"2z, 2ul

IS XL TN

o aE\XI o5
@ &\

LT
NROY @

N

§

The Journal Korean Society of Physical Therapy ;%y e,

“Hrybgolstatolg, xSt S22}, 'S =0l HY

A Study on Kinetic Gait Analysis of the Normal Adult

Geon Kim, PT, MS; Na-Mi Yoon, PT'

Hyun Dae Family Clinic; ]Department of Physical Therapy, Mokpo Science University

Purpose: This study reports the basic reference data of the specific gait parameters for Korean normal adults.

Methods: The basic gait parameters were extracted from 73 Adults (35 men and 38 women), 18 to 33 years of age,

using a Vicon MX motion analysis system. The segment kinetics, such as joint moment and power, was analyzed at the

hip, knee and ankle.

Results: The motion patterns are typically associated with a specific phase of the gait cycle. The temporal-spatial gait

parameters of Korean normal adults, such as cadence, walking speed, stride length, single support and double support,

were similar to the other western reference data. The kinetic parameters of Korean normal adults, such as joint

moments of force, joint mechanical power generation or absorption and ground reaction forces, were also similar to

other western reference datasets.

Conclusion: This study demonstrates that objective gait analysis can be used to document the gait patterns of normal

healthy adults. The techniques of 3-dimensional temporal-spatial gait parameters and kinematic parameters analysis can
provide a detailed biomechanical description of a normal and pathological gait.
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(three-dimensional) H8EA0] o]
AR Hgae] ReluT HaReR U dAHoR §
SobAL Qe BT HYEY 40 34
0] Sfol Aol AR BT S Ao
= o7E HE 4 9k

1990 dof| S01¢} FKforce plate), 4 -Hx(dynamic
electromyography), ZEX|Z} A|AEl(marker system)S 2t A}
ol ARl BANSAA, Gagol B goR
3349 B LEoT SE A (kineric) MARHS A4
AL, Lee 5 S0l Bolel Bael MR oo}y
g 2YE SIo OLGELE. o2l 39U SFAT 2

i)
il
sk
3
5
O.
_?‘E
2
e
(N
b

-
ofstd] £ 71ee AN AT 9 Bae] AXost B4y
& AWs| B sk, Hoels Ajgels @ gRel,

]

ofs} Holollx| Amatel JbA waEAel Warol F

A2 0J5)
dfeei A3 1 Fade] YrE gl
w9 el AR B Fat A BHe B B

HE(joint moment)E ARESH= Ao o8 & B % (muscle
activity) & SR Aojth A7k FAR2 WS dor|=
Fol 4 RS AolollA ] Ext ] Aatelw, ol M
= 497)= 99 582 FdH(torque) E= 7| RHIEZ AL
o). HHEE= 283t Fl(muscle force) 2} 3JHZ 1 3]
G Abole] AA(lever arm)E 13 7| 279} 5
Azt g wEojug O 24 @e9le wE F97] vE(N - m)
A W BHEE O wEAY 2 BAEE FE5H7] S8

oo

UE(power)> T £ (shortening velocity) 2} 12
Sk Aol ofsf Ak o gl WEEolr dEY &
A9 7} & (angular velocity)ol] ¥ RHIEE Fsto] 5]
T qlew 7IA9e] @els AEW) = SAu= 249 &
UE2 Mol 258 AR 4 AlE #5408 A4
b olef B9 Fow) S 2eFe] F5Hel ot
7] sl A" = ek A LE(positive power)

ol r10 ﬂ.IlO
o ol

o
<

tlo rlo o 4> L

7H)Z|1aL & oA sk ol ol 4=3iE FHEolA
O] oA A/d(generation)E Om|shH, 54 UE(negative
power)> HHIES} 7 &7} vic) Wpgko g R85k wjo] HA
3 &5 7H71aL AAR oy thE dlof tidste] 43
=) oA oA E<x(absorption) S 2Ju]glttt. wioF 7t
H&7t Blzero) Q1 Afolls WA ALY FEE
olrgt A= §IA Hetl, ol ubte] Wb Aldo] 5
7RI B3 554 fidactive flows)o] 5T &S F
3 & Adohs W, 54 i (passive flows) & W& 1

