT 908732 7% I 24e AT/t 7Hy AL AYE B
[, 4 HAYL DA & & oA d@o] - }E FHole AY(=E
A 4ol¥e BE7] v g Al HF 75837, Philadelphia collar 2H§ A] W
70467, Minerva cervical orthosis 2t8- A W& 673832 4% & 249 A
=7 M4 & AY& RYoy EAFoE {AY Aolrt itk e a1 =
oAM= BAXOZ R Alold FAY 4+ AUHE 2).

_16_



¥ 2. Comparison of Equilibrium Scores

Philadelphia . Minerva cervical
L Normal .
Condition (n=30) collar orthosis

(n=30) (n=30)

1 9222+ 2.79 90.63+ 499 90.32+ 3.69

2 91.40% 2.67 90.79+ 5.95 90.87% 3.44

3 9217+ 2.70 89.59+ 5.33 89.51t 6.64

4 75.831+12.74 70.46 +£15.39 67.381+:14.98

5 65.691+12.20 60.38t13.11 58.47 +11.15

6 63.70+16.02 57.30+17.89 56.06+12.87

Values are meanzstandard deviation(score)

2. & &4 A 3 vlw

A ) (vestibular ratio)e BZ7] ©] 34 A HF 0713, Philadelphia collar &
$ A BF 0677, Minerva cervical orthosis %4 Al BT 064902 NES9 T
A Ax7l 548 gzto] gadte AY%E By BAFHLE /A% Aole

_17_



ATt AlZhy](visual ratio)k. R.F7] ©] 38 A] 0.824, Philadelphia collar & A)
0.78%, Minerva cervical orthosis A8 A] 074 o5 1A A7} 58 3120
Zatte A% BAOU FANCE B Aok U MA )
(somatosensory ratio)9} )2} A¥iu](visual preference ratio)d]|ME Rz A8
39 HE7] B§3e) ou) Sle Aol# Holx YATHE 3).

_18-



¥ 3. Comparison of Sensory Analysis

Normal Philadelphia Minerva cervical
Condition collar orthosis
(n=30) (n=30) (n=30)
VESTY 0.71+0.13 0.6710.15 0.64+0.12
ViIs? 0.82+0.13 0.78+0.16 0.74*0.16
soMm? 0.99+0.03 1.00£0.05 0.99+0.04
PREFY 0.971+0.08 0.981+0.10

0.99+0.08

Values are meanztstandard deviation(%)
1) VEST : Vestibular ratio

2) VIS : Visual ratio
3) SOM : Somatosensory ratio
4) PREF : Visual Preference

_19-



3. 25 =¥ #Al 23} v

g o] B HAMNA & &x(5cm/sec)Z 300msec FF ¥ o] FA] BEY] v
28-A BT 105.673, Philadelphia collar &8 A] HF 107.67H, Minerva cervical
orthosis® -8 A B 11067HOE A 7}X] A% 5 Q8ZHoZ A 34 o
£ vegon, nEolE 488 LS MEslY up PES § £% 0BFO
29 £A 34 c1F°] oy AU OZ Fo¥ Aol HolA BUTHE 4).

23 $X(10cm/sec), HE &= (15cm/sec) ) M T BE7] B] 28 Ao wis) B
71% AP A9 HE7) F Minerva cervical orthosis A48 A4o] 28O
2 FA 34 olFel & A%E XIou BARHer {FA4Y Aol Bolx) ¥t
tHE 4).
¥ 4. Comparison of Weight Symmetry at Backward Movement

Philadelphia Minerva cervical

N al
Condition (::1:0) collar orthosis
(n=30) (n=30)
sSBY 105.67 +8.89 107.67+11.94 110.67 +12.95
MB¥ 111.33+10.17 109.00+10.88 112.13+£10.33
LB” 112.21+10.55 112.671+10.53 113.35+ 935

Values are mean=standard deviation(score)
1) SB : Slow backward

2) MB : Medium backward

3) LB : Large backward

_20_



A olF Al e &=(5em/se)Z 300msec FU Y ol FA BREI|#
383817 @2 % BWF 1011273, Philadelphia collar® 283 7% B 104.14
7, Minerva cervical orthosisi 2} 8% 3¢ W7 10833HeE QERoz T
24 olFo]l Ueixten], BEV|E ALY A QBEo 29 FA FA °F
o] Ao ¥ANoEE H93A Wkt

%7t £%(10cm/sec), BB & (15em/sec)| T BE7] vl 3R Ao vis) B
7] &4 A, =&7] ¥ Minerva cervical orthosis 2} A] LBZ o3 B Z4 o
Fol & AR nHoy FARA £ e Aol UAUHE 5).

