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—ABSTRACT —

The purpose of this investigation was to determine the intratester reliability of measurements ob-
tained with 3 Dimensional Motion Analysis System(3DMAS) by tester on normal subject. Twenty
subjects between the ages of 9 and 29(x=22) were evaluated with 3DMAS using a test~retest reli-
ability procedure after a familiarization session.

Computerized 3DMAS was done with 4 50~Hz CCD cameras connected to the ELITE system(B.
T. S., Italy) and kinetic data were collected from tne AMTI force platform(AMTIL, U. S. A). Data
were analyzed by the Eliclinic software to obtain gait parameters, joint angles and joint internal
moment and power.

Test —retest revealed intraclass correlation coefficients from .80 to .99. A series of paired t—tests
revealed no significant differences between test and retest values. Finally, it was concluded that
tester with 3DMAS could obtain reliable measurements with 3DMAS for determining kinetic, kine-
matic and gait parameters in normal subjects.
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1.4 &

25 ‘wY2 F g & AHgste olF(lo-
comotion)¢] ¥ W’ow Fel © 4 AW
ge7l & wWAEy] AfAMe ‘Holx iy 7
He Ade HEFEL Qojof gt Aol A
ZbE|ofornt @oh. EF RYE wI(H By
& A& (process) 1 Ay Roes A
S e (style) & H] E(manner)E Jeldch
BPF Aol Azte AA) FZH(human locomo-
tion)2 %3433 (kinematic)e. 2 A3}
3, A9 &Fo By A LA g
de (reactive force)o] XA o] z+ @A oF
A vz Zb A &5 F(kinetic ; T
E, moment?t Y&, power)E Ado £H4
3, B3] z; U] Tt 252 5 A
2 ZA3l= 573 ZAX(dynamic electromyo-
graphy)9} B3ld] Lo dyx #2FE& F
sl A Av]¥Z A (energy expenditure
measurement) $o| ¥ gHET}®,

ByEMe @iz BAM(observational analy-
sis)l A 71€AQ HRAUE ALLE J|&FH
A A7 AFEHAL AP o B S
HE T3 FEHA 47 FE8HA 24
7t g H o] gioh

9jZe] ZSof 1960t FRIFE BHPAF
7b @23 AYHolH gon, HYPATFE F
A& ASEL ALY I} HHE
W2}3ta A g (pathological defects)o. g2 g
wnyo wGgo|} ZF AABATE F Y
HQ 7153 Ee FAgHor M= B
olel, ¥z Fof, ZIF HYPH HYRZ
Zulel A, A AFEoE Fol F WA A
&350 Az Uopt M. AN Bd Az
Zgk Hx Qo] FHez Ee FEd 9
3 oy B ge ool HFat
axF ZH FA 4F Ry BE FAY 2
F2@-E Eopdlo &ATY FaAol U4
H3 e HFHoH HZode &30y 2yd
Fol & AF7F LA ol Fo A Ut

EYPFHE AAstde AT & ZAatdiAel
A o8 A9 FAE S o AT B4
FE FE 5 ojoktt E4e stAst A B
Aol slol AAHA 712 R8N {83}
A E8E F A& Aol

et 2 d7e SEAELd A= 9
£ 349 EFEH A2EE olgdld ByYR
A& AP HE o FARe AIEI} deA
g Yotrnz @k

II. cHet 3 gy
1. cHat
A7dAE AFFRHL Yol 2FFA Y
HHol gle g 9% 47 1084 F 203
T HBeE dglen oge HFFAYLS 22

Al, A F 603kg, HAAUFL 162.7 cmo]
A chH(Table 1).

Table 1. Demographic characteristics

Male Female

Mean SD Mean SD Total
Numbers 10 10 20
Age 244 196 196 6.92 22
Height 169.2 6.37 156.2 9.25 162.7
(cm)
weight 70 1525 506 11.99 603
(kg)

SD : Standard deviation

2. 4y

AA A BAE YR AHY Ed F
A ddd HAEE dA ¥ F Davis
Protocol*®dl| JZteted AR s 783 9
Z] (cervical vertebra 7, sacrum, left right shoul-
der, anterior superior iliac spine ; ASIS, tro-
chanter, thigh, femur epicondyle, knee, fibular
head shank, malleolus, 5th metatarsal head,
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heel) o] YA} %) (passive marker)E E AUt

