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Abstract The purpose of this study was to investigate possibility of a forward gait with backward mechanism(dance
gait) as rehabilitation and/or walking exercise by means of biomechanical variables. Thirteen professional women
dancers(age, 21.1£1.3 yrs; height, 159.3+7.2 c¢m; body mass, 45.1£8.4 kg)participated in this study. We found that
speed, stride length and double limb support time of a dance gait were more greater than backward gait, but stride
width of dance gait less than a backward gait. Maximum RoMs, moments and powers of the lower limb joints on
a dance gait were more frequent than a backward dance. These results were judged to be sufficient by the possibility

of dance gait as rehabilitation and walking exercise.

Keywords : Backward gait, Dance gait, Forward gait, Gait parameters, Joint moment & power
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Table 1. Characteristics of subjects

. Age Height
Subjects Body mass (k
j (1) (cm) y (kg
M=£SD 21.1+1.3 169.3+£7.2 55.1+£8.4

2.2 2MS=e| ZHI OHIE
Z

3)o] ¥4 =1 (Phase)} o] Wl E(Event): [Fig.

2.2.1 Mt SH(Forward gait)

P1: El(heel contact: 52| Fz AJJAIH) -
E2(foot flat: 2=¥N2=o| A Fz ZAAIH)

P2: E2(foot flat: 2~¥l2=0| A Fz HAAIF) -
E3(toe off: 2] Fz7} 0%7] A3 AlH)

Fig. 1. Forward gait event

2.2.2 SHidsi(Backward gait)a} tHAHSH(Dance
gait)
P1: El(toe contact: 12| Fz AGAH) -
E2(foot flat: ~812~0l|A] Fz FHAAIA )
P2: E2(foot flat:Z~®Rl>0l|A] Fz HAAH ) -
E3(toe off: d=e] Fz7} 057] AH Al

o
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Fig. 4. Directions of axes & standing calibration

QTM(Qualisys, Sweden)= ©]-43le 53k 221¢)
Pkl 25 + NLT(nonlinear transforrnatlon) HiH o]
oA 321 FFHde] ARE WEEr S8xX2 e
Visual-3D(C-motion Inc, USA)E ©]&3}o] 1A =g

BFek & AFAS BT

+ETA AT AEE fs ANy
9286AA(Kistler, Switzerland)«= % 8xde] ofd=21
EE] % (voltage) #E o= A4+ ™, QTM Z 213 oA
gAd wsAAS A F 3719 tAE 7 (Fx, Fy,
Fz, &9 N) o & EZ3191om &34 RHES F317]

28le] E s H(inverse dynamic method)S AH§-

st

2.4.2 Xt2 XMa| 2
59 32k ApR = wmolzd] o3 0 A A A
‘7’]0}'0:] A 957} E](low-pass filtering)E ©]-83}] &
S atila e Al BAEHE DS AABI
gate]  wE Y=ol 23 FFE|(second  order
Butterworth Bidirectional Filter)S AH&-3lAth Aok
I (cut-off  frequency)= PSD(Power  Spectrum
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Density)E 7ZMFeFaL 99.9%0 sldsl= AEe8S 2
APk 6HzE AASETE B Awgle] B4
S EE3] Slste] 339 AAR T FYRE dEEkA
om, FAE SPSS18.0S o]&ato] WIEZARHEA
(repeated measured ANOVA)S A3} T}
3. gdx&L

3.1 23l A|ZZt oi2tH|El(Parameter)

B E¥(speed)> AL R >R FP>F R
o Bl mhel B4 0 FoF AfolE B
TH(p<.05). X (stride width)> H3 ol ujz} £
ot o] 5 Ho|X| kokar, M FE(step length)> *H

Ha>ARg=-dansg o SR 93 2}
o7k vtk el 48kA AA]7](double limb
support time)= AR>S RH PSR EY FO 7
EAH SR fro|gk Apol7h HERITH<.05).

Table 2. Gait parameter

Parameter(unit) Forward gait Backward gait Dance gait p-value

Speed(m/s)  1.32:0.18  1.08£0.13 1.14£0.15 002
Stride Wid(m) 0.09£0.02  0.14£0.16  0.09£0.03 553
Stride Len(m) 1.38+0.10  1.28+0.10 135¢0.10 014
Double Limb 0604 0.19£0.05 0.20£0.05 .01

Support Time(s)

3.2 5tX|2tEe| 715 LI(ROM)

A1 ] 7HEH 9l the 2ol UERgTHTable
] B2 Jgade] A= THlcA AaE >
W E>FH e 0 8 VEREA|NE FAA O ® £

2ol & HolX] ¢k o (>.05), =20l A bR >
R g>HAE Y Fo R VeI, SAH R f9
EATH>.05).