3t 5. Comparison of Weight Symmetry at Forward Movement

Minerva cervical

. Normal Philadelphia collar
Condition orthosis
(n=30) (n=30)
(n=30)
SEY 101.12+ 913 104,14 £14.32 108.33+11.96
MF? 105.33£11.32 104.67 £13.22 108.23+14.02
LF 106.03£14.53 105.67 £13.82 109.00£13.03

Values are mean*standard deviation(score)
1) SF : Slow forward

2) MF : Medium forward

3) LF : Large forward

-21 -



4. 53 HAl € vl

Toes up HAAtoA RZE7|§ 882 ¥ A% F 53 APl A WA HA}
oA WF 617374, A A HAME T 4968402 HF 1960%9) P&
B4loem, Philadelphia collar® 28298 2% A A FHANA HF 67.073,
O 1A HAMME HE 53403 o2 B 2038%9] FAE B YO, Minerva
cervical orthosis@ 2+8-3l%& Z-¢ A WA HAlIAM HF 78204, b4 WA
Aol e M 5587HCF W 2855%9 AR R BREy| A8 K5 9
Bz7] 8 FATH {9 Y Aole HAHRE 6), (B 7).
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# 6. Comparison of Adaptation Scores(upward)

Philadelphia Minerva cervical
Normal collar orthosis
Trials =

(n=30) (n=30) (n=30)
1st 61.73+11.71 67.071+12.28 78.20125.71
2nd 56.10+10.57 61.90t£13.44 62.87£14.09
3rd 51.57+ 8.71 56.97+ 9.87 60.83+13.39
4th - 50.60+ 7.11 5433+ 8.67 57.50+11.69
5th 49.63* 9.01 5340+ 8.59 55.87£12.26

Values are meanzstandard deviation(score)

¥ 7. Comparison of Adaptation Ratio(upward)

Philadelphia Minerva cervical
‘s Normal
Condition (n=30) collar orthosis
(n=30) (n=30)
Adaptation 19.60+ 8.03 20.38+ 8.64 28.55+10.01

Values are meanstandard deviation(%)
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Toes down ZHAtelA BZ7|& 283tA @& A+ ¥ 58 APAA R HUA 3
Aboll A Wit 48774, oA WA FAClMe B 3717302 HF 23.79% fi
& B4om, Philadelphia collar® 28354 A$ A AA BAIA HF 5113
A, oA MA FAMe HE 39333eE B 23.08%% HAE BHgow,
Minerva cervical orthosis@ 2H8-31%& 72+ A WA HAbelM BHF 53373, oAl
A HAlIME HFE 3963402 BT 2574%9) 4% BHoH By A8 §
B gl Bx7] 7t A f9 e Aole AUTHE 8), (R 9).
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¥ 8. Comparison of Adaptation Scores(downward)

Philadelphia Minerva cervical
) Normal .
Trials (n=30) collar orthosis
(n=30) (n=30)
1st 48.77+9.01 51.13+11.09 53.37+£13.72
2nd 41.531+9.14 41.10x 731 45.80%£11.01
3rd 39.50+9.19 4020t 9.44 43.101£14.09
4th 38.67 £ 8.50 38.37L 657 41.60% 845
5th 3717+ 994 3933+ 788 39.63% 837

Values are mean=*standard deviation(score)

¥ 9. Comparison of Adaptation Ratio(downward)

Normal Philadelphia Minerva cervical
Condition (n=30) collar orthosis
(n=30) (n=30)
Adaptation 23.79+ 9.01 23.08*+ 956 25.74*11.0

Values are mean*standard deviation(%)
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V. 21 &

A R FHE ARG R 4 ARA 7153 FER FYed e
FAF aiolth FYold GAE AAME FANEHF e BE A7 Yoy
#Y-& @3 (Baron, 1985 A2EF F, 1995), 77 71¥& ¥ AAe Y
& AARE I HEE FF ABAZ B BRY ¥ SIZGA NN whgszd 8
© Y99 E3¢ #HE& AM # A Ech(Nashners} Peters, 1989).