A Study on Kinetic Gait Analysis of the Normal Adult

AAE B3l AL 7 e, olddt 54 g Bl
CRR BT

Slshopl §091% S e SolH A
9F(ground reaction force, GRF) A&+ ml-$- 5935 Q40|
W, F2 F 7] SER ARgEE AA, FFdsHinverse
dynamic) 2E5 o]gsto] A o W F99 L5
o] Qe aohly] i A RAEY B 7 o 259
A 2AmS FE510 oS Foh=tl AREL Sl AW
shde] W T A1) s BAS Fate] AARIEE B}l
EL E9 A3 uluE sher] AECE Awibee 2
A HsKvertical load), %F(anteroposterior, AP)Q} U=
(mediolateral, ML) Z©t2(shear force) 02 AL o] =1
olejat 37le] Sk A WEIS TE7) 9l AnE
4 oo mgEye) F 2w St 2 BYES Ages
AN gl E7IAAol AR A HRbdE wE = TVEK] 9l
© FA B0 o) ABHoR AZErE 4+ glov) ol
A 2 BHES 24op Bok 0% 28 BES AP A
o= Auure we Pie] 23S (usy] ARt
stefeke S WEREA w9 Aok PERAE
o) Aetelnlt 2j0] A3l BAS Frh e o4

AL glof Al A BIIA R85 282 4 Qe
S

i

W] B
gtk JEi A SaE B ATES Suuw gy
S%5aka HolEnt, i mUlESL EMG A3 59g Rsh
9l W Awhe ofude) thek AT wlie A4l
TR0 weby B ATelAE olo} o] 334 FAREAoH
TS olgal TR A HE TR HREAS A
Sjol WA Fot Qlojub AZFA- b4 Ao wistel mul
E, 98, 2 Ao eFodeky was] det &
2ARE ABFOZN WA B ol Siat 71xet WA B
o] AR eakA E4E dobum, ol Baf A% el 3
A9 BARA|E olget BA50) BAHA A Badt 7|2
A A7) Sl 2 AT AAsch

H1
“ﬂ
o
i
4>
%0
Wy
olN
£
_>|i
E
lo
=)
_}1_‘

e
ol

. A7

1. SChA

s 159 28 g e Fe nA 4 s eEoly
2| 2o] &g 22 ot AY ojuby Aeke] dAYE gl=
A AR F 73R HA 357, oA} 3870l o iRt
o] FHt AR 20.7x2.7A, AT Hat 64.2+14.0kgo] 1L,



Hat A-ZF A42= 23.0£3.7(normal weight, 20 <BMI; body
s S RlE A BE 1667,
85.4cmo|t} 3hH REIAT vlEIA O] W E(width)S
10.2cm, 6.8cmo]glor] amssryet FaHA o] s

St 379 FAEAIIS olgste] 20089 11905E 1297}

mass index<24),

HHS LA FES VY HASH WS wz} A
Aol e} Bamh AEe] o) FE3 A sk
Fo2 Foigon xR WA ARAANE YeR) Sh
A7 Hafde] AWM Bl F ARSItk WA B 37
W olod A ANSte] Hale] G F vat g2
A 0] gk B HAYS BRI T, A% AF F 5

= 5 nAa A AR B

)

|\

f
z

. o2

ofi

o

2
£

gz =9 BHPHAR= Vicon Motion Systems Limited
(Oxford, F=)¢] Vicon IQ motion capture and analysis
software(Oxford Metrics Group, ¥=) 5= WA3E PCoJ| 6
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The 3D kinetic data using a 6-camera Vicon
MX motion analysis system (Vicon, Oxford, UK).

Temporal-spatial gait parameters for normal
adult

Cadence (steps/min) 115.10+7.01
Opposite Foot Off (% cycle) 9.59+1.89
Opposite Foot Contact (% cycle) 50.27£0.65
Single Support (s) 0.410.49
Double Support (s) 0.20£0.45

Foot Off (% cycle) 59.89+1.45

Stride Length (% LL) 1.26+0.12*
Walking Speed (m/s) 1.21£0.13

Values are mean+SD
*Stride Length was normalized by lower limb length (LL)
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Joint moments for normal adult.

| EHE(moment), YE(power) £A]
APdolAe] T Zd T8 (flexion) BHIE= -0.84%0.36
Nm/kgo|1, Z|t] H(extension) HHIE 0.73+0.39Nm/kg, 3
AbHo A9 JuElid FHo W-2(adduction) ZHIE= .23+0.13
Nm/kge]™, Zd] HFH(abduction) ZHE 0.96£0.18Nm/kg,
oA ] oJYd o ¢FE =W(internal rotation) ZHl
EE 0.12+0.17Nm/kgo]1l, Z|tj 7[5 (external rotation)
THE 0.13£0.16Nm/kgo| %t Table 2, Figure 1).
AP UEO| FTGES 1.55:0.44W/kgolal, gk -
0.75+0.42W/kgo]3tHTable 2, Figure 2A).

2) FE3de] mdE, dF 74
Ao A 0] B2 Zd) HERHES -0.47+0.18Nm/kg

o, | WEWE 0.50:0.22Nm/kg, T|H0] Het
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A Hof Wikvaurs) ZHE= 0.08+0.14Nm/kgo|w, Z|tff £]
HHvalgus) =HIE 0.57£0.15Nm/kg, T o] LEHE ]
o SFREYRHEL (.24:0.18Nm/kgo]al, o 7}&EYn
HE 0.03+0.03Nm/kgo] 1t Table 2, Figure 1).

