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Fig. 11. Comparison of Kinematic Data of Hip in Transverse Plane
Between Free Arm Swing and Arm Restriction v

Fig. 12. Possible Estimated Mechanism of Free Arm Swing on Gait ...
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Aol Ao HYE g FEIRE 28 AREZE 4AY Y] ted
Aol EAolt}, A2 B Ao AR} Ad2 FolA Hed, ol
& AR Yol ded FEAHI IAALFUA ofHA oAuFE FFHY
&g steAe o B HHEEHA &1 U od B AFAXE 20-30
el Y 4 208 dYe2 3t FAE 1Y A9 AAE nAsHA
&S ALE U¥ol H&@2 kmhr), $54 km/hr), 156 km/hr)e] o
By&zo] ol A4iAARF FA7|Q0 KB1-C(Aerosport Inc, Ann Arbor,
Michigan, US.A)E o] &8t N2422 %2 2Asn, AR UL LT &
FP4%Y ARE 3AY FFH ¥47IY Vicon 370 Motion Analysis
System(Oxford Metrics Inc, Oxford, UK.)& ol &3ld dony 2 AHYE
Bl 43t A9 FAdo] B ouF TFHU J¥o] AeA, AT
Hoojud Jgg A dotruA

2 479 23e O 4.

1. =4 £5Q2 km/hn2 BY T de ARNE 1HJSE 3F AAE 2H8A &
S ZA%ET 99 UA duA AR HYoH, ®E £2(6 km/hnE 23
g dolt AAE ZAZF A7 AAE TARA @S FFEYG A 22
7t 29 AA B}AHP<0.05).



2. e AAE QT AL, FAE nAHHA &S ALl HEH ZE £
A AAtHEO A 9] A8 Ak AFAL Z=(anterior tilt angle)’t <12 UA Z#
2392, e $506 knvhn)2 B3 Al #4H 9 Jddoy AF A3t
EFHAE A9 UA F7H3EAHP<0.05).

3 2WNe AAE AT FS, LA &L A vF ZE 20 A
Ho A o] Fure] B7AL ZE(anterior tilt angle)E 12 YA F7IstR L, w
€ 236 km/hnAl BAAAAM e 2] E5EAE 99 UA a3,
HaHed e Fute E3EE 99 YA Frstdod, dIAAR ] T
4oz YyHEE Fido]l BE oA BHAHp<0.05).

4 n#EL FAE AT BE, nAHHA ¥ B HE RE S2oA A
AdoM A BAF7IFEA o A 2FEHA YAoH, BAHAMY n@
o] EFHEAE A9 UA #FAED, YEHAAN DER A7) FLY 93
A=t A9 AA F7HE A TH(p<0.05).

5. 71e} tt& &A BEY TIFLEH AFEY ALY, #AYE, JIH 25
A AA 1 ¥ BE 99 e olE HolA &gttt

oj4e Az Ro} 53 wWE £ 2y o AF2E YA YL
Uiz BEd =L FE Aoz Ao =8 A9 13 o Fo met A
29 9 n@dY YT Aol BYEH, ol otvt: A9 44
o] ¥y A9 #¥ #x % HAH(limb advancement)®] YFE3} Tl U&
Ho g Azdd.
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#4 =5+ 2 arm swing, gait analysis, energy consumption



2yolAe dX S A

<HAE % % g 2>
A NI e o 5t}
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I.M B

Atgol Ao Bae A o Fort BRFAT AAHeE AL AT
Efe 4 olF WPog AREFA ZAE $3Y F+ dvde EHl Ut 2
B AA2HA BYE ¥ e AA7 a2 FA oA BHGage, 1991).

B d7AEL By diF A FHYE FALE T FH JE9
s AFsted, B wo A FAYL 9n Ax FAHYel otded dH 3}
o, oy e AEE HAHE AF Aolgtn FHHU(Saunders F, 1953;
Battye9} Joseph, 1966; Morrison, 1970; Sutherland ¢} Hagy, 1972). 23y 4
A9 gAY A wi@stAR AdAFA dojddx B3 L(Elftman,
1939), B3] ojm g H¥E 3=A ofF HEE PHA #x U= 4Hold.

Perrye B3 A 28] 94F F9& FFHIAY e ZY /A 2o
BEozZ FHEAAUL FAY YL AW FFHA dEE A v
B 13t (Perry, 1992), Ralstone A4 Z+ A& 23¢ F AR £ZFE
235, A& nAFAL dE G AA FHE nASAE do uls o
YA AR ulxlE Y] Hon BusHch(Ralston, 1965). 22y Elftman
< AA9 Z 299 Y A= I 2E(angular momentum)E 5743}

o FAE ded FFEHA IALEF] o, 2o 4 F Holge 7t



A& AANSFHI, Murray 52 4ASA 2PF715¢ AFHAAN AA8 23
ol dojdttx 3 h(Elftman, 1939; Murray %, 1967). & Fernandez-
Ballesteros & §4 ZHEE ol &3l BAFI] T AT A7ld A3 25
53] Ad4d AAZY €Fo] B B ud 3 Fernandez-Ballesteros %,
1965). ©o]9} o] 7|&9) R L BaEL A9 F3Yo] ojuig ¥
e A& FHH7IRGE ofd o] AL Relgdn FHst=d 2AL A
o] Marke & B9 AFHLL APz 3o AR svee vge
¥ 483 (kinematic) #4& & A3
&2l - olFo] Wsst Az, ol HFH(trajectory) wi¢ E<XAHE
A =Hden, zZt #de 4 £x71 ASHJASES Badd BP9 FAA 3§
9 Yl FFE vF 7 ASE AANFAHMark, 1997).