72t 71gFANA B3 A4 A, NAA, 20 AYARZRES] FAAY FR
7} o AN Y A W/ o] Al 7HA F4A #Te FEHIA 29 B
7ol diatd A1z, AR, 23 HE, 2%, #E T HAske MY GAE 7
A 5lo} ltH(Ghez, 1991; Diener 5, 1984).

¥ 718 Ade AN A F4(center of gravity)e] X7t T} AAH
el UA FBrie o)A AT MM BA FA HXE FE Aleld F4A
T 204849 A& W 7P HHE AHE oy I¥E P #HEd A&
TR Wavt gloy, A FA F4 A7 28 B4 22X A& de A
WE $30] Hase dold JYPAE F713ch AAM F49 X7t B X
328 3] s e BAAY FEAY =de] Yadty e AL, AA, A4
28 A AS& Fdo 2FE o] W FHe ZHY A% YRe s838
I, BARY A2 FRE FARA AZo] EEHA AR ZERC % &
Alotell £2ole ®AZF YoW AL AP PRI Ho, (x| EAoH
A4 7L FAGE A7 Bk old AgdMe AAAZ Azolv MY g4
o 99 A "ok 2y AAEA Aoprt GAHE el we A)dd A4
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Aol 938 HAAPART A% RAt F9 A Y W] U RS
A e AAe ME Aol Y AP, Nde =3 Wl o dusic
(RAY, 1997).

198513 Nashners} Peterse A|AH-§ &3o]x8 Z&so HAFE FHAASH
¥ (Computerized dynamic posturography)& 73 A=, o] FHAAMNFZAHL
NZA, ARA, A ZAA T FAN AFTE 2 BAA s FFEAE NE
& FUHOR X33 o] F(Abnormality) =& FHs} @ 4 Ao PHe|Th
YA 7H% Bol 2dAe FARAMNEPHAL F9Q) EquiTest®2& 22 A A4
(sensory organization test)®} ¥% XA FHAKmotor control test)?} A-8-F A}
(adaptation test) T& AWY 4 Uch Tz MA JAle o8 3G 3§ HHA
A Az, AA, AN 22 F AAY FHE AS§ @bt A ol &dn RAPY
TA4 AFL et AR dve AAUeE, ¥ fA YdHE ¢ F
3L, 77 7)Fe eE fEAez B4 st NE ¢ HAHe Y=o o
gto] NhE ZHALE Algsle] @ Sx UATHEAY T, 2000). B A7 F AA A
AP, @ 29 vl 1Y AHeM T Fn AM e d¥9(EY 29
e BZE7) v 28 A YF 914073, Philadelphia collar At A HF 90.793,
Minerva cervical orthosis -8 A] g 9087HoZ T4 @4 249 A=} 7+
AL ZA%& BATh ol RE7I9 Ago] M A Ye Afde A ¥
A9 A& A ¥ Aoz YRPh £ 39 wjAYe] AHT £ & E A
Bol A w@aol 4 - 32 gAolv JdH(ERA 9, TF AL A e AHAAN it
o] 4.3 F3olt HYEY 5), T& =X, HFH] &Ao|AA AHo] &3
ol AY(EA 6) @I} BZy) u] B4 Aol Hl# Philadelphia collar 2§ A)7}
Philadelphia collar #8& A]o] u]#] Minerva cervical orthosis 28 A] 25 B
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et Faste A€ o 7% I Ade Axr) Mg & AgE Ruev
FAYoRE #K9% Aole NG Arde AYL REUE AFFE LAYI}E
Ax7t AdGTE AR A 3G 7150l A 715 € EHRA AL Mol
UE ALZ ALRHY, B w8y 3oz 3EH w9 AXE v Fn
A G olgE & e AR VT GA BEy) AEoE FEY 5E EHEAA
EWE 7Fsdel A 2y, & A7l BAHLE R £59 AolE Ro|
A BRXE olfe AN 4, B3 23S APAE dYS Y GAHE AN
oA A& & e T8 FA9 A7 HAdE Re: JZEA, o A
AE 20 449 34 A At fPASAA FEHA YR& VA
AR 5 gk