Standing gage: 227§, walking gages 207}
o Ao, o9 fX&= dMFA ol
(anthropometric data ; &%, 7], #$- ASISTH
9 A, €83 ¥ 84 Ho|, sHF 2o,
9 Zwrgo)E HAFH A dFPEHE ojn
ALEE S dolr T 8 BEFHS
g dg & UYES Hol Utk 1F AAAE
31 & w(force platform) $io] MA st 2z
#de 9XNE 7Fog 34Y EFEY A2
"o 9¥E& T3cth(offset angle). 14me =B
3 2 (walkkway)E AF2HA Y AxE
g F, 5¥9 HALE AP rh(walking gage).
a3 Fure] 13E B o]&3AT. oF
APE AALE 98 ded 2 PPez ¥
FAALE R Holel& Eliclinic softwared]
oa) WA Bel B EAE Fvizt
A3l AFEZ BUlH F 3 (tracking) 33 &
584 A5 E €€ F AU

3. HEEAM Al2H

1) 598EH A2

€534 (kinematics) & &HY 9 &4, o
E 48 A A9 (displacement), £E ¢ 7tEEE
gt $EE VA2 JEdE A
o SEFAAEH Aade MM R A9
W, #He A9 old dEHe HAYSE,
Z&e, a2a V&= E V183 dE EE
BEAA Algan. HYPRHL {tog Y
stz AR EY, viHle 9oz gAY
o o2 ZidEtE ol &3 AW (sagittal pla-
ne)d A (coronal plane) 9] E2(motion) &
BAE ow AHo] A= multicamera video
informationg ©]& 3% computerized system& 2
Az1gl F2ZHE A (Expert Vision, Optotrak, Peak
Performance, Selspot, Vicon, and Watsmart) &
g F A HAdoh B mdMe 3G 9
3k &aidoe] ¢le Expert Visiongl 1gCCD
(charge coupled device)7}u]z} 4t & H 3 2 o

ateld] =3 o] HFold HX3Hd AAAE
AA sgeH, B B vAERA e EEA
# & (sampling rate) & 50 Hz¥ . £ H A A
2 € 2 w33 ¥ 2 A] 24 (active marker system
; Selspot, Watsmart, Optotrak) 3} YFAFE A A| &
] (passive marker system ; Ariel, Vicon, Peak
Performance, United Technologies, Expert Vi-
sion, and Elite)e] ¥ &7} o £ A
= WMALEAE o] &% Elite system& A4
t}.

SFHATH A2de 3AYHA BESE
(calibration) & ®A 23 F7H(walking volu-
me)oll Al &FFT F, AMEsA B JHANL
R¥=2§ wal wygsA HY FFEILRAAN
2¢o] oA dutFHQA BIPJAXE(EHF,
R, HYEE F)e ES2oAYUS AU
A RYEANAA B&, EF AWM
ZutA L AAL, n@E @Y 39 AA
5, BAEdAM Y FNERAA, n@Ee WA
A, e@de Wy oy, gel oyt Yyt F,
yudd el Fut diE AF 29 HAFY
x99 &% F& 7E + U

2) €393 AlA=(Kinetic system)

¥ &A% (force platform ; Kistler Instrument,
AMTI Bertec Corporation)& @7t 2R
g3 Ay 7 de] MFRe gdE AR
3] (ground reaction force)& ZAdedl Ab
28 o F2FL ALy HEE A
Wak(5A, &, AR nYPFrid uie}
UetllFa 2F7]d ue AE ¥hEy 9y
7t d&doz BEE W 2ge =¥ (butter-
fly diagram)& UeEllF9 49 F49 A3
oz Yehl £t B dF9Me= 72 45cem,
A2 50emQ FALZH o] AMTI force plat-
form& 14me] Hygzol 20AY Yo ¢
A st ol & AR W AYsHA 3t
o x93 HEHE FE & YU EFHY
8 Aadoz2RE AHY FFH(motion)E &
1 YEFWNA oA ARE 2HIHY 24

— 385 —



E(moment)} UE&(power)E& T¥ 4 .
By Fd Awubdgol 4 #FEe A
x Fy € £330z 4 FJnig JERUA
dd. olg 2z} #HFH FAAE FId
AARAEE F& F U3 oo digalM 2
£, Adi, B Fxo o AL WARHE
(internal moment)& F& 4 on, £§F @
9o ZlES &R E Fid HYFI)gelA
AR E oEA Fosti HYAINE=AE Y
Bl F& dE(power)E 7 4 Ut