olel & A7t 3 HAZ o2 AT A g5 =] HI Yt BY A A
A FAYY HF A5 Y T FPE A 208 AY 4IE AP
o2 3o Ax nAH A Fo] W AL ARFE SHs B A A 2

g olgstel ¥% 4NE TAE F 5

deo} o] YA Folrnz AT F HAZ B3 A B FAA A
o &Pl AR 1Al P FFE HAEAE AXd FHEAMY
Vicon 370 Motion Analysis System& o} &3t 42 13 ofo) og zolE
HlzZ BAstna &gk ol #3F A e A (biomechanical) |Fel 7]z
EE ATY & UL Aoz HAHY, gF BY FoAE Hol: 29 RYF

dol E8¢ & F o A4
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1L 4594

2078 o] 20Tl A 30THel AT A EAE Yoz YT A2 A4
Hojup Ao o FFE L& F Y222 Lo}, 1A F Axe ALEHA
tHOberg &, 1994). £33 ZEAAY AZAS A8& A 41 UAAY FAd
2 HEo| UeAE WHolY olFdH HALE dAlsto o] Hgo] oA
HE 3% & d7dM Agsdo

2. 47949

7h 3" 23 3y R 49 =4

42 14 WEE o] g3t FHAL ELT sho] YR HPo] WES o
g3l 4X8 DARAHFig. 1. oW 2wy Ay FAYo] AT MA@
A REE H9;, =Y $E@ kmho), BF £E( kmh), #E £E6
km/hnZ RRsEA 48 DRHELS Heh $AE nHSHA G Ao
A2RF, AFVH AE, £EYLA AEES A3 FAHAT & HAR) o
@ HYE FUT IR, FUD Aol ARs BN OF 52 AU A
stuzt stk



Fig. 1. Method of arm restriction

o2y 24 8y

By gAe 339 B2 yHEA7IQ Vicon 370 Motion Analysis
System(Oxford Metrics Inc.,, Oxford, UK.)S o]&3d A|FZ7H3A X E
(temporospatial data), 58453 AHe ¥WIE EXHs4Hd. Vicon 370
Motion Analysis System< 67§2] H A sivlelrt 5 EAR 22L&
ZAste BAse o2 & dFddAMe AA HeH giuigels AT
F UdE 23E Zo|7] Y48 calibration® Al 3F ¥ Vicon protocololl uhz}
719 AA deloM A& F(1998)0] B g vt} Zo] HE BAA, 43
9 ZAR 4 £87FH BEAA, ¢F dEH BYA 4F A BAR, &
Z Z3d B4R, $F AER BAA, 5 T ZAARE FHREA FA
Agetga, Mt Aol dig FARE A 7T AF L FSF HE
EAAE BHstd FALE APt 4 8 WE Zol9 EEE F A
AA s Ad2E BIYE F= & F Frase F¢2 HAF 10xE
oj4e] B¥YL Axdd EAFHT. 2 kmvhr, 4 km/hr, 6 km/hre] £E8

il



AAQEA FAs7) 98 A7) (metronome) S o] L3R, AX 1A R}
By £%o) gt GA 71X 2AL FAYZ £ E Asd AR Vicon
370 Motion Analysis SystemS %3 €3 visual and analog data% 73l
A Exd 7B 2HE ARE A3, & B3 Frld 0 E A4d, Y

H, 3dde 25 FATH AF Y AFHAEY AEE VCM softwareE 9]

AUAAEHZHL 2422 F 37| KB1-C (Aerosport Inc., Ann Arbor,

v

Michigan, U.S.A)E o] &3t &2

S QuHoz dux AL B

[0

o
BPE 2H3=d A4 1 JdHE 2RE)

rlr

¥ PF 483 Cald] 2L AL +

AHDowney &, 1994). 2E FAE HAL 4-5A AFEH 542 A1 GHo

=

A 4%¥& AN#WsHCorcoran ¢ Brengelmann, 1970). 48 % AL #px
2g Agste] 5FA U0 MAAEES oxygen gas analyzerdl WRH 7
EH2 BT 479 oux) ARFL SR 2838 %L AMH =
Botn, BPAY oA AP RS 4R 1R AR By £To| wa} o
A 7t 2d¢ FAYZ €42 HoA treadmillol H R ASA sto] 52 3o
Be 3 nixg 389 29 PFgos BYF H42228e FaHch Z7
o AAAbololE 5R olAte] FAYIHE Fa B Autirl kA) Autole)
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3. ¥4 ¥y