T FAeY ddste FAY ASK MAEFoz gol = Ae ¢G &
A](Sensory Analysis) & #4 z}ZH]|(somatosensory ratio), A]2ZHH)(visual ratio), A
A v (vestibular ratio), A]z} A€ju](visual preference ratio) & AR Ew),
2t B4 AN RzU)§ 283K e Ao A4 A0y FAA {94
€ $UHA oy 4zte] FZXNE BE AW FYol AAh

2 AA @A 10, 22, 339 4¥ 2PNME gHe] nAFH o Qe o o
de WoAAFH AAHE MY A9 Aol 78 |fX a8 dTE 9
&7) Qe ol 47A& LAFHT] o o] FF ol @AY 49, 59, 669
AY =AM E ool HAW ZHedel F718lH EB 5 69 4¥ TUANMe

D wus 39 3o ngd FeldlA £& = A JA ot

2) 4@a F9 wi@Ye) 1PE JujolX & FT A A Wk

3) WHo] 1HE HeidA F& =D A A L F9 iFEEF £

4) T4 w@eo] nPE FeioM & = A UA I, & A2 23] JE&U
5 & #I A A L, BHE FIE B2Ed Atk

6) T& =3 A A s, T4 WA FA o), THE AFE HAEE sEAch
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HER AN 2T Ag Aoy AF V1B /e E S9HeZ BAREH
=4¢ & 4 Utk

AR § 2E AR $YY& AVHE ASI AR W 2 go] BAshe 24
§ 29EY 94 A9edz mEv] Ao AN F2Ee &3] Ausd
A7t TEHA fo vzt o] U8 ¢HE HAE A%A R&Hn AR 75
o] FYHNOE AgEA XYy RESE QAT ol T& FIL 94T §7) 4
AR g W TE k2 8 A us TE @ BoE s)lgold WA o @
Y FAA He 4% FAEA ol8¥ 4 UArkRichardson F, 2000;
McPartland 5, 1997). A1Ztd] GA] BRZz7]) g Ald] A AR HA{eH, o
RENG A48 & Afol us aAf2ol AtR RAY ¢ UE AE, ¥
golRele £3tel WAoo vigg Mo He FAol Avso et 2w
2 Az Az ddue A FAade) Aol@ Holx @stedl ol M da
of BAAY Ao P& A $39 Aol7} & Aol F&e A
dA et 2t dase wal Bd BH A A4 2gust g £3e §
Bol3l oFzhe] Folx RolR @krh ol& olmiw Mgl MA %H: B9 A
A gzro] JASHEE Vet £ BAIEE & 9 3} Az o8 nA
57) &Y Rolth. o|A AFE Halo vest cervical orthosisel] #¢ A7 A
AdrEe WgolT FY A e AL W] xol, GB AR BRI ALE
o2 AY AR AW Ao Aol AYTY AW B9 Ho| o FEHe &
AE MEOZ AgEch IHER ¥R 19 FA &4 BAR Loz TR
NYPTHE, A4 oz BAe X B Aast APl R AR MY
tzto] Bz7lol o8 AAPGH, B2V} UNE Gl € & A& Ao A
s¥9h
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+TF 23 e d8e 39 dehvde A4 gd 7I8/3e oz Fo
A AFo izt Hzizte] Ao Agglel vl o3 Yrhle we-g &
g3he Ao Z(Jacobson F, 1993), & A7 A AW olFH T o]FA EF ¢
o2 BA F4ol ALXNe A& BNk ole YA} BE 2&&FHojo]7)
HELE AAAG 2 od] iy A7 Yoy Ho= wddT)