4 A 24

B 7o ENgEL O 185U 2 F
S(step)e] +A & (cadence), @ T R
Frloln &, §F Ao & HFAJL AW
g ZVAMARE $&9 A EHEAN o

Al AW g 7]k 1237 o] (stride leng-
th), @ R HA ERFA 2719 oA %A
2 g7 Alele] AgE FAsld o ArlE

=8 4288 Ateg Uwy BgEz(wak-
ing velocity), @ 1#3 ¢33 2 Z3HIA
9] &%Y %A o olel (kinematic data), ® i
#d, F@EdMYg 8% o oleb(kinetic
data)& T3 HAL-APAPIYAA B
A dolete SPSS/PC+EAHAINAE
o] 83}o paired t—test® A& s},

. o3 o

Bz B&iE ICCZHe] 094, patel
0.74, R A ol= ICCEol 0.98, pgto) 0.13,
RyY&cy ICCgol 0.96, pgte] 0542 % A
AHzke} 2ol YATH(Table 2).

Table 2. Gait parameters

Test Retest
Mean SD Mean Sb ICC p

Cadence

(step/min.) 1104 10.20 110.0 8.82 94 0.74
Stride length

(cm) 121.7 10.39 123.5 12.69 .98 0.13
Walking velocity

(em/sec) 1124 14.66 113.3 14.62 .96 0.54

ICC : Intraclass correlation coefficient
SD : Standard deviation
Significant : p<0.05

18E €83 FUEY AYEAMY #H
A g $AT A3 FEHAA 447 ¢4
Z=AFF ICC3ol 08002 718 W nd
oA wrte YA 2F, €BEAN 27}
g £YA 23 283 €BFEAA f4715Q
o A 239 ICCte] 09322 713 &%
o pEE BT 0.05RT AHA FAe A=
7} 41Tl (Table 3, 4, 5).

@AM e Fnte] BA @ WA
lde @ A gde FHEAY ICC
ghol 0.88=2 71 Bstn n@de] AR F
wke] 3B 7AAL ICCgko] 0972 713 UL p
e 2E 0.051RTE AAN HALE AR
2l eH(Table 6).

ARG e Fnte WA A, T
WA 9de g de F Hee ICC
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Table 3. Hip angles in the sagittal plane

Test Retest
Mean SD Mean SD (0 p
Flexion at
heel strike 26.8 2.62 27.3 2.41 .91 0.18
F e, during
stance phase 26.8 2.62 27.3 2.41 91 0.18
Enes. during
stance phase ~-11.0 3.56 —-10.7 3.06 .86 0.62
Flexion at
toe off 0.2 6.36 0.1 6.10 .93 0.90
Fuax, during
swing phase 28.8 4,19 29.2 2.82 .90 0.56
Total F-E
range 40.2 2.89 40.1 1.87 .83 0.87
Fae. - Maximum flexion Negative : Extension
Epa. | Maximum extension ICC : Intraclass correlation coefficient
F-E : Flexion—extension SD : Standard deviation
Pagsitive : Flexion Significant ;| p<0.05
Table 4. Knee angles in the sagittal plane
Test Retest
Mean SD Mean SD ICC p
Flexion at
heel strike 4.9 2.18 5.3 2.45 .86 0.34
Flaax, during
stance phase 11.8 3.94 128 4.86 .88 0.17
B during
stance phase 2.7 3.92 3.2 3.82 .90 0.38
Flexion at
toe off 44.3 6.40 45.6 5.36 .93 0.13
Fuax. during
swing phase 60.9 5.59 62.0 5.50 .93 0.13
Total F-E
range 58.9 6.00 59.3 5.62 86 0.70

Faax. : Maximum flexion
Eme-. - Maximum extension
F-E ! Flexion—extension
Positive : Flexion

Negative . Extension

ICC : Intraclass correlation coefficient

SD : Standard deviation
Significant ;| p<0.05
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Table 5. Ankle angles in the sagittal plane