SAENL SPSS 80 for window version® ©] &34, A 1Y AF
o A 2RF AFLAHY ANF, TFELEAH AEE pared t-testE ] &
o] E43A old AFH AR F FELHY A +F5 €2 A= §
Ag ZF EF3A A 44U 2089 40 dAE BA HsAD. P valuert
005 tjgtq) AL FANHCE 29 Qe Ao



1 4839 448 ¢4 49 &

2 A4y F7tg HAyAe 25 2o, 4% FEE 264%H UYL, H
ddHL 2974 A Jl= 162 cmBE 186 cmE H# 1724 cm Qo M FL 55

kgol M 95 kgo.2 HF 739 kgolAUh.
2. N&3H Ax v

we 286 km/hr)rl &4 (cadence)s FAE A A F+Y nA3)
Re AE EF YT 1600 step/mine2 2l AE o)} AN, EF(step
length)= AR FAE o FF 624 cm, THHAE W FF 631 cm 99
AE Aolg BEE + UJ £ BF¥ £EW km/hr), =8 £EQ km/hn2 B
B = opRrtAZ o9 Qe Zole AATHTable 1).



Table 1. Comparison of temporospatial data between free arm swing and

arm restriction

Speed Free (n=40) Restricted (n=40)
2 km/hr

Cadence(steps/min) 646 = 6.1 66.0 £ 56
Step length(cm) 509 = 53 505 £ 5.0
4 kmv/hr

Cadence(steps/min) 1140 £ 7.7 1142 £ 75
Step length(cm) 585 * 39 582 £ 43
6 km/hr

Cadence(steps/min) 1600 = 76 1600 £ 81
Step length(cm) 624 £ 47 63.1 = 56

Values are mean * standard deviation

3. 44242 g v

LY $EQ km/hDE By ¢ o 222288 479 $3Yo] AH2E AS
At WF 57 mlkg - minolR ey, 448 DHHUE W BF 53 mlkg - min
22 PAg nAHAE Wel HarruFol ool A FAHPOE). BE FEM
km/hOZ 28 Aole 42 13 g3z o dE Aol wolA stk We
B86 kmhoAols 4Ae 490 A42¢ A+ FF 121 mlkg - min, 47|
& 2AY 3% YT 128 mlkg - mino 2 AAE LAY Ao} Brsp o] o
o QA & STHP<0.05), (Fig. 2).
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13 [ - - Free *
12 | —&—- Restricted
™
it p value <0.05
g 10 r
o 9 F
< s8¢t
E ;|
6 -
5 -
4 1 L J

cKm/hr 4Km/hr BKm/hr
Fig. 2. Comparison of energy consumption between free arm swing and

arm restriction at three different walking speed

4. 35 Y FFYPLEH Ax Aw

7h A3 $534%3 v

=¥ $E2@Q ki/hr)ollA AR E AFEFA F3ole A¢= AF Ao A

7 AH(anterior tilt) =7t HF 4.1 d vl3), FXE TH Al HF 4052

ool A FAIFAYIL(P<0.05), ¥ £EU km/hr), ME £5(6 km/hr)dlA =

AAE AR FUE wol va AANE nASFAS o AR AT A HA
ezt 99 AA BA3AHTable 2, Fig. 3).
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Table 2. Comparison of kinematic data of upper trunk in sagittal plane

between free arm swing and arm restriction

Anterior tilt angle(degree)

Speed Free (n=40) Restricted (n=40)
2 km/hr 41 £ 82 405 £ 95
4 km/hr 447 = 85 396 £ 99
6 km/hr 437 £ 114 390 *+ 127

Values are mean * standard deviation

*; p value < 0.05

2km/hr 4km/hr 6km/hr
50 50 50
] |
| | I | Ue i [ e
a5 T 459 T ) N as e
‘0'\/,\/ 40 \_/\ _,_/ 40 lﬁv\/‘
35 351 35
Dwn Dwn
300 p S0 75 100 300 25 50 75 100 360 25 50 75 100
%Gait Cycle %Gait Cycle %Gait Cycle
----- free arm swing arm restriction

Fig. 3. Comparison of kinematic data of upper trunk in sagittal plane

between free arm swing and arm restriction.
Y. g4 E5HA4YH v
e 286 km/hr)Al AN FE Azt EF5EAE FAE nAH}A &
$E= " 725 93, ARNE AN S de FFE 982 E, HAE nAHIHA

& 7
g we| BARAIM ¥ Ael LHPAT HAE AN Fke Wl u)
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olo] glAl Z71eAh(p<0.05). 28y =¥ £%5(2 km/hr), ¥ £54 km/hn)E
58 & go= F T 29 e ol UK (Table 3, Fig. 4).

Table 3. Comparison of kinematic data of upper trunk in coronal plane

between free arm swing and arm restriction

Range of motion(degree)

Speed Free (n=40) Restricted (n=40)
2 km/hr 52 £ 19 46 £ 19
4 km/hr 64 * 22 58 = 2.0
6 km/hr 72 £ 32 98 + 36

Values are mean L standard deviation.

