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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¢cm; 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
: o) (cm) y mass (@
M=SD 21.1£1.3 169.3+£7.2 55.1+8.4

2.2 #AEAe T o|HE
7} wajol B4 (Phase)¥} o)Wl E(Event)i= [Fig.
1, 219} #th

2.2.1 AWH 3P (Forward gait)

P1: El(heel contact: $%2] Fz AAAIH) -
E2(foot flat: Z~El2ol|A] Fz ZAA]H)

P2: E2(foot flat: ~®12oA] Fz HAA1H) -
E3(toe off: 2] Fz7} 0%7] 214 A7)

Fig. 1. Forward gait event

2.2.2 ¥R 3 (Backward gait)®} WZ<E.3Y(Dance
gait)
P1: El(toe contact: A=2] Fz A -
E2(foot flat: ~El~0l A Fz FHAAIA )
P2: E2(foot flat: ~¥l~o| A Fz HAA1H ) -
E3(toe off: A%2] Fz7} 057] A Al4)
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of F--UHFx), % ? WEKFy), T4 8 F)S (D=
ARt on, SRy AAE 715002 2] W
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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) & AlXt8EL 99.9%°] sldshs 258S 2=
ATt 6Hz = A8k B dAmcle] 54
& BEa7) flste] 3819 AR F TR AU
oM, E71= SPSSI8.0% ol8dte] WS AT
(repeated easured ANOVA)S AH&-3Fth

3. A+A7

3.1 B3 AlFzt sle}|Ef(Parameter)

Bl e (speed)> AR >N~ H P>l g
o2 B we} SAH R o3k 2olE B
THp<.05). ZH A (stride width)> H&] 2ol whel
o8t o] & HolA| kokal, SR E(step length)> $4
He>dwtne=diane] so® FAXORE {FoT A}
o7} uehytth el %EA| A#]7|(double limb
support time)e AR ST RPSHLRY S0 7

EAROR 93 o]7} UERETH<.05).

Table 2. Gait parameter

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

Speed(m/s) 132018  1.08£0.13 1.14£0.15 .02
Stride Wid(m) 0.09+40.02  0.14+0.16  0.09+40.03 .553
Stride Len(m) 138+£0.10  1.28+0.10 13540.10 014
Double Limb 11604 0.19£0.05 0.20£0.05 001

Support_Time(s)

Table 3. ROM of joint angle

3.2 a4 o] 7HEH 9 (ROM)

s e] TSl = v 2ol YERTHTable
3] Rad JEabdel FAHSE AH1dA Hlan >
ol Eyﬂ;ﬁ o7 F9
Py_zsg>

6‘%1 fﬁ%ﬁkﬂ(>.05).

FERHA] AW FHIoA FHE >R
P>dizmel Fow vepkom, FAM R frofgh At
ol 7} 4alw<%) 59, Adgnds FuRd
(p=008), FHr a3} N2H P (p=003)o14 AFo]& B
Atk =H200A FEIES dAE >R >0
B Fo= Yepdon, SANOR fogt i¥°l(< 05)
5 B, ARy 9 E(p=.000), $HEEY}
N2~ H 8 (p=.000)° 4] ZFolE KTt

BEFE FAHY = AHloA iR g>TE
F>AHPow FAAOR {3 Ao](<.05)F KA
o, AR I FHUH Y (p=.005), FHEP} AR
W(p=041), AR AT} AW (p=000)0]4 EF 2}
o]2 Bt} w2l AR H>A R >F b o
2 SAH R FofatA] FUTH>.05).

3.3 ZHE (Moment) 2} 39](Power)
3.3.1 sA|FHe] HURdE

Bl Juade] sdEs vehls Ao ZHE

(Unit: degree)

Toi Forward gait Backward gait Dance gait F p-value
oints
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 13.41+3.73 10.47+5.07 18.69+1.30 12.42+0.76 14.035 750 .001 437
493 — Hip_angle 50.0 - Knee_angle 207 - Ankle_angle
. | y | o " -
| - ! ; y ] =h i \ —— Forward gait
o ! ~ o @ \/ g Y — — Backward gait
% 128 : — = % 18.4-1 \ % -10.04 ‘ \ -+« Diance gait
b= J_/T ° \ : -”n © "z \
;'-~. //\\%‘\ /'»I' 2
T 4‘\-\,»__ s T b T - b
-24.0 T T 3 T | -13.2 T 1 -40.7 T 3 T 1
00 829 100.0 00 0.0 100.0 0.0 i 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
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S A B FRRAES Reon o
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Table 4. Moments and Powers of joints

>.05). T3 wH2e] HRHES] A7]= AR YT
%ﬂi o] FAFSH A¥} gk Bk FERAE AlA
vE qu}ia§>ﬂliisg>frmisg Loz e
(< 05) Wl R e)(p=.000), e}
2 H 3 (p=. 000)011*1 Zpo] 7} yEbsiTh
wady W] Ao BWEE FHloA SR>
AR > AR sor EAHon §Fo3 2o
ATH<.05). AHHEY} FHE Y (p=.000), TR
3} A2 H 3(p=.000), AHE 37} BB 3 (p=.001)00 A
Zpol7b YRyttt BESE S0 A TR > ke a>
TR Fow Ut FAAOR fog AolE
Hom(<05), AdEa} FHHY(p=.000), FHH
A3t HAH F(p=.000)l4 AFo] 7} ek

~

_4

(oo o o

loi Forward gait Backward gait Dance gait F p-value
oints
P1 P2 P1 P2 P1 P2 P1 P2 P1 P2
Hip 0.87+£0.08  1.12£0.05  0.7340.12  0.56+0.15  0.74£0.04  0.97+0.04 2.340 66.603 128 .000
M t
N *‘r’:;;r;d) Knee 0.54+0.04 0.89+0.04 0558022 044+0.11 047003 0.86+0.03  .602  53.666 498 000
Ankle 0.75+£0.06  1.474+0.02  1.494+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  1.7840.12  1.2740.52  0.90+0.29  1.75+0.17  1.51+0.14 5.327 12.026 .017 .000
Power —“nce 1312008 207:0.13  0.99:064 056:028 115:0.08 1.65:008 744 29932 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
yui Hip_moment g Knee_moment 03— Ankle_moment
1 e —— Forward gait
% g \,_, — — Backward gait
§ § 0.5 \“\ /I‘/’ ----- Dance gait
4 s
19 " T 1 -06 T ! 24 T ! :
00 wa 100.0 00 et 100.0 00 e 100.0
Time (%) Time (%) Time (%)
Fig. 6. Moment of Forward, Backward & Dance gait ; The vertical line is the point footflat
34 Hip_power 29— Knee_ power 48— Ankle_power
T —— Forward gait
% DF:’ S 7 5 P S a'/i_\\\ 5 i =t — — Backward gait
= o5 . . z > E = - il Dance gait
= oy
§ J i \\,:/
22 T T 1 -3.1 T T 1 3.7 T T T 1
0.0 oo 100.0 0.0 a0 100.0 0.0 so 100.0
Time (%) Time (%) Time (%)

Fig. 7. Power of Forward, Backward & Dance gait ;
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The vertical line is the point footflat
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