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ABSTRACT

A Kinematic Analysis of Gait Patterns between the Normal Men and the Lower Limb
Handicapped

Kim, Moo-Young*(Chonbuk National University)

M. Y. KIM. A Kinematic analysis of gait patterns between the normal men and the
handicapped. Korean Journal of Sport Biomechanics, Vol. 13, No.3, pp. 163-180, 2003. This paper
aims at collecting the guantitative data of kenematic variables by analysing the gait patterns of
the normal adult men and the handicapped. The gait motions were taped with 4 video cameras,
the cinematographic analyses were performed by the DLT technique of three dimensional image
treatment.

The following results were obtained in the analysis of the variables:

1. The ratio of stance time and swing time did not show any significant difference in the
groups of the normal men and the handicapped when both foot of the former and the right
feet of the latter were compared. The stride peeriod time of these two groups were 1.12 and
1.11 second, respectively.
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2. In the handicapped group, the step width was wider, the step length and stride length were
shorter, and especially, the step length of the right foot was shorter.

3. The small vertical displacement of left toes of the handicapped group showed that the heal
contact and the left midstance are almost simultaneous.

4. The two groups have almost the same horizontal displacement of the center of gravity and
the same vertical rate of extension. In view of the velocity of the center of gravity the
normal adults showed the constant speed of movement. However, the handicapped adults -
were reduced from the right midstance to the right toe-off.

5. The handicapped showed prominently low angle on the left toe-off in the ankle joint angle,
they also had the tendency to walk in the patterns of extended knee in the knee joint angle.

_ Both the handicapped and the normal had the hyperextension on the toe-off in the hip joint
angle. In the back and front angle of body, both showed the slightly back-sided walking
positions. 7

6. Both groups had the abduction of both feet in foot placement angle, but the handicapped

did not show serious abduction of left midstance.
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1. o7 Di&kRL

2 A7 ddAe 94 33EAH A BA 47 398S udoE g APA F 46
®) S5GH), S66H)= aclvtule] g AZrie] AN Fohatoln HYPrY UAH 4L < ® 1>

3} 2.

E L AFOAAR] AME 5Y

Y. ik ks A A (em) = #(cm) 3151 9 (cm)
(yrs) (cm) (ke) # + 3} < 2 o

51 428 1690 730 85 840 670 673 98 505

NM $2 405 1722 705 86 843 675 679 95 505
3 382 1715 693 840 84l 681 680 67 663

M+SD 4054230 17064226 709:189 84.0:055 841:015 67.5:055 67.7:981 553:9.81 5561927

St 421 1613 615 762 81 455 625 95 453

HC S5 431 1652 645 785 832 01 61 37 445
S6 392 1661 662 771 815 45 624 371 462

MsSD 455+2.03 16424255 64.1:238 77.3+1.16 81.9:1.12

43.0£216 627038 36.8£0.95 45.3£0.85

NM: normal men, HC: the handicapped
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49 Aue MAE FVRE HS 99 FAREL HYTHL 448 $PY ¢ US A=
M A9, R ARG BE} H%ol 27 2he] AplE BAstT, BY A Aol 7}
HeE A% A7 FAUEES 238 89D F, o8 AA S

(2) B3 F719k B4 oWE

B #ZF7)(gait cycle)E A A 7|(stance phase)$} H|F7](swing phase) £ FEEH AW B} A7
Hy Felo] g4 £42 st 28 29 FH Y (stride length) 3 9 BRAS FAM a3 2
o] 87}¢] oJHlE(event)S HA3}Hon,

A 1 o)y ] E : 284 JEA AZE1 (right heel contact 1 : RHC 1)
A 2 ojdE : gk dvlek o] x|1(left toe-off 1 : LTO 1)
A 3 oME . 9B2W 7 {F2)A)7] (right midstance : RMS)

A 4 oHE : 99 FEX HE (left heel contact : LHC )
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A 5 oE : 224 wrlet |7 ( right toe-off : RTO )

A 6 oJHE : A Z7F A7) ( left midstance : LMS )

A7 oHE : Q8% RER] HZ 2 ( right heel contact 2 : RHC 2 )
A 8 OJHE : gt w7kt o)) 2 ( left toe-off 2 : LTO 2 )
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Loft step iength 4 Right step length
1