*; p value < 0.05

2km/hr

1 o 25 s0 75 100 0 25 s 75 100 T Q 25 50 75 100
%Gak Cycle %Gakt Cycle %Gait Cycle

arm restriction

----- free arm swing
Fig. 4. Comparison of kinematic data of upper trunk in coronal plane

between free arm swing and arm restriction.
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o Ao A e TP v

=¥ 22 kv/hnoll e 42 24 95 wt Jddoe 45 Azt
SEHS el AolE #AEY F gAod, BF £=(4 k/hr) B BE £%(6
km/hn2 B dols AXE ZASA &L FF DAY AR AT
TEHAVL A4 HE 48%, 660U, FANE AT AF 4F HF 81%,
12122 AAE AT 571 FAE 2AHA FE& F5ol vl YDA

o] AR Hztel LEHY7} 29 YA =784 Hp<0.05), (Table 4, Fig. 5).

Table 4. Comparison of kinematic data of upper trunk in transverse plane

between free arm swing and arm restriction

Range of motion(degree)

Speed Free (n=40) Restricted (n=40)
2 km/hr 80 + 25 60 = 16
4 km/hr 48 + 2.2 81 = 3.1
6 km/hr 66 = 30 121 £ 52°

Values are mean * standard deviation.

*, p value < 0.05
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)
o 33

DF/\\-—‘\_/A c/ —

-5 5
Ext Ext
2 = 75 100 %0 2 s 75 100 % 2 50 75 100
%Gett Cycle %Galt Cycle %Gai Cycle
----- free arm swing arm restriction

Fig. 5. Comparison of kinematic data of upper trunk in transverse plane

between free arm swing and arm restriction.
4. E0re] S FYAHA AFE v
7h Ao e 59353 v

3 232 kmvhr), 2% 2384 km/hr), BE E(6 km/hr) EFAA F
o] W A e AXE DA FUe WE 47 HF T1E, 68%, 78
Toli, AXNE nAHSE S W HF 85%, 80%, 96EE HXE nAHFHIE

o] Fute] A Al Fxvt AAE DASA FUE Hell v oo YA F
7+ 1 24(p<0.05), (Table 5, Fig. 6).
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Table 5. Comparison of kinematic data of pelvis in sagittal plane

between free arm swing and arm restriction

Anterior tilt angle(degree)

Speed Free (n=40) Restricted (n=40)
2 km/hr 71 £ 35 85 * 36
4 km/hr 68 * 42 80 t 37
6 km/hr 78 £ 43 96 = 33

Values are mean % standard deviation.

*, p value < 0.05

2km/hr 4km/hr 6km/hr
2 2 2
T |
e i { e | | U
154 154 151
104 100 —
10‘"__..""}-_.—" NP P SRRt T
d T e 5 vaar I RCTVES s
Dwn Dwn Dwn
; 0 0 -
----- free arm swing arm restriction

Fig. 6. Comparison of kinematic data of pelvis in sagittal plane

between free arm swing and arm restriction.
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Y. #gddA e 53334 vu

=¥ 2@ km/hr), 2% 2384 km/hr), WE 286 km/hr) EFA Z
ghe] AAHAM Y FFHAE AAE AFEA S W A4 JFF 64K, 69
T, 68%, 4AE AR E W 44 P&F 52%, 53%, 5152 FXNE 1A}
2g o Fuke BPWoMe LEUAE AAE YA W%e do) vl

o] UAA ZAa3ATHP<0.05), (Table 6, Fig. 7).

Table 6. Comparison of kinematic data of pelvis in coronal plane

between free arm swing and arm restriction

Range of motion(degree)

Speed Free (n=40) Restricted (n=40)
2 km/hr 64 * 14 52 = 14°
4 km/hr 69 = 20 53 * 20°
6 km/hr 68 £ 20 51 £ 24

Values are mean * standard deviation, *; p value < 0.05

2km/hr &km/hr 6km/hr
1 1 10
e | ] e I | e 1 |
5 5 5
0‘% _____ f". - O'QT' 7& U'Qc =1
-5 51 . 5
Dwn Dwn Dwn
-1 T r r -10 v T T -10
----- free arm swing arm restriction

Fig. 7. Comparison of kinematic data of pelvis in coronal plane

between free arm swing and arm restriction.
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o JdddAe 2FJ XA v

=3 23 A2 km/hndle 4XE 1ASHEE o DAY It 2
P HF 9422 AAE A ¥%E Ao HT 11.0%dd Hl3] I
o Ae] ZHte] EFHAE AAE 1A E q g9 A FAIHATH(p<0.05).
a3y WE 236 kmhoAlole =8 23aEs g8 AXNE nAHAE g9
Podo el Zute] LBHNAE HE S8R, AXNE nAHA FUL Wy H
T 7.1%° v AW Fute] EFHAE AAE nAYINAE d o9
AA F7FslAH(Table 7). =3 4 kim/hr, 6 km/hre] £:2 B3 A 4XE 1
A FAE W DEAARY] F Futo] AT wH FAE 1A
FAe de GIAXA7] T Fuke] YHHHE F4E BEE F Ay
(Fig. 8).

