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Purpose: The purpose of this study was to compare the spatiotemporal and kinematic gait parameters and muscle activity of the lower
extremities between forward walking on sand (FWS) and backward walking on sand (BWS) in normal adults.

Methods: This study was conducted on 13 healthy adults. Subjects performed FWS and BWS and the spatiotemporal and kinematic gait
parameters of stride time, stride length, velocity, cadence, step length, stance, swing, double support, and hip range of motion (ROM),
knee ROM were measured by a wearable inertial measurement unit system. In addition, the muscle activity of the rectus femoris (RF), bi-
ceps femoris (BF), tibialis anterior (TA), and gastrocnemius (GA) was measured.

Results: The stride length, stride velocity, cadence, and step length in the BWS were significantly lower than FWS (p<0.05), and stride
time was significantly greater (p < 0.05). However, there was no significant difference in the ratio of stance, swing, and double support
between the two (p> 0.05). The kinematic gait parameters, including hip and knee joint range of motion in BWS, were significantly lower
than FWS (p < 0.05). The muscle activity of the RF in BWS was significantly higher than FWS (p < 0.05), but the muscle activity of the BF,
TA, GA did not show any significant differences between the two movements (p> 0.05).

Conclusion: A strategy to increase stability by changing the gait parameters is used in BWS, and this study confirmed that BWS was a
safe and effective movement to increase RF muscle activity without straining the joints. Therefore, BWS can be recommended for effec-

tive activation of the RF.
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Rectus Femoris Muscle Activity during Backward Walking on Sand

Table 1. The comparison of spatiotemporal parameters according to forward and backward walking

FW BW p
Stride time (s) 1.36+0.10 1.53+0.21 0.003*
Stride length (m) 1.10£0.12 0.76£0.80 0.001*
Stride velocity (m/s) 0.82+0.14 0.53+0.09 0.001*
Cadence (steps/min) 89.34+6.28 82.87£10.66 0.009*
Left step length (m) 0.55+0.05 0.38+0.06 0.001*
Right step length (m) 0.54+0.86 0.38+0.04 0.002*
Left stance (%) 61.87£1.74 61.00+2.53 0.249
Right stance (%) 61.03+£2.06 60.52+2.39 0.422
Left swing (%) 38.13£1.74 39.00£2.53 0.249
Right swing (%) 38.97+2.06 39.49+2.39 0.422
Total double support (%) 22.90+3.28 21.51+3.71 0.345

Mean+SD.
FW: Forward Walking, BW: Backward Walking.
*significant difference between FW and BW (p<0.05).

Table 2. The comparison of kinematic parameters according to for-
ward and backward walking

Table 3. The comparison of muscle activity according to forward and
backward walking (Unit: %RVQ)

Fw BW p FW BW p
Left Knee ROM (°) 68.52+9.88 52.47+9.40 0.002* Rectus femoris 102.92+£17.76 127.93+£35.08 0.001*
Right Knee ROM (%) 67.13+£6.50 53.77+11.11 0.002* Biceps femoris 107.20+£18.70 110.32+40.84 0.878
Left Hip ROM (%) 49.58+7.90 37.35+5.05 0.001* Gastrocnemius 109.89+£16.73 123.73+43.32 0.132
Right Hip ROM (°) 49.35+6.74 37.65+5.07 0.001* Tibialis anterior 108.69+25.30 126.92+50.19 0.086
Mean+SD. Mean+SD.

FW: Forward Walking, BW: Backward Walking, ROM: Range of motion.
*significant difference between FW and BW (p<0.05).
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FW: Forward Walking, BW: Backward Walking.
*significant difference between FW and BW (p<0.05).
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