; | Step wicth @ I= Q . :
M Percent of Gait Cycle 100%

‘——————-—-—--—‘-'-‘-Stance phase 60% } Swing phase 40°% —'

Gait Cycle (stride period)

a2 2. 28 F7|(Rodgers, 1993)

4. A A2l % 24

vty Q. FiuEke] 89 & 60 fields/s 2 23y, B3 F2to] At HIE 47198 267
o A £ viAE FEAstd tAEte) e, dReoly F dojd 244 HAHRE o8
3o} 33k R E A7 ov] ¥3 & FAHE FEIYh

3a-d AF7 FF+= 2399 A8 H7Minterpolation) ¥ DLT(direct linear transformation)t
(Walton, 1981)& ©]83}4l3, 339 HERS A4 & o o] Z(noise)e] 3] TAs= 248 A
Ast7] 98 Butterworthe] A9 £33 BE(low-pass filter)S AMEEto g F0}4(cut-off
frequency) 6.0 Hz2 &3} (smoothing) 3ttt HIT] L FXE M= KwondD V30 T2 3L &4
SRtk aga ¥ A4 AR FHREE B YA A LEFS YF, A XSE Y
Al Rgy ekl giste] 39 wako g A
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1. RIX|A[Zhet HSAIZH & vl

BYPF AAAEH AFAL 2 vl g2 o] xHo] HE3 Adeje) X|x)7|(stance phase)st AW
A oA B e AF7)(swing phase)2 LAY 2] 488 A7t} vl&-L vt 1
3 HEYF7)(gait cycle)ZHe o Ee} 2ok

E 2 X|XAZEnt MBAZH L B8

(unit : sec)
Right foot Left foot
STP SWP GC STP SWP GC
Hondicapped  076(79)  035(321) 112 066(395)  045(405) 111
M:SD 00001(07)  0.000200.0002)  0.0002 0.000207)  0.0002(0.7) 0.04
Normal 062(608)  040(392) 102 061(61.0)  0.39(39.0) 1.00
M:SD 0.0001(06)  0.000100002)  0.0001 0.000307)  0.0002(0.7) 0.02

SIP : stance phase, SWP : swing phase, GC : gait cycle, {( ) : %

ALY A dutHoz o) #AH AFA Zﬂ"]é}:ﬂ_ ﬂh x]x]/\b( %) A3z

(40%)AF vlgo] NKIAD, BYPFIAZ G4 H3

ARDY 25 929 wgFsle RYAR vssgon, LEwe 3% myu o) 23

(679%), AZ71E FAE21%) dehd RAe Aol 295 gz AR + QoA e
2%z A,

H7Hstep width), BE(step length), 181 &1 A(stride lengthy& Q7to] HEAHQ BYFL
FPed v 23 842 ALty 9ot
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3 27 BEDN ME| Y #9% (unit = cm)
Stcp widih Step length Stride length
Right RSL/H Left LSL/H Right Legth
Handicapped 131 551 (34.2) 652 (401) 1132 1131
MzSD 01 30 27) 21 (1) 01 09
Normal 106 72.6 (429) 724 (428) 1424 1427
Mz5D 04 07 (22 02 (0.9) 01 49

R(L)SL : right(left) step length, H : height, () : %

Re A Qo] EAUEE BuAe Zolw R4 YA 27 Ask] w2
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A%e wolx, AAARVY A9 7
A RES 0% F%PEA AT & 9 FHE B

L 2Ry WiE7A Y

%°|(RHC, LHOE Yv|dtH wW7lg o]z AjgojA Adog Ry JEA714 £]([RTO, LTO)E ¢
o] gt}
E 4 Y 32X % g (unit : cm)
Right foot Left foot
RHC RTO LHC LTO
Handicapped M:SD 74404 12908 12404 12.3+03
Normal MzSD 7809 15306 6.7+09 15104
Adsd B FoA P FEAY 3 HYE Wge)x] I 4R w2 HYd] 23y,

7veel £ W9 GA AFA7L AP FAY wf £go] AAHT
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4. AdH B Bi=t

= 1:11-2].;{-] = A
QA 72 7]?13}

ZHs A& Al 5“:} ]l‘c Fe 7INEH 5L FAE BHLE 3=
Ao B
By 2 A Ax9t AHE #AHo] glrHAdrian & Cooper, 1989).
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1) QAFA =539
QAFA HA$uge BPAPPI Y5 FH02 H-g) H+He BAE Yehd Dojolnt