Table 7. Comparison of kinematic data of pelvis in transverse plane

between free arm swing and arm restriction

Range of motion(degree)

Speed Free (n=40) Restricted (n=40)
2 km/hr 110 + 36 94 = 29°
4 km/hr 77 £ 25 6.7 £ 27
6 km/hr 71 £ 22 88 * 18

Values are mean T standard deviation.

*; p value < 0.05
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.........

-5 -5 5
Ext Ext Ext
K] -
1 0 25 0 75 100 [t} e S0 75 100 0 25 50 75 100

----- free arm swing

arm restriction
Fig. 8. Comparison of kinematic data of pelvis in transverse plane

between free arm swing and arm restriction.

4. 1@Ae] FFYAAH Ax v

7 A EojM e EE 3 uw

AAE 1AINE wWe Hd n@E AA Gz AXNE A FRS
o) Ha BE &xolM oo A FAIHALn(p<0.05), FAE nHI}AE
e Hodl n@d FF4EE AXNE AR &% do vl oo UA F
7418t (p<0.05), A BHAF7] FA AANE LAHIAE o AAE TAH}A ¥
< o v 3] o SF5 JAJAHTable 8, Fig. 9).
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Table 8. Comparison of kinematic data of hip in sagittal plane

between free arm swing and arm restriction

Free (n=40) Restricted (n=40)

Max. Hip Extension Angle

2 km/hr 54 £ 51 41 * 54

4 km/hr 70 £ 53 59 + 50°

6 km/hr 65 + 6.0 49 * 60
Max. Hip Flexion Angle

2 km/hr 345 + 44 354 = 42°

4 km/hr 342 + 47 358 *+ 4.3

6 km/hr 358 + 56 366 + 49

Values are mean * standard devia_tion.

*, p value < 0.05

6km/hr

28

arm restriction

----- free arm swing
Fig. 9. Comparison of kinematic data of pelvis in sagittal plane

between free arm swing and arm restriction.
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Y. #3ddie 2534343 v

AAE DAGAE W FAHAAY n@He FFHEAT AANE nAHA
Be Afo vig TE &xolM 29 A BAEFAT(p<0.05), (Table 9, Fig.
10).

Table 9. Comparison of kinematic data of hip in coronal plane

between free arm swing and arm restriction

Range of motion(degree)

Speed Free (n=40) Restricted (n=40)
2 km/hr 133 £ 33 123 = 28
4 km/hr 126 = 23 11.3 = 24
6 km/hr 126 = 30 116 £ 35

Values are mean T standard deviation.

*; p value < 0.05

2m/hr
1
B /\_\
o
-51
Abd
-1

arm restriction
Fig. 10. Comparison of kinematic data of hip in coronal plane between

free arm swing and arm restriction.
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o gAY SFFEAH uu

Z27] A7 Hd n@d H3d Idxe EE SE4 4R 2 AR
e 9 Je AolE /EFY £ AU, GIA AAIAAE FH4
km/hr), 246 km/hr) 23 A9 Hd 2@ A e 4AE 1A
€ 9 4 HF 114%, 11252, ZAE DA &%kE 9 FF 100%,
9.6%xl Blal &2 A F 7138 A THp<0.05), (Table 10, Fig. 11).

Table 10. Comparison of kinematic data of hip in transverse plane

between free arm swing and arm restriction

Free (n=40) Restricted (n=40)

Max. Hip IR Angle at Loading Response

2 km/hr 60 £ 55 6.7 £ 58

4 km/hr 33 * 68 19 £ 63

6 km/hr 32 £ 72 05 £ 81
Max. Hip ER Angle at Single Support

2 km/hr 125 £ 59 11.7 £ 57

4 km/hr 100 * 6.1 114 * 67

6 km/hr 96 £ 46 112 = 60°

Values are mean * standard deviation.
*, p value < 0.05

IR, Internal rotation, ER; External rotation
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Fig. 11. Comparison of kinematic data of hip in transverse plane between

free arm swing and arm restriction.

6. 71e} 3x Bde TTILRH A& v

£uAS A4, BAVAAE A 2 o) BE AHo)E BIY 5 UL
M, ZRUAAE ALY L FUeld 34X 17 4% B AolE BF T 4
g,



V. a1 3

AY B2 F& & FhoA T8 FAZ oFde ALZ MUY o9 ¥
A7 BFHAT AAHeR AEete dojues AT 5/ A olF Wy
tHPerry, 1992). 1] B¥Y¥L FEFHE g L o/ &3 Yx, F dt
€ ol&3td HY HYdr] o my Aoz AAE A{FEA &
}.(Gage, 1991).