H¢¥ fHAe Toes upd}t Toes downg Z+Z 584 A)ejdle] @go] 23 uf
THE A 3t wo Yol A w7t A FFF Aoz §HEF
L2 972 X Ywe wo] o FRE Y PA FRE JAYHE Y
FolHE Aolth. F AT Y AE TH& He ALE AgFHo] YolxA A
A oldelvt & ¥ BHUE T ABA e TFFA Y o4& dvgl
 ZU3A F& AN MY F& A7) $Ye Bt} Bl AE A9 @A
o =&& €vHjacobson F, 1993). £ A+ A Toes up AAA ANtHoZ B
Z7)1% 2884 & Rt RV A8 B3 FEI)F Ho)A A9
o] @ojAe A¥E BYon, Philadelphia collar A{ A] Hutlye A &
Minerva cervical orthosis 2r8- A] Z&7]7} dA Ul A g¥o] Yolxle R
& BT

olf FHA F W EH2y] v F§ AR BRI AL A 1m
Philadelphia collar2}-8 A] Bthe 3134e] ¥ Minerva cervical orthosis 2§
Al 2z A ANRA, AAA, A 34 gl ANH R 7HAE FYIRN
At FAHCE f¥ Fae QAT 2L ¥F 2H QA BRI 2]
EEFE Pise AYAAT FAACE §9% gae UEUIA 4t %
HEYoME AP0l R BREV|7} Ageo] Woloy BAHoZ /A%
A& olfick A Aejo)A Halo vest cervical orthosis7} A4 @Yol u]Xe
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A7 (McPartland &, 1997)ell A& A Z8ol v|X & ojf7t Rz7|9 FAL Bz
718 A0z QY FA F49 Fgo] & 8922 ARAYE AR ANY
vt glo}] B FFolA A4 o] Philadelphia collar$} Minerva cervical orthosis&
F-A7} 231 Halo vest cervical orthosis®t} 840l @A 3zt AA ) & F%%
§ TN FRd Aoz AAAYG T B dFe £F 2WHo| 2 20U
A A& Bz FAsgeng g5 UM B2y #FHEol g nFPoy 3
& &4 AR YA 1A ¥ REVE AL 7§ ¥o9, 3 A
At ¥ =M, ¥F 3¥Y FaT of & JMedol UE ALZ AlREG. £
ol g A ARA, AAA, MY LAAANM e & dT& PIAXN FRAS
7z A7 B oz AEstE BdMe AN L& REIE F83 B
e & AF, BE77F Adolu ARA 1 A nRAE A AYE] 3
Hol AA By deht G vl ¥ A77t o]RAR} @ A2 A}
=020 =

B a7§ S9sed YoM BrAA ARAel AT AM, Minerva cervical
orthosis@# Zt7t9] AL iAol Al st A3 R3n - 474 o, &, A2
AP OEE AZ(gauze) FL2 TAHANE wAol Pou, 4 WPy F7t
AR, A A &4 BAE PR 348 ZH
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V.d &

A A 0FE HF22 T3 AA FAHVE o83 A BxI] v A%
A), Philadelphia collar ¥ Minerva cervical orthosis a8 Ajol ztz} 74z} A 2
Al(sensory organization test)$} % 2 ZHAKmotocontol test) HEH A}
(adaptation test)® A% 3l BFg HY Ha, FA F49 A3, A8 S5 F&
A3 e g2 AAE AU

1) 4 AMA »A #3223 1RE 28 64X 479 YT H YA (mean
equilibrium score)= BAFH o2 #9% Ho)7} YNk

2) &4 £4 ZAHSensory Analysis test)d 7 BAIHORZ RKA¥ Aole NS
L Agush Ague A Rz] A8 A6 ZASE FGE RATh M4 gu g
A2zt 2 en](visual preference ratio)dllX& BE7] A& X FA Qo] 9r] Y&
Aol & RolA gt

3) +F 2E JAF AF AL ool TW o]FA AF Hzy] v 3§ dH,
B2y &8 A RRAM T F40] LEFHOE A Uiy, Bz 3
# AR 3 BE7) 7loe FAHSE {o¥ 2o]r} AU