T 5 oY ZAle IS B9 (unit = cm)

RHC1 LTO1 RMS LHC RTO IMS RHC2 LTO2  Range

Hondicapped 06 07 17 16 04 13 06 07 45
M:5D 01 0.1 06 09 06 01 01 0.1 12
Nozmmal 01 11 19 12 07 09 01 11 40
MzSD 01 01 01 01 08 01 01 01 13

_at LTo2

frames

a7 3 ddEMel B Hs

HPE7)5eh el A TAE FATe AAFAY FuE F9 A9 By £ F
7hol wZEA vElgow, ol AYES(2001) 2 Waters(1972)9] # - %= HARY AHA 9} H)
<% FXE Bo|i Ytk

ARAFAY Fole A o] Wi AYPuart E71sstnE JAFHY Hdt MHE Qotr
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4o

6 ATl CHt olHZAlol Melzolo HIE (unit = cm)

RHC1  LTO1 RMS5 LHC RTO LMS RHC2 LTO2 Range
854 849 872 86.5 879 88.1 84.5 843 42
520 517 531 527 535 53.7 515 513 06
90.0 901 923 89.7 90.2 920 9.0 9.1 29
52.8 528 541 52.6 528 53.9 528 52.8 0.0

Handicapped

Normal

56 1

AMS =—HC —N

| RHC1 RTO
5 l

54

RHC2 LTO2

%

82

RHC1  RMS RTO RHC2  (To2

50
1 11 21 31 41 a1 61 il 81

frames

3 4 AMEMe

KIr

ofelE

RPFIIES T A A FAE FAaste QAT Faxely wsle A Jge) 9%
32 Aol gL 89 wEo] ZE ojWlEN B Aes xlojE Holx SUAEL FAU(526~
54.1%)3 ZohzH51.3~53.7%)2] 41 ‘

o

3) AFA SR
HY T QA FAHY o|TEEE WI7] Adlo] X Y, Z 3o LS FEste B8

E 7 QHSAY gMET (unit : cm/s)

RHC1 LTO1 RMS LHC RTO LMS RHC2 LTO2 AV
Handicapped 1180 115.0 98.5 89.5 1020 109.5 1180 1150 1060

M+SD 28 14 07 0.7 14 07 28 14 14
Normal . 1425 1460 1375 1425 1495 1420 1425 1460 1415
M+SD 0.7 01 0.7 0.7 0.7 14 07 01 07

AV : average velocity



Hebolnt st FofRte] e BEof CHE 2FEHH 24 173

|RHC1 : RTO RHcz _LTO2

RMS HTQ

1 11 21 31 41 51 61 71 a1

frames

J8 5 UM Sae HHET

EP&EE REolgt REE g AAHeH dAFHY HHSEE A4 L(141.5cm/s)
| oA H1060cm/s) et waA dehgor e JEA A5 A 2t o)x)A] 4
£57} o]TAAE Hole W AR Aot Fd wiol LIt o|AA 57} HaHe
S B 5 Utk AAL 21 AN HSEE B v, Aol o] offlEdM 23] W
£58 HYosH At RY¥&r a4 tEo] RYPe Y 78S 7HAHLe 9] o
Ak

A9 ARE FAHRY oA A2 A B A FAAAY 2 # - 22 WEEia 3
< 84 7 o

4

koo

LEHY 4t $PAY 38 2] ok Aold ART YZ BHd $9A BugEeld
0, B & ATE AL olun A AEE Y2EIS oujgtk

E 8 @y Zc (Unit : deg)
Right ankle joint Left ankle joint
RHC1 RMS RTO RHC2 LTO1 LHC LM5 LTO2
Handicapped 84.0 78.0 9.5 84.0 82.5 97.0 8.0 825
Mt SD 14 5.6 35 14 0.7 0.0 14 0.7
Normal 89.5 855 98.5 89.5 98.5 9.5 84.5 98.5

Mzt SD 0.7 07 21 07 26 0.7 0.7 26
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HTO\A RHC2 LTO2

HaFo] dojue Iy FAY 5L wjEZ o] 80%Y WFS AT UF FoT FFE
SHE HE 37 {47 $28 802 2ala vk (Rodgers, 1993).