Perrye B3 A AA9 Z4te]dt FJE o]F H(locomotor portion)ZE, =4t
A% B9 E o2 ¥(passenger portion)2 T#3& o2 E(passenger portion)
£ ©°]% % (locomotor portion)Z= &l FE5H< %Zl‘ﬁé- Hoj7|RtE
HQ FAYe] AYA ¥L Aolztn A A EHA). Ralston® A4 AU
o2 3t BEYF uA ARFS FAHE & A, AAY 1HLS
AA BAE 2HIAE Aol ¥ oA AR wXE FIdo] HAG
Byste, 429 Aol FFHoMETGE FFHY Y YA ¥E
I FA39 cH(Ralston, 1965; Perry, 1992). HtHol Elftmane H & F o] Abz|e]

SAYL 9 AR Tl ofva, B o] o JEge 4FE Aol
I FAHAUT Murray 5(1967)& RYF7]Fte] AldHN A AdRe) A<
o] dAEHA doidE FFdd EF}3H L, Fernandez-Ballesteros % (1965)
S FHAIZHEE ol &3 By FUF AT AUl FA 2§ 53 AAE

o
off

o

3

k<)
o

fl
=

AAZo] BAsEd R Budtdt Jackson F(1978) = 23 %L wE B
e A& ZHEANZ/ EPA AT HHE 2AGa & Perry,
Ralston® = 4utd A#AE B A d(Elftman, 1939 Fernandez-Ballesteros %,
1965; Ralston, 1965; Murray ¥, 1967; Jackson %, 1978; Perry, 1992). 23y}
7)€ gifEe BREL FA9 gAYl ojuF J¥E Fu= AL FI
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Juche oW dde) g ojdE AWE ANsEH 2T U B AT
AME treadmilll N 2 km/hr, 4 km/hr, 6 km/hre] £E2 29E o =3 &
2@ km/hnolHE AXE 2W A ANE DASA ¥ el Hle) oy
2R FAHYT, BE 5 4 kmhre) $E2 2 Aoje X9 14 o
57 iR AR G¥e vINA &L BIY & AYT. THY 6 km/hr
o we ®y Aot 4XE TAFAL WE ANE LHAA Fke Wl v
§ vE DulaxT EASHAeE o) A A AR FAEE BEE £
2191t} o)& Ralston®) X T(Ralston, 1965)9he At 2oz Axel §39o]
3 e £Eo By A JuA BE BAYL 29E & YU =W &
22 2y AoE 4AF 2SUL @7 U 2B Qe ol ofn}
B AToA Pojn £5YANH B4 23 =Y £59 4 1W AR
e 4% Az SAe gFdel e Aol BAL 4+ YUY Aoz B
of 479 2 ARel BAYC) AT AN oUx 22E HELY YA
SUTL AZEE, W] 4xE 1R AdE 4A £52%Y ¥Fo] Yojut
A gob AR £FOE AP AU A% FaH FAH oA 227}
Za% Aol obdrt AztEth. 22U Femandez -Ballesteros 59 1o o3
W 4AE 13 NdE AV VWY £52 VLY & Aoz SRey

(Fernandez -Ballesteros %, 1965), 42 & AN weo ZAAHE 529

+

& AR/t AAE TASHA E%g ol v B Aol Hole Ao HE &
Aol ol FojX A gttt FF A A Fo B}E FA =59 Y= o
d AFAHY EAHE g0 B AFdA B2 RYPSEe ©@E U 229
apolo] gk B Aol st Aoz ARG BF £E2 EYPT g
E AR 22&e o] AA nAH AR B Zel7t e ol 47 7]
€@ uisl o] AAoA A2RHE Ay FE FL2SAT, A R MBAA
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o] oz ARIF F7HEO ojEo] ME AHH7 WP AZdY. ®WE &
T2 RY A AAE nAHSHAE W 2 Aol w3 oA AR & FriEE
AEe =¥ £z By ARG wE 2 A dHAo| HAFNIL(UEE T
1996), ¢ez2 4rteie HAXFHol "L HasAEHY & Z{o FAA
(concentric) R HAA(eccentric) FFo°] LAHAE A B UL A=
AZ4EHMurray %, 1984). 5 A NA o] BEHE AWz7t AAE ATl
wtel ZaEA HA, sk F Azl ez e AuAst F438 F7het
7l jEo2 HZEY. ol Jackson Fol A8 FAPL AYA BREd B
& Aojgtx A& upet A Fh(Jackson F, 1983).

H 2 §o] o ATFAEC] AAE nAHAUL W e FAY] WE
HaAste Ax9 JEg FHsnx stn Yok Marks & F9 FAAHAL o
4og st Az stHetg HOL & o83ty $F AAE 2JH F FEY
83 (kinematic) ¥4g & Z3 A9 FHHA olFel Wyt Arjxn, @
A3 (trajectory)Z wi$ EAXASA HAew, 7+ BAY &7 HEHAS S

e

to

BIEH I, Sigg T BHY =ULS L2 39 2349 v A2YE o
43t & HAE A A FY AN P BHE A Y
o, 2 A n@EHY Ho 2F =7 a4z FaAHY FHEANT FUe
€ B3t AR Yol B FAQA stA e FHYN IF¥L 9A F
ATt A+ Mark, 1997; Sigg ¥, 1997).