4) A8y HAIAT Toes upd Toes down AL A] HEHe] ulfo] A
BY%E ERo, FAHOEE Y HA R Bolx &t}

B A7 23 A3 &84 24§ EFog 3] ALEEHE Philadelphia collors}
Minerva cervical orthosis7} 20t A4 42-& Ao ZE EANOE §o¥ A
& HolA GRAT DAYl #ETH TYol A HYE Bk

e Bax7] 28 A @& 9 HAddMe HYd oy 2HE DA 1A
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gotx ® 2eE oA gy A BE7] go] aH F4t YRR 3
oAU, A &4 BAYE AT & W YF ol ¥ AAHY A+
ey Aoz Atggd.
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EQUITEST TESTS NUMERIC SUMMARY
SAMSUNG MEDICAL CENTER\

DEPAMTMENT OF REHAR. MEDICINE.
VESTIBULAN AEHAR LAR.

Pwiient: kim ok sun Fla: DOD4BZA AW
Age: M Retered By: Dwa: Apr 28 2001
D: -2 Bwey-Pelerenced Gain: 1.00 Oparwior ID; 206187 Tma! 1X44
Height: 100 am

Senaory Organization Teat Resulis

Equilibrium Strategy COG Alignmaent
Condiion Trimi1 T2 Tris2 Tris 1 Tred 2  Trisi 3 Tetad 1 Triel 2 Triad 3
1 90 o o3 -y - ol 02 09 0% 1.0 Q03 14
2 - 14 [} o8 o [ 14 04, 1.4 08, 12 08, 12
3 ] «© [ o ] - 08, 1.2 a0, 1.7 08, 1.8
4 ] ©0 Ir -] " ] a4, 1 06, 09 07, 09
] 3 72 o4 ] ] o« 08, 18 08 14 08, 13
[ » e ") 74 - [ 74 05, 1.4 08, 11 08, 1.4
Composhe = 78
Motor Control Teat Reaulta
Walght Latency Masporse Strength Strangth
Treriston Symmaetry Ladft Might Laft Might Bymmaetry
Small B m 120(4)  120(4) 4 [ 1
Mudium B 110 120¢4) 120(9) 12 18 114
Lege B 107 120 130 (D) 14 19 18
Amalt 107 130(4) 120(® ] » 114
Madium F 100 W04 120D 9 [] 100
Lwge F "R 120(4)  120(#) 10 0 100
Composhe = 121
Adaptation
Toas Up T
Triad p Toss Down TestN .
1 [} .74
? % ]
3 71 81
4 [ <] n
[} [} 42

EquiTent @ Version 8.08 Copyright & 1982-08 NeuroCom & inemational ino. - ANl Fights Prassrved
THST NOTRS: NeuwroCom Data Menges: 20 - 001 Data rom EquiTest Version 8,08
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MOTOR CONTROL TEST
SAMSUNG MEDICAL CENTER\

DEFARTMENT OF AEHAD. MEDICINE.
VENTIRULAR MEHAR. LAD.

Pullard: kim ok sun FOia: OOD4BRA_ AW
Age: 4 Rudatrad Dy: Dwim: Apr 28 2001
D:n2 Sway-Meleranced Gain: 1.00 Oparmor ID: 208187 Tima: 14
Waelight Symmaetry :  Walght Symmetry
Backward Transisions Morward Transistons

Lak

Adaptation - Toes Up

100

100

0 L]

RquiTest @ Varsion 8.08 Copyrigiht & 1902-08 NauroCam @ inlemationsl Ino., - All Rights Reserved
TRAT NOTRS: NewoeCom Dete Mange: 20 - 50; Dete rom SoulTast Version 5.00
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SENSORY ORGANIZATION TEST ANALYSIS
SAMSUNG MEDICAL CENTER\

DEPARTMENT OF MEHAD. MEDICINE.
VESTIBULAR REHAD. LAR.