8L A9 TG Bl oWEEE H&E S Holm, W oA Hulzhg el
Aom, Sojd He o JEX A=A AL wEZe] FAEE v, e Zo] Ftdt
WA SEA J2H A7) 277 BAG ol 2oiXe ok Aoy Fojz Ao o 2
TDAA7} oY L282 wE AFolF @go] dojur] Rojztu Alg g

3, Aol 39 F D Aol Yehd Aol % iz
AL A FFA} AE2H Ao F7 AA7)
B3 24YS a‘se}] 31, 3t 111]71 ‘2} %3 &5 A8 dgel s

5 ¥ dxc AW EAA SF dEs} o)FE 4ES YZ HHe FIAT Axolth
A 180, o 7S4S A AL gudty Sl

EQ FEME A (unit : deg)
Right knee joint Left knee joint
RHC1 RMS RTO RHC2 LTO1 LHC LM5 LTO2
Handicapped 1725 1520 1390 1715 120 1700 1660 1220
M+ SD 21 42 28 21 27 25 14 28
Normal 167.0 153.0 1290 167.0 1280 1695 1535 128.0

M: SD 14 14 42 14 28 21 07 28
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A 175

200 1 200 1

170 170

o ~
& 140 o _§140"f

110 110

80 * * * + : * + + 80
1 H 21 31 4 51 61 2l 81 1 1" 21 31 41 51 61 n a
frames frames
1% s es9sTEy a3 9 HEeEuEY
FAG BF 02 28 By 9%E BAZe] RE/} AW & w 180, o ke A=E
FASE Qo wiAA| el S FA(19%66) L U $F5(2001) ¢ AT HIKIA vEdTh o
o Aolzte] 744 AA7] FAAE A vig) vinA F4EE FAR glo] RFFIIEL o
Ho} 35 2Aol #AF 44 2% A R3e A A
7. AH 2
138 A5E 53 d¥7} olFE AEE A4dW(sagittal plane)e] FFste] AT A== 18
0, & 71%02 FAA% 22& Aotk
E 10, 13E 4z (unit : deg)
Right hip joint Left hip joint
RHC1 RM5 RTO RHC2 LTO1 LHC LMS LTO2
Handicapped 160.5 175.0 190.0 159.0 187.0 167.5 178.0 188.0
Mz SD 07 28 42 28 1.4 21 14 14
Normal 159.0 173.5 1915 159.0 1915 161.0 173.5 191.5

Mt 5D 06 21 21 19 21 20 21 21
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AMS RO
200 l AHC2 LTO2
" s A RTO 150 ot Lros r Loz
Rrém RMS RHCZ  1T02 e
100 = + * * + * * . 100 - * —
1 "2 31 44 5 61 718t 1 " b3l 31 4 51 61 7 81
frames frames
ag 10 $En Y- a3 1. HSDEEY
HYF7) F Wle AN £H 23 U R4S Holnk AL AYozd FAg A3
o zAd2d dgog AlgHh ol £& A= wAAYG AYIAW6)Y AT AFsks A
CA#E BolR Qou, WAET $FEQ00) 2 AVAF(NY WeRte a2 teht 9l
Rog 24y

£, ol A7 WA dFAGM o=

8 25 M32 AT
25 AFAFEE LBAAA o2 Gt TERUUEG $AFII)0IFE Abo] AEF X
3o FINA AZD A%2 vy 3 25 229 F¢) WD 7120ld I BEAFE
7120] g,
E 1N 38834 4 (unit : deg
RHC1 LTO1 RMS LHC RTO M5 RHC2 LTO2
Handicapped 4.8 72 93 83 65 48 48 72
Mzt SD 1.6 13 16 22 19 17 16 0.1
Normal 98 9.7 98 95 -101 -10.0 98 -9.7
Mz 5D 01 0.1 01 0.1 01 19 01 0.1
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RHC1 ) , . ATO , RHC2 LTO2

RMS RHC2 LTO2

frames
23 12 g8NEE%
S AUe 23 HAZF AP 42 9%oz J1eo)d AYE 23 YE BES 2 S e,
AARGE Hay 93 Axs 216} gl L} Aoz e HE 47 718D WY Wl A