2 dFdME 4F FAE nAEq A5 AF L dAY 2, nvde ¥
Y23 A7 ¥3E B V1S9 AT v AFE AU

53 #g £x2 232 SAe W ¢F YANE A 2 Wl w4
2 AgAAE AFA 427 ZaHAT, #dd R g9 23NN S

gga, FwklMe Al FAFA ZdE7F Fobsta, B4EY EFEA
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Zastn, YN wax A7) 5L NHHAYD, ZBPANE A4

A 230 FAHR, BLWANE SFUAF BART, YN A A
A7) B¢ 98 de] FAsA 2 ol& Mark ¥ Sigg®l £F¥AH 2w
Mol Asste ol7t UTh(Mark, 1997: Sigg 5, 1997). ol= obvtE 7|2
AFNME §F 4V wl Rl DY W B ATANE I3 AAE
ZYRANA mAse] A nFPPo| Aot Uy WEoz AzEW, Ed
7129 ATFNHE HULE o §F oAU BHL YLy wa) B AT

AME 34U FHENE ol &3A7] HELZ At

FAZE o @ qEe F AV disiAE B UHA FHde] dedH A WA
E By S9Re] Adddrg 3do] AAd M 22 wgFoz A
o] dojuA Hi, ol FA7} wid] Woz 3Ho] doju} BAFELE Frh
E Aoz ZAY HYdL F TEE FAE 4L & Holgte Aoln
(Murray 5, 1967, Hogue, 1969; Ohsato, 1993), & WA 2 &3] 4 vixp 2

A} F(spinal rhythm generator)o] oA oy AA2elE Ao

o
e
N

olth(Griller ¥ Zannger, 1975). Al HAZ A= 2] &

€ F=A =8 f=se Holw(Jackson T, 1978), ¥l MAZ AR &
o AYA £RAE EFEIL AM AAY AUALEE FaA7Ie E4Y A
olgt= ZAolth(Jackson T, 1978). & A+9 ZAAE E£Msd & o 4X& 1
Aol ot A5 Azto]l RyPA Aol HoAA & A(Wolfson F, 1990), ©l
2 A& A5 ATE HE sl Aol doduA He A2 ARH A,
EF BAUAMY AR A TFHAE FUAA 53 AV dEA A
2171 B¢ dojvke FA F4ol d&Avldl e HAY FHoz olFde AL
WA e Aoz Qs Av, AF Azle] HE FAIHAE A9 A 24
o2 Zwo] AFoZ V)& FAAAY Zwe FFHATL TS



Hi, 1@de] A By F7) T FFo| dojvtm, AR MY BEAAAAY
TEEY T F 477 LY AR AT WA SR U@ il F 39
FZ71 ¢ wel FA FA dv) fE FAHAAMY n@dH] EFHAVL
Zazte Aoz AZEd. 28y B g 4 d3¥E 47 9 2
gho]l AAAL ZEE BYF7IEd F/AA Fo Aol FA FAELE €718 &
3, AF ALFH n@/He] o)F EAsr] A& EFFLH WHEE 2P T
Ue Aoz AZA AANE nAHIAES W JDHAMY FF ALY &FH
A9 F7te AL 9y 7t F o] FoA A ot He] @A AAIF
At dojubE Wizdoe] Fute] A datA] A7) < NIAAHA =HY, o
2 QAY B HBoz 3@dol JIMHE Aoz AR 4AE nAHA
€ W AR AR FDHAMY EFHEH F7F = dEA AA7] T U3
He A7 e thele] 2H ¢Bog FA FAL $Ho2H HAPL &
B Aoz A=Y AW, tE FHoRE AR Aol WA FozH ofr|d
B S BAdtee AoZ Y 5 o webA ol dH 5
ded e 43 13 FoE dAAA AIHE KAl HHoE 4
e, o] Qs 4A nH A ME £x o BPA HF2rrREe] FHEAY A
o2 AAE(Fig. 12). ol EYA] T3 ¢HAL, 4 ¥99 834 AX 2 &F
A A7 ¥yt 53 ALY AA FAE AT AAE WA AT B
I (Hirschfeld 3 Forssberg, 1991)¢} 3328l B3 &£xo W3yt RAES

o)

c

fFAtHE o Ald2A A2E WA s B 3(Gollhoper 5, 1986)9t = o
AR A=



Balance problem ? |€| Arm restriction | Progression problem ?

A2 — v
upper | Posterior tilt M T of <« ROM T of
trunk | sagittal plane coronal plane transverse plane

v v A 4

) Anterior tilt ROM [ of IR Tat SST
pelvis | sagittal plane coronal plane transverse plane

W "4 A
hip FlexionT ROM [lof ERT at SST

sagittal plane coronal plane transverse plane

v v v

Energy Consumption T

Fig. 12. Possible Estimated Mechanism of Free Arm Swing on Gait

ROM,; range of motion, IR; internal rotation, ER; external rotation

SST; single support time




v.d E

o

2 ATdME 20-3009) B4 0We WYe s 4NE 1AW
A%sh 4AE DPHA #& A9E ol =@ $EQ kv, BE &=
(4 kmv/hr), B $E6 km/hr)d 03¢ BREEe] gt 42LRFS F3
B3, 4% ALS TEE LFIYUH AEE 34U A BYIE o g3

o Agem, 1 AHE vE BHatd e 2L ARE AU

. =8 £5Q2 km/hnNE 23T we AAE 23 ¢ AAE nASHA &
2 AFEY dgUA AR AR HYey, #wE $2(6 km/hr)z 23
g dole FAE LFT A7 AAE LAGFA ¥ BFEG YA &E
7t S 30A B RXTHp<0.05).

