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Biomechanical Analysis of Backward-walking for an efficient Motor
Rehabilitation Program
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Abstract

The purpose of this study was to verify the effect of backward walking as a rehabilitation exercise by comparing with forward walking.
Total of 20 healthy male adults who had no experience of musculoskeletal injuries on lower extremities in the last six months participated
in this study. The participants performed 20 times for forward and backward walking at a 10m distance. A three dimensional motion anal-
ysis with eight infrared cameras and 6 channel EMG was performed to determine the kinematic and kinetic differences between forward
and backward walking. A paired t-test was performed with the significance level set at «=.05. It was found that preferred speed, stance
time, and swing time of backward walking were slower than forward walking. Also, the stride length of backward walking was shorter
than forward walking. For the lower extremity joints, the range of motion, maximum flexion angle, and maximum extension angle of the
hip and knee joints in the stance and swing phase were lower in backward walking than forward walking. In addition, the maximum dor-
sal-flexion angle of the ankle joint in perspective and swing phase was higher in backward walking than forward walking. Finally, muscle
activation of vastus lateralis, vastus medialis, and medial gastrocnemius in the stance phase were higher in backward walking than for-
ward walking. Moreover, muscle activation of gluteus maximus, vastus lateralis, vastus medialis, biceps femoris, and tibialis anterior in the
swing phase were higher in backward walking than in the forward walking. In conclusion, although backward walking showed smaller low-
er extremity joint’s movement than that of forward walking due to the inconvenient and difficult to secure the field of view, the higher
muscle activation was revealed. Therefore, it is necessary to apply backward walking as a rehabilitation program for lower extremity
musculoskeletal disorders that require strengthening the lower extremity muscles.
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“Indicates significant difference between forward walking and backward
walking (o¢.08)

i 2 9= 2ot FI2 | 2ol 77k SiR| 2Eo Hist unit: degs
Meart£SD CIED| ==

2 7158 A0 =54x EOf A= 2 IISE A0 2545 EOf A=

Forward 41234535 26.79+3 .96 -14.44+3 64 34.85+5 61 28.27+4.00 -6.58+4 81

e Backward 30.22+4.30 24 87+4 40 53514 96 29,3645 61 2847477 2894612
to 10,08(.00% 262(02") -11.02(.00%) 563(.00%) 220004 -3.81(.007)

Forward 42 2414 96 41 82+4 97 -042+4.20 65.97+4.28 64.09+5.49 -188+3.42

o218 Backward 37 87+6.05 38.26+7.29 039+380 4802+7.18 4867+7.86 0654328
to 2.35(03" 23308 -1.33(20) 10.58(.00%) 9.73(00%) -4.63(007)

Forward 2493+310 11.35£398 -1358+399 20224471 2194384 -18,03+4 56

L= Backward 2372+416 15.3044.50 84244 36 11,665, 11 7812479 3741552
to 1.37(19) -551(007) -4.85(00%) 7.10(00%) -7.02(007) -12.21(00%

*Indicates significant difference between forward walking and backward walking (0¢.05)
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it 3 o= 2ot Fi= ZUIA| el FIE Six| ZK0| Z2E Hal unit: %RVC

Mean+SD nll=p) =1
Forward 1348+343 570+333
22712 Backward 10.33+5,27 852+306
t (9 437(009 -4.81(009
Forward 14.43+1 61 398+3 41
JEses Backward 19,9545 57 24.29+29 50
ife) -4.07(009 -3.20(009
Forward 13,333 40 4914407
oERse Backward 233742137 19.23+14 81
i) 2.26(04 -5,18(009
Forward 11.5542.19 3154206
U= Backward 9.87+5.21 12,7946 45
to 1.43(17) -6.56(,007)
Forward 13174291 7314349
lSPIny Backward 9514472 16.35+5.86
tio 36900 -5.60(.007)
Forward 6.06+2.94 12.45+1 80
ZERELA | Backward 13.94+1476 808+4.94
tio -2.46(027) 363(00%

“Indicates significant difference between forward walking and backward
walking (o¢.05)
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Aoz fFofsiAl 71 %Eﬂ I7L UERAAEE 1, X05). ©]
Fold Adfolty IR o
o-];{-lo] igo _‘__] ]5—],_‘5 _L_I_E_/] 7:10 A]ﬂz—l

ojuf AEA oS Bk st H3A 21 HEr] Al
< E57] ARY a8a g 2RAS Uil A4S UE
THWright, Peters, Robinson, Watt & Hollands, 2015). wjghA £
AT N4 AGRS Wl WolFQl Bajlo] iH = HE A
2 EAE Uehd Zojgta Aoy vt o)
Adg A olgt Ay B ATt Fojgt sdAEe] AA
2 EA woltt AAE Xt & A7 AL Bt
Ae 268419 173 AAE 7R Rdellth AR 2AYE
AT F Qe TR 2ES A Qe FeolEe =UEY
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Y5 2L YUV Y AFS MG Aow Bt

w3 B Af Ay} _r._erx‘_;_]_,] El_zlolo 2 A7t 4o
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HHE, o R AY)E Ales YOE o577 S8l duHd Al
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A7t A YeRgtta FeE o Cappelling, Ivanenko, Poppele &
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ARE A7E Y. o TS duHd Ady e

4 239 7lee 8, Qo' 7] Ao JHud e Hx

dl

o

76 Sport Science 2022. 40(3)

st F& AHTEHY] FA &84S B FEY S AT
gkl L# A UCKCappellini, et al, 2006; Den Otter, et al,
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A2 E](Wmter 2009).
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