Test Retest
Mean SD Mean sD ICC p
Flexion at
heel strike -7.2 4.80 —-8.2 4.29 .86 0.23
PFpux. during
stance phase —8.6 3.50 -9.0 3.43 .80 0.57
DF max. during
stance phase 8.8 3.23 10.0 4,50 .90 0.10
Flexion at
toe off —188 5.90 ~19.2 7.711 .83 0.78
PF . during
swing phase -19.6 6.36 -19.4 8.28 .86 0.89
Total F-E
range 28.1 5.26 29.5 5.28 .88 0.12
PF.... . Maximum plantar flexion Negative : Plantar flexion
DEqw. - Maximum dorsiflexion ICC : Intraclass correlation coefficient
PF-DF : Plantar flexion-dorsiflexion SD : Standard deviation
Positive . Dorsiflexion Significant : p<0.05
Table 6. Angles in the coronal plane
Test Retest
Mean sSb Mean SD iCC p
Pelvic Up 5.8 3.12 6.2 2.97 .96 0.17
obliquity Down —24 4.67 —-24 5.15 .97 1.00
Total 8.2 1.99 8.6 2.50 .89 0.31
Hip Abduction -1.6 3.57 -1.2 3.19 .97 0.22
Adduction 9.0 3.46 9.9 3.60 .95 0.29
Total 10.6 2.63 11.5 3.44 .88 0.12

Positive . Up, adduction
Negative : Down, abduction
ICC : Intraclass correlation coefficient

gtol 0.812 7}3 wgton wrel W3 He ICC
ol 0.928 713 Eokow pge EF 0.05H
o AA HAAzte AF =7 A (Table 7).

Ao Aol Fute] FAlME Fike] A
WaALel % Helo] ICCHo] 0.942 JH3 ¥t
3 Zgke] AR YAAe ICC3Eo] 0.972 7}
F %oy pgte BF FARLe APEI} A
Al Vet (Table 8).

SD : Standard deviation
Significant : p<0.05

1@ ZFHQGAe W2 29 E(internal
moment)& F&AH e UF wFEFFRdEe
ICCge] 0.830.2 713 w3ta £@deo U3
ZFxZIRAESG nFHY W3 AARNES]
ICCZro) 0952 71 Bgtem pite 2% 3
ArzEel AP =7 A JELsoh(Table 9).

A= 487 F5He dE(power)®
@AM A HAZ A4 dEF &5
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Table 7. Angles in the transverse plane

Test Retest
Mean SD Mean SD ICC p
Pelvic IR 2.1 3.54 2.2 3.39 .90 0.84
rotation ER —4.9 3.78 —4.9 3.07 .89 1.00
Total 7.0 4.16 71 3.54 .88 0.88
Foot IR —10.3 3.47 -10.5 4.77 92 0.77
rotation ER —22.6 3.84 —24.2 3.52 .85 0.33
Total 12.8 2.94 13.8 3.88 .81 0.20
Positive, IR : Internal rotation
Negative, ER . External rotation
ICC : Intraclass correlation coefficient
SD : Standard deviation
Significant : p<0.05
Table 8. Pelvic tilt angles in the sagittal plane
Test Retest
Mean SD Mean SD ICC p
Anterior Maximum 16.9 461 16.5 4.50 97 0.31
pelvic tilt Minimum 145 4.04 13.8 391 .96 0.09
Total 2.4 1.35 2.7 1.34 94 0.81
ICC : Intraclass correlation coefficient
SD : Standard deviation
Significant : p<0.05
Table 9. Internal moments about hip and ankle joints
Test Retest
Mean(Nxcm/kg) SD Mean(Nxcm/kg) SD ICC p
Hip
Abduction 46.3 19.34 49.3 21.46 .93 0.27
Extension 29.2 12.94 29.1 11.99 .95 0.94
Flexion —60.4 22.51 —58.5 18.59 .90 0.56
Ankle
Dorsiflexion —-4.0 3.06 —35 1.84 .83 0.41
Plantar flexion 64.7 28.97 70.0 27.89 .95 0.10

Positive ; Abduction and extension of the hip, plantar flexion of the ankle
Negative : Flexion of the hip, dorsiflexion of the ankle

ICC : Intraclass correlation coefficient

SD ; Standard deviation

Significant : p<0.05
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Table 10. Joint powers in the sagittal plane