2. AL AAE A AS, AAE nAHHA L& Ao BF BE &

AAAA AP AFR Z 7kl A A AL ZHE(anterior tilt angle)7F 9 UAl 4

A, B £5(6 km/hr)2 BPA F4H R JDdAN AR AP &F

HAE 99 AA F7H8HA Hp<0.05).

3. 3N AAE AW AS, nAA &L 5ol HE RE SxAM AY
AL
=2

b

X

vko] M A Al Z % (anterior tilt angle)7t &l A Frtstdn, 53] w
2 236 km/hr)Al B4HE Fuke] EFHAS doJUA HisHd. A<
Hol e Fwte] EFHAE 99 AUA FrEAR, SAAR7] T 6lA
ARoz YIAHE Fdo] BE Aol EATHp<0.05).

4 nVAL AANE AT AL, DAHA G AT v RE SxA A
Adad A BYF7IEG oo A FFEH AU, #dHY 1@ ¢
A7 dAUA Fisz:, Faay @A XAy FAY YHAG=
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el AA F7HetATHp<0.05).
5. 718 The 8x Y LEFNUN AER A4Y, B4Y, JUW LT
M BA LA %o mE o9 9& Fol@ BolX Yk

o 4s AFE Mo B3 WME 452 HYY U AF=E 4AY FYYL
Az BES) E&E FE A0 AZUTh @ A 1A %ol wet Az,
29, 2B Ho& RYEH, o oftE $X 9 $3Ye] BYAe 7Y

#A 2 AAFH(limb advancement)d] 53 #Ao] QUL Aoz ALY,
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Abstract

Role of Arm Swing on Gait

Deog-Young Kim
Department of Medicine
The Graduate School, Yonsei University
(Directed by Professor Chang Il Park)

Reciprocal arm swing occurs spontaneously during walking. However, its
role and action during gait have not been yet fully investigated. In many
previous studies, the movement pattern and role of the lower extremity
during gait have been major concerns. The aims of this study were : 1) to
evaluate the effect of arm restriction on energy consumption and gait
parameters at various walking speeds; and 2) to speculate on the role of arm
swing during gait. Twenty heaithy male adults aged from 26 to 34 years
were recruited as subjects. Each subject was asked to walk at three different
speeds (2 km/hr, 4 km/hr, 6 km/hr) with or without arm restriction. The
kinematic data including upper trunk movement were collected using a
3-dimensional gait analyzer, VICON 370 system (Oxford Metrics Ltd, UK.)
with 6 cameras. Oxygen consumption was assessed on a treadmill using
KB1-C metabolic analyzing system (Aerosport Inc., U.S.A.). Differences in
energy consumption, temporospatial data, and kinematic data between with
and without arm restricion were evaluated by paired t-test. Results were

estimated to be statistically significant when the p value was less than 0.05.



The results were as follows:
1. At slow speed walking(2 km/hr), the oxygen consumption rate with arm
restriction was significantly lower compared to without arm restriction. At
medium speed walking(dkm/hr), there was no significant difference in the
oxygen consumption rate according to arm restriction. However, the oxygen
consumption rate with arm restriction was significantly increased at fast
speed walking (6km/hr) compared to without arm restriction.
2. While the arms were restricted, the anterior tilt angle of the upper trunk
decreased, and the range of motion of the upper trunk in the coronal and
transverse plane increased at 6 km/hr walking speed, compared to without
arm restriction.
3. While the arms were restricted, the anterior pelvic tilting angle
significantly increased, the range of motion of the pelvis in the coronal plane
decreased at all speeds, while the range of motion in the transverse plane
increased at fast walking speed(6 km/hr), and the pelvis was internally
rotated at single support time, compared to without arm restriction (p<0.05).
4. While the arms were restricted, the maximal flexion angle of the hip
increased, the range of motion in the coronal plane decreased and the
external rotation angle at single support time in the transverse plane of the
hip increased, compared to without arm restriction
5. The kinematic data of the knee and ankle showed no significant
differences according to arm restriction.

These results revealed that arm restriction while walking resulted in

minimal, significant changes of the Kinematic data of the upper trunk, pelvis



and hip joint in all three planes, and also in changes of energy consumption,
especially at fast walking. It suggests that arm swing might have a role in
energy conservation at fast walking. The changes of kinematic data for the
trunk, pelvis and hip joints with arms restricted were regarded as
compensatory patterns for providing better limb advancement and stability.
Therefore, arm swing on gait was considered to have roles in energy

conservation at fast walking, and in getting better limb advancement and

stability.

Key Words: arm swing, gait analysis, energy consumption
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