:‘LV_XJ,] Z=Z2H 9= ShH oA ZHMR SIS A HF
g>dawe) o ek ow, SAH R {3 A}
o7k L}Ebﬂ(<.05). AWrr el ke g
(p=-008), 12} N K (p=.003)0l4 Ao)E K
Hok  w2elA FEaEe dlan s dnl e e
PJSE Tow etk on, EAFo® o3 &}e](<.05)
5 B, ARy SR (p=.000), FHEY
B 3 (p=.000)1 A ZFo]lE WU
W] FARSE THloA AR g>FE
Fg>Auteoz FAXCRE Fojgt i}ol(< 052 B4
o, A aat $R 8 (p=.005), TR} HaR
A(p=.041), ALRAT} AR 3 (p=.000)c]A] =ZF x|
o]2 BTt 20| A K> > Hb e g o
2 FAHR fostA &ZodTh>.05).
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59,
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3.3 BHIE(Moment)2} TIt¥(Power)
3.3.1 StX|
2l gdybde] 3d8S il FH BEuE

HEO| FCHRHE

=
Table 3. ROM of joint angle (Unit: degree)
Forward gait Backward gait Dance gait F p-value
Joints
Pl P2 Pl P2 Pl P2 Pl P2 Pl P2
Hip 11.61£0.48 9.08+0.37 9.95+5.26 10.85+4.37 12.23+0.84 9.04+0.53 .900 1.099 385 321
Knee 10.13+0.69 24.26+0.56 18.09+9.02 8.86+4.11 9.11+0.91 25.59+0.83 11.288  76.888 .003 .000
Ankle 9.46+0.81 10.96+0.57 13.4143.73 10.47+5.07 18.69+1.30 12.4240.76 14.035 750 .001 437
493 — Hip_angle 50.0 - Knee_angle 207 = Ankle_angle
o
i i 1 \\_(,/""\
— r g —— Forward gait
2 - o 3 \/ ~ ‘.\ — — Backward gait
E‘ 126+ // g’ 18.4 g’ -10.0 :.‘ -+ Dance gait
Nl £
- " . H \
g
240 T : T ) -13.2 T " T , -40.7 . T \
0.0 =00 100.0 0.0 =0 100.0 0.0 o0 100.0
Time (%) Time (%) Time (%)

Fig. 5. Angle of Forward, Backward & Dance gait ;
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The vertical line is the point foot flat K



(max moment)= Uh¥} ZHo] UERITHTable 4]. (>.05). Fgk w29 HURWES] A7|= diAan gy
S 2o M B ERRUES Bylen, & SRl fARE A3 {E Btk FEdde] AA

HlollA dEvde] AduvEs AR g>dane> RuEs APEa>dang>ane S0 R Uehyt

TR o EAAOR foF Aozl UERA & oW(<.05), AR AT TR H(p=.000), TR P}

SFH>.05). FH2e|A e H) malEE Aduag>r  Wlzwd(p=.000)0] 4 zto]7} vhebsith

A>T o FAHCR frofdt Abo)7t vet wad o] Ao RdEs SHl1eA $u >
WFa1(<.05), AR SR E((p=.000), 43y} z}aLis§>d4§_Ea§ so7 EAANoR Fo3l xlo]=

HAH 3 (p=.000)4 ZFo]7} LHERSLTE. HATK<05). AWEY} FUEP(p=.000), FTEY

Bl Byl Ad RiEE AR el S 3 AR 8(p=.000), AEE Y} H2EH(p=.001)°lA
17 =32 B AR RHES Hejon, wdle] SR Aol7h yEpth 3 SH20 A AR > e &>
P NARYE, FH29) FYRPE FF BUES B B3 w0 Vel BAM0R §98 Aol
gk 2E)a darpge IR F RAE, FH) B om(<05), AR Fuea(p=000), R
oM A4 HHES norh FEde) Ay wdels B3 AAR8(p=000)04 o7k ek,
SlelAM A ZREZF Yebton], SRR > dn
Poulang w0z BAH Aol mold ekt
Table 4. Moments and Powers of joints

Forward gait Backward gait Dance gait F p-value
Joints
P1 P2 Pl P2 P1 P2 P1 P2 Pl P2
Hip 0.87+0.08 1.12+0.05  0.73+0.12  0.56+0.15  0.74+0.04  0.97+0.04 2.340 66.603 128 .000
Moment
4 -4 =+ -+ =+ s
(N*m/BM) Knee  0.54+0.04  0.89+0.04  0.55£0.22  0.44+0.11 0.47+0.03  0.86+0.03 .602 53.666 498 .000
Ankle 0.75£0.06  1.47+0.02  1.49+0.22  0.58+0.13  0.51+0.05 1.51+0.03  91.747  139.352 .000 .000
Hip 2.21+0.23 1.78+0.12  1.2740.52  0.90+0.29  1.75+0.17  1.51x0.14 5.327 12.026 .017 .000
Py
ower Knee 1.31+0.18  2.07+0.13  0.99+£0.64  0.56+0.28  1.15+0.08  1.65+0.08 744 29.932 433 .000
(Watt/BM)
Ankle  0.76+0.10  4.02£0.18  3.56+1.02  1.37+0.40  1.64+0.15  4.30£0.20  58.168  70.974 .000 .000
1.4 Hip_moment 114 Knee_moment 03— Ankle_moment
N i i )
) Yo - —— Forward gait
z N e z e . z \ — — Backward gait
E -nr‘y - =ep \\/4 Enr p ;JﬁJ RN E o5 7 -+ Dance gait
ot N
. = {4 ws
ER h . 06 , . 20 T , .
0.0 00 100.0 0.0 a0 100.0 0.0 a0 100.0
Time (%) Time (%) Time (%)
Fig. 6. Moment of Forward, Backward & Dance gait ; The vertical line is the point footflat
3.4 Hip_power 2.9 Knee_power 48 Ankle_power
—— Forward gait
g P g o = g o P — — Backward gait
= ! = - = r -+ Dance gait
i 1 N \,j/
22 T T 1 -31 T 1 37 T T 1
0.0 0o 100.0 0.0 soe 100.0 0.0 oo 100.0
Time (%) Time (%) Time (%)

Fig. 7. Power of Forward, Backward & Dance gait ;

The vertical line is the point footflat
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