Test Retest
Mean(watt/kg) SD Mean SD ICC p

Hip

H1 0.33 0.14 0.32 0.15 .88 0.58

H2 —0.34 0.19 —0.29 0.11 .88 0.20

H3 0.85 0.38 0.85 0.36 .94 0.93
Ankle

Al —-0.23 0.08 —-0.25 0.08 91 0.08

A2 1.91 0.67 1.94 0.68 .99 042

Positive . Generation power
Negative | Absorption power
ICC : Intraclass correlation coefficient

He 9§89 ICCgo) 0.882 714 ¥ty £
AMe HAsE ICCgeol 0992 713 &%
o pgte 2T 0.05RT AA At ¥
=7} A icH(Table 10).

ols} o] ZAbe} HARZte) ICCZtE 0.80¢)
ARE 0997122 ARBAZ ¥31 p@e B
o 00580 & grolmz HA-AFAPEY
o doAA HAMZS RA=IE AU

V.2 &

B e mAaxe WHsdAHEgd 84
9 mzz)d dHLA(FY 84)d o 2t
A F glooz A RYPYPHE FFA
AAEE) A8 AAEA o W 2A ¢ F A
dRge Yeirt H=ES s 2P Y
o oj3H By $xrt BPFHAAR 2 AW
g 1 B 9%E vAg . o
o ¥ AAle Ad@ IdFA7E 4H.AGHI
gt £ 84)o ¥ L G P dF
T S22 AL F UEF 3o BRYET
AA=7E e ez eyt dwtxior
A& 2~3 BH(stride)Fo] BYYEIr} A
Heg, HE 8m ol A & F Hrlsjor
ok #qOg®. B RygREMHe wnyg=y
14my7] W&o o] EAz A4 F A& L2

SD : Standard deviation
Significant : p<0.05

e 24 F duh

BPF7A 447 54T H2E
A& otd G AR AHog FolA
3t A RYPYPH E 2AY 5 dom=
AArAZY B A B AZgAE 2FEH
A QAR AA28A 53 8L g Ay
MEE Pk Y& e = A g4 He 3
S ZAEsA wAYE A9 339y &
87t 943 georg gAY § o
21 ZJ& 9o A5 E 93

Davisg] protocol*®™ ) 2l&] WIALEX g 9
AE Agd B 249 R HEgsis
BEA 9 D)7 ojgf o] FH o] Atojol Ao &7
g dEo yrle ¥ & 47 Aoy, HFE
Ao vAE 4T FAsHE e o
vz, azln 49 Y-S HH@e Hol
of AdlFoz ofF HL I FIGEI
N Axde A9 IFE vHA @R
gk, Ao A9 W e g ANIFE 54
ste A AT &7t Adg Atk X3
= ity Alokd 3] oEsy o=
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AlZLE HHALERE Bole YAd & aE
Zol7] s 2& AAAT AT AA 4 &
Qa, AAP=AZAREHA oA AP o
ige] e Hol A=/t FLALRE UE
gk &3 A9 AU wAEy] A3 o
pojelel FAS Y 4 2HYE 2
2 %E F A& Aol

B o=nM Ao Eliclinic softwared] $}o]A
A ZAdoletE 53 BHY FHEE AN
ARE FAL FIUAL ez FHEHAR
Aol ofo]A oo wE A= URY %

Ao, oo daiME 712HI BIAFH
"dag Aoz YA
v.dg 8
B ARESL 1994 10958 129717 F
Aql 20We oz zhzhol AR A
A—ARAALE AlEte AAREY] APEE R

Aate g 22 AHE LT

1) B4, @8%0 Zo|, & F 7
AHZte] A@EE EAAoZ #F98A =it
(p>0.05).

2) 194, €34, FHE Y ANH, BEH,
YgaddgA e #EATE FA-AHANEY O
Aol AF =7 FRAH(p>0.05).

3) Aol APEE BT AAL-AAHAL
oy @M, SHHAMY WF EHE
gL 25 AP =S YAHp>0.05).

olAte]l Az Hol 344 EFEHA TS
o] &3 HBEM QojAM F HAIZE HE=
7} Ao wakd goz oA Xgd
T g7 gAY BAFe Hrh AY Ry
HA Bygo] vudAR, od8 YAGeHA o
T T A#H FHriETFE AMgE F U
Aol

¥
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uALF 3 Y %
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