2 59 AU 0.95+0.27W/kgolal, Xagh -
1.58+0.55W/kg©|ItHTable 2, Figure 2A).

3) wEgde] BYE 98 24
Aol Ae] B 2o SEEE dorsiflexion) RAEL: -
0.23+0.16Nm/kgo|3l, Z|tff ¥Hl=ZH3(plantar flexion) =l
E 1.42+0.27Nm/kgo]¢{thTable 2, Figure 1).

HERY A& HOigke 4.90:0.93W/kgoll, Higk -
1.09£1.16W/kgo|tKTable 2, Figure 2A).
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Ground reaction forces for normal adult.

4) AR 24
Figure 2B+ T/dARe] Hal 7)o whe ekl #alE Als
(body weight, BW)ol thgt vl&E F&SE Ao SHF(AP) A
HRPE S HEREA7E Ao 2HA]S o) a2 A shHA] A
71 Als2(breaking force) 02 F5MES7|(loading response) &
oAl HH(FAP) I} 1 o] Ag Yl v off U= 5
ZH(propulsion force) 02 T7]|1Z17|(terminal stance) {42
BRUFAP2) o ® LB, WRISML) AHubdeE e A&
AU} 5 A Ho] ASS AR o fAsH To= F4
< el FolEg7] FAtelA dojus Hdf W A
(FMLDZ} o] obAds FAAA 1L F30gs S99 -
UET sl W7IYZA7IolA 9] 2o 29 FH(EML2)e]
et} &|(vertical) A|HYPEE O] sfH2 AA|Q] FA F4
o] Wi=A| "1l AT 7o aaprt Uehte 2719047
(early stance)ollAo] A WA HH(Fz1), 7I& T H= AA7}
oz F2u A FHo] ZEHEA A7le $Y4 7 (mid
stance) 9|41 2] TA7|(F20), 12jal L7]427] $of] M= 2HA
(forefoot rocker) 912 FA| F4lo] HojA|aL, PO 7h&s)
< AL 7IEPle & WA BR(F2) o2 UehfeXich

2 Skl AWNPUE(FAPL) 9] HlghS 14.0243.61%
BWolH, 24 Qb AHHbLl(FAP2)S 23.49+3.18% BW

Normalized(percent)

Normalized(percent)

2 U, Fd JelE AHdbdE(FML1)S 2.38+0.60%
BWolH, 4 o= AHehds(FML2)S 4.49+1.13% BW
2 et 42 ZwekrE o] Fz21L 113.27+£7.59% BW,
Fz0% 74.25:6.47% BW, Fz2= 107.65%5.86% BWo|Qlth
(Table 2, Figure 2B).
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Kinetic parameters for normal adult

Hip flexion moment max (Nm/kg) -0.84+0.36
Hip extension moment max (Nm/kg) 0.73+0.39
Hip adduction moment max (Nm/kg) -0.23%0.13
Hip abduction moment max (Nm/kg) 0.96+0.18

Hip internal rotation moment max (Nm/kg) 0.12+0.17
Hip external rotation moment max (Nm/kg) -0.13%0.16

Knee flexion moment max (Nm/kg) -0.47+0.18
Knee extension moment max (Nm/kg) 0.50+0.22

Knee varus moment max (Nm/kg) -0.08+0.14

Knee valgus moment max (Nm/kg) 0.57%0.15

Knee internal rotation moment max (Nm/kg) 0.24+0.18
Knee external rotation moment max (Nm/kg) -0.03%0.03
Ankle dorsiflexion moment max (Nm/kg) -0.23%0.16
Ankle plantar flexion moment max (Nm/kg) 1.42+0.27
Hip power max (W/kg) 1.55+0.44

Hip power min (W/kg) 0.75%0.42

Knee power max (W/kg) 0.95+0.27

Knee power min (W/kg) -1.58+0.55

Ankle power max (W/kg) 4.90£0.93

Ankle power min (W/kg) -1.09+1.16

AP GRF max (% BW) 14.02£3.61

AP GRF min (% BW) 23.49+3.18

ML GRF max (% BW) 2.38£0.60

ML GRE min (% BW) 4.49+1.13

Ist GRF max (% BW) 113.27+7.59

Transition peak max (% BW) 74.25+6.47
2nd GRF max (% BW) 107.65%5.86

Values are mean+SD

max: maximum

min: minimum

BW: Body weight

GRF: Ground reaction force
AP: anteroposterior

ML: mediolateral

H]|=5191 O, Perrym?/] 1.43m/s, Skinner'72] 1.39m/s2} H]
WA= Hrp Z2 HPELE HYow, HF Af 744
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e dolelts W %] Sotel 2 vt 59| Ahel B
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Ase AEE med, wewd A wSEY wdss -
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