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Kinematic Analysis of Lower Extremity Joint Movements
during Sidestep at Different Sidestep Speeds

Young In Choi, Jung Suk Roh

Department of Physical Therapy, The Graduate School, Hanseo University, Seosan, Korea

The purpose of this study were to examine the effects of the speed of sidestep in a specific direction on the kinematic
variables of the lower extremities and to provide basic information on sidestep. The subjects of this study were
eight students at Hanseo University who did not have a problem in lower extremity alignment. Biomechanical data
were collected using a motion analysis system and force plate and Kruskal-Wallis test was performed in order to
test differences according to speed. The results of this study were as follow. First, as to hip joint angle according
to speed, when the speed increased, in the sagittal view, the maximum flexion angle decreased, the range of motion
(ROM) decreased, and the flexion angle at the highest ground reaction force decreased, and in the transverse view,
the internal rotation angle at the highest ground reaction force increased. Second, as to knee joint angle according
to speed, when the speed increased, in the sagittal view, the maximum flexion angle decreased, the ROM decreased,
and the flexion angle at the highest ground reaction force decreased, and in the coronal view, the maximum varus
angle decreased, and the ROM decreased. Third, as to ankle joint angle according to speed, when the speed
increased, in the sagittal view, the ROM decreased, and the dorsiflexion angle at the highest ground reaction force
decreased, and in the coronal view, the minimum inversion angle increased. This suggests that high-speed sidestep
during a game increases the risk of injury and degenerative arthritis among athletes.
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Fig. 1. Anatomical Landmark (plug—in gait marker set).
RASI: right anterior superior iliac spine, LASI: left anterior
superior iliac spine, RTHI: right thigh, LTHI: left thigh,
RKNE: right knee, LKNE: left knee, RTIB: right tibia, LTIB:
left tibia, RANK: right ankle, LANK: left ankle, RTOE: right
toe, LTOE: left toe, RHEE: right heel, LHEE: left heel.
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Table 1. Comparison of angle of hip joint during different speed sidestep

Speed Number Maximum (°) Minimum (°) Range (°) GRFmax (°)
Sagittal
1 8 36.96+3.48 15.19+4.47 21.77+3.31 33.13+6.88
2 8 34.32+7.32 13.80+3.99 20.52+4.25 30.28+8.27
3 8 28.17+7.52 13.26+5.33 14.914+5.56 24.94+5.32
p-value 0.004 0.528 0.006 0.004
Frontal
1 8 —32.83+2.21 —1.88+1.31 30.95+2.71 —21.83+4.91
2 8 —32.52+2.66 —1.31£1.31 31.21+£2.92 —20.49+5.18
3 8 —31.7942.87 —1.08+1.99 30.78+2.37 —19.60+4.26
p-value 0.515 0.579 0.816 0.601
Transverse
1 8 37.22+17.22 23.63+£13.95 13.59+4.87 16.18+3.06
2 8 40.74+15.05 25.88+15.14 14.85+4.01 25.21+7.76
3 8 41.22+16.35 26.92+14.53 14.30+3.87 27.21+£10.99
p-value 0.876 0.825 0.711 0.004

Values are presented as meanzstandard deviation.
p<0.05.

GRFmax: maximum ground reaction force, 1: slow speed, 2: moderate speed, 3: fast speed.
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Table 2. Comparison of angle of knee joint during different speed sidestep

Speed Number Maximum (°) Minimum (°) Range (°) GRFmax (%)
Sagittal
1 8 44.35+12.04 6.05+5.30 38.30+8.00 42.38+11.68
2 8 37.09+14.90 6.23+£5.44 30.86+10.80 36.02+14.39
3 8 34.52+14.50 5.70£6.52 28.83+9.39 28.77+£10.40
p-value 0.008 0.926 0.013 0.005
Frontal
1 8 36.54+3.19 21.49+2.53 15.05+5.09 36.38+2.75
2 8 33.12+2.29 21.731£2.94 11.38+£3.92 34.41+3.68
3 8 31.98+4.98 24.10+4.04 8.65+2.07 33.29+2.60
p-value 0.014 0.184 0.002 0.050
Transverse
1 8 —23.92+2.01 3.79+4.56 27.71+5.80 4.80+5.33
2 8 —23.60+3.24 4.1946.33 27.79+7.66 3.40+5.91
3 8 —22.43+4.27 5.87+6.18 28.30+9.17 3.80+5.42
p-value 0.141 0.087 0.970 0.556
Values are presented as meanzxstandard deviation.
p<0.05.
GRFmax: maximum ground reaction force, 1: slow speed, 2: moderate speed, 3: fast speed.
Table 3. Comparison of angle of ankle joint during different speed sidestep
Speed Number Maximum (°) Minimum (°) Range (°) GRFmax (°)
Sagittal
1 8 34.76+6.97 —13.654+9.06 48.41+£3.09 34.52+7.61
2 8 30.43+6.24 —13.0047.81 43.44+3.83 30.83+6.46
3 8 31.46+8.82 —11.54+7.67 43.01+£3.66 28.06+4.50
p-value 0.131 0.540 0.001 0.038
Frontal
1 8 —9.43+3.59 —3.44+£1.90 5.99+3.40 —8.78+2.52
2 8 —9.774£8.13 —3.75+2.23 6.02+3.47 —9.45+2.72
3 8 —10.26+3.30 —4.74+1.45 5.51£3.30 —9.48+3.06
p-value 0.593 0.049 0.752 0.878
Transverse
1 8 —36.32+7.16 —15.294+7.59 21.03+6.72 —34.72+5.16
2 8 —37.00+7.13 —16.79+8.94 20.2148.31 —35.90+6.22
3 8 —38.36+5.96 —20.744+5.80 17.62+6.72 —36.194+5.73
p-value 0.593 0.063 0.201 0.702

Values are presented as meanzstandard deviation.
p<0.05.

GRFmax: maximum ground reaction force, 1: slow speed, 2: moderate speed, 3: fast speed.
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