Pytiont: kim ok sun Fle: QOO40RA_ RAW

Aga: 24 Ralarrad By: Dadat Apr 28 2001

D! -2 Bway-Melarenced Gein: 1.00 Oparsior ID: 205187 Tima: tds
Equilibrium Score : Strategy

a1
PR
AR

Conditl

a 4 )
Sersory Conditions

Sway, Shear, and Alignment Data

78

Trial 2 i Trial 3
m—'v:ﬁmz—'—"\-nzﬁ—— = g A e e

Hye

EquiTest ® Varsion B.08 Copyright ® 1992-98 NewoCom & inkmatonal iIno, - AN Mights Paserved
TRAT NOTES: NaurcCom Dweia Range: 20 - 59; Dem rom GquiTest Version 8.08
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EQUITEST SUMMARY
SAMSUNG MEDICAL. CENTER\

DERARTMENT QOF AEHAD. MEDICINE,
VESTIRULAR ARHAR LAR.

Pallent: kim ok sum a: OOOABA.RAW
Age: 24 Palairad By: Duda: Apr 20 2001
D: n-2 Bwwy-Palsrenced Gein: 1.00 Oparuice ID: 208187 Tima: 144
Equillbrium Score

100 - -

75 1

80 1

“ -

Latancx_(muc)

Backward Trarmmlions

200

18D

1201 120

20 4 a0 | [ 4] | 4] . 2] | [ 4]
L M L

M
Lok ot

EquiTest ® Varsion 8.08 Copyright @ 1902-00 NeuwoCom & inlemations ino. - All Rights Meserved
TRAT NOTRES: NeuroCom Dula Rengs: 20 - Bi; Dem rom EquiTest Version 5.08

- 40 -



= ABSTRACT =

Effect of different cervical orthosis on equilibrium

Hwan-ik Choe
Graduate School of
Health Science and Management
Yonsei University
(Directed by Professor Chang-il Park, M.D., Ph. D.)

Until recently, only studies pertaining to the effects of cervical orthosis
on the posture balance were study of Halo vest cervical orthosis wear on
balance using a qualitative measure of unipedal balance test (Richardson
et al,; Mcpartlant et al., 1997). However effects of cervical orthosis on
visual system, vestibular system, somatosensory system, motor control
ability and motor adaptability during static and dynamic posture control
have not been completely studied. The purpose of this study was to
determine the effects of commonly worn Philadelphia collar and Minerva
cervical orthosis, which has the greatest restriction on cervical motion on
components required to maintain static and dynamic posture in normal
individuals. This included the study of effects in visual system, vestibular
system, somatosensory system, motor control ability and motor
adaptability.
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The study subjects were 30 healthy male and female individuals
between the ages of 21 and 29 who had no vestibular impairment or
history of tinnitus, visual acuity 1.0 or better on both eyes (including
corrected vision), no central or peripheral neurological lesions, and no
history of fracture or arthritis. For each subject, the measurements were
taken using EquiTest (NeuroCom, international Inc; USA) a type of
computerized dynamic posturography under 3 different conditions; no
orthosis used, with Philadelphia collar, and with Minerva cervical orthosis.
The mean equilibrium score, shift on the center of mass, and adaptation
score were measured by Sensory organization test, Motor control test, and
Adaptation test. The results were as follows:

1. Sensory organization test showed no statistically significant difference
in mean equilibrium score on visual, vestibular and somatosensory system
in all three conditions.

2. Vestibular ratio and visual ratio tended to decrease when orthosis
was worn. Somatosensory ratio and visual preference ratio did not show
significant difference whether cervical orthosis was worn or not.

3. During the motor control test, the center of mass shifted to the right
upon forward or backward movements, but there was no statistical
significance whether orthosis was used or not.

4, Adaptation test showed decreasing tendency in adaptation ratio with
either orthosis worn but was not statistically significant.

The result of this study showed that within healthy adults population,
the use of Philadelphia collar or Minerva cervical orthosis which are
generally used for immobilization during cervical injury had no
statistically significant effect on equilibrium but had tendency to decrease
with more restricting orthosis.

This implies that effect on equilibrium is not a significant factor when
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using a cervical orthosis in young adult population. However considering
the fact that people who require cervical orthosis are usually elderly
population or patients with cervical injury, further comprehensive study
in this population is warranted.
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