E 4HE W) JES ¢ 7 AT

2 Q72 vl o Gl uis) A2 wgo] § AoR d¥HE A B
P AL B vl A2 28 Axe A7 AR B b A FHHL Ao 2
%, 30 FoE /AT Y & 9479 AU B FFE GOE THNA QA 1€ W
=3 Ao HAPY E£8, §50 HE e By e AZY digr A A
AL Qed 2 47 AP F F4Ae A ERuinte] 4] Hof yrde dFoz A
HYA ZF0] AJAR)HA e FFLE ez o

9 2%

B Zk(foot placement angle)& A x|7] Fot wEdo] YEI o]F= Alo|ZEE W BAY WAy
A ARE Y7t & 5 e A87) 2

' 12 22

(unit : deg)
Right foot Left foot
RHC RMS RTO LHC LMS LTO
Handicapped 91 5.7 28 49 19 82
Mz 5D 17 0.9 35 11 04 03
Normal 10.2 83 109 141 8.9 261

Mz SD 01 01 22 0.6 0.2 37
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ag 14 HEEZ

T AT 5 AA7] ¢ FEol AR S vehl glow, 3L 4L oA, Foja=
o)A 53] B2 Aol Uy USE ¢ AT Murray F(1970)2 B> B 68,
AE o] RS HIdilon] £ TAMT 24, 9 ZolE RYPTT LRY &3 i Fole
AT g S dehhn Qo Ze F¢ AAEA(IY W8, =) AFVE AA 27
AA7} B4l WS d2E sz, B AAVIdE A2 2EE A AFAL 8, A7
271 @7t ojAA A 2 Hj2 933 H o] Yojdrhe Sammarco(1989)9] o]&0] o] RA

S gloh A AE g B Bo] uixd s RAFT glou, Aoty A
of ulg) 22wl Bzto] A vehiglel e8] ddRg & o2 FAx IS ¢ 7 Ak

V.2 &

A79 AL A9 Y= nﬁz\c}og 75124014_} AA ZojAe BAFEE vl EAHS 5
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3o ¥ HEL gt 2o

L AR AFATY Hle2 B3 Ao s Foia Jge e vssioy, 3
A et L EWL Aol§ Holu glon, FRALLE F J& 11229 1112 289U

2 B2 Ao Ado] Wl & ¢ RIS GRge Aojx o] #gker, 538 oA
Ao BE2 o Eure] Aol Hld| Fgtch

3. oA Ade] 9 W7l AN v dehd 22 JEA JFo] dEFnAA7% A
9 FAd l?—ﬂﬁ%—% E‘-’%%‘ﬂ At

4 QAFAY 2 & WAt A 3 Folof T WA g F D vIREA Ve, 2
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A A9 ST ERdN ZAATe HY $E2 ST ojFolAn Yom, Fof
A Qe o2 37 AA7IME 28 oA TN asd.

5. wERY Axe Aoa Auy A4S, 92 oA B3 Be 4 BYL, 2R AR 3
A Aol A4 Aund Bgol AHY AN Ry AFL 92 & dow, 1w
3 A 5 4% 25 P oAA Bade ngd. 121 25 %73
8 $Ang o7t B2 7120l HYAHE A% Ak

6. H7te % Peko] e 9AE Holw o, Boa Awe] W 37 AAAE A A
o] Yolux) g AL HolT Yo

R

- u -
= - <

2718 9 590199, BATHY TR FAPY A7 TeAdHE 2F2 AT £,

71~80.
AZNQ000). BA 59 HEWs ] B2 dADRY $FARH B4 AT B Wt
%9 8.

2A7I199). 314 GARY] BAF LEASA 9l Wah ALHHL oY HAHS] £
MHIE(1986). ST THE QA oF $F AAGHA 24, Aghstn e WAl B =
T3

2~ )\
Aé i T

H

(2001). Egold A% Y =9 RARA. FT LTI, 11(2). 59~75.

i AA, YR (199). obs 2 AAdY AFE 23 Py A L FFAIA, 6(2)157~175.

NZ$ 9 29 (1993). BAER AA) A48ty 24 pagsn A§2¥x 33 =7, 9, 25~24,

A4 9 291(1997). AR APE 2 24, =5 933 A, 7(2). 207~223.

Y (1997). 34 5 b AL nael $534Y adlel UAE 9% BIASHHT A
S YA

W 9] 291(1999). AASl ohe Bald $EeY Hlm. g2al Al Ssks]%13(1)89~10L

&3 (1989). BREH 3$ hAol B3 553 B4 Foista g HAeeeE.
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