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Effect of Anticipation and Fatigue on Lower Extremity Joint Loads
during Side-cutting in Female Soccer Player

Eun-Jung Park, MS', Yong-Seuk Lee, MD, PhD’, Bi-O Lim, PhD’, Yong-Woon Kim, PhD*, Ki-Kwang Lee, PhD'

'Department of Sport Science, Kookmin University, Seoul, 2Department of Orthopedic Surgery,
Ajou University Hospital, Suwon, 3Department of Physical Education, Chungang University, Seoul,
4Department of Physical Education, Kyungnam University, Changwon, Korea

To investigate effect of fatigue and anticipation on lower extremity joint load during a side-cutting maneuver in female
collegiate soccer players, thirteen female collegiate soccer players whose right leg dominant participated in this study.
Three dimensional motion analysis system and a force plate were used to record the 45° side cutting maneuver.
In the first, anticipated and unanticipated cutting were measured in the pre-fatigue condition. Second, participations
performed the fatigue protocol by the squat exercise with weight lifting. And then, two different type of cutting task
were measured again after fatigue condition. The cutting direction let known before start their running in case of
the anticipated cutting, the random signal of cutting direction were presented in the unanticipated condition. In the
results, the most influential variable was anticipation factor. Lower limb angles represented significantly flexed posture
during unanticipated cutting than anticipated condition. Maximum knee flexion moment represented significantly
higher in unanticipated cutting than anticipated cutting. Adduction and internal rotation moment of lower limb joint
decreased in unanticipated cutting. Fatigue factor was influenced by the initial contact angles of the ankle joint.
Lower limb angles at the initial ground contact indicated more erect posture in post-fatigue condition. The unanticipa-
tion factor had more effect on locomotors ability of lower limb in this study. Therefore, the sensory-motor training
to adapt to unanticipated situation should be considered for the injury prevention training program.
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Mean (SD) angles of hip joint (°) p-value
Pre—fatigue Post-fatigue
F A FxA
AC uc AC ucC
FIx (+)/Ext (=) IC 48.36 50.42 46.68 46.76 *0.030 0.201 0.273
(7.80) (7.81) (8.37) (6.92)
Max 54.76 58.39 54.55 56.37 0.205 *0.007 0.382
(8.63) (9.92) (11.69) (8.27)
TO -6.30 -7.19 -6.35 -7.18 0.561 0.989 0.966
(7.81) (8.09) (7.78) (6.88)
Add (+)/Abd (=) IC -16.57 -18.03 -16.05 -17.35 0.588 0.117 0.917
(4.74) (4.97) (8.09) (5.72)
Max -6.36 -7.09 -5.64 -6.79 0.625 0.342 0.733
(4.27) (6.21) (5.96) (6.75)
TO -22.34 -22.03 -22.36 -21.89 0.941 0.484 0.934
(3.51) (3.59) (4.71) (4.26)
Int-Rot (+)/ IC -1.53 2.26 -4.05 -1.59 *0.028 70.006 0.513
Ext—Rot (-) (9.72) (9.43) (10.02) (10.64)
Max 6.38 9.04 7.61 8.32 0.734 0.134 0.231
(9.12) (8.85) (9.76) (9.88)
TO -14.96 -15.63 -14.59 -14.46 0.381 0.740 0.729
(9.57) (8.06) (8.08) (9.04)

SD: standard deviation, AC: anticipated
significant difference within anticipate,

maximum, TO: toe off.
*p<0.05, Tp<0.01.

cutting, UC: un-anticipated cutting, F: significant difference within fatigue, A:
FxA: significant difference within fatigue*anticipate,

IC:

initial contact,
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Table 2. Knee joint angles at each of the event

Mean (SD) angles of

hip joint (°) p-value

Pre—fatigue Post-fatigue
F A FxA
AC uc AC uc
Fix (+)/Ext (=) IC 19.80 21.22 19.36 19.57 0.173 0.155 0.367
(5.41) (4.74) (4.54) (4.58)
Max 56.91 62.91 58.59 62.17 0.690 70.000 0.337
(7.68) (6.19) (4.30) (6.76)
TO 5.04 5.01 6.91 5.40 0.440 0.444 0.386
(7.04) (6.39) (4.92) (5.32)
Add (+)/Abd (=) IC 4.67 3.93 3.47 2.34 70.008 0.142 0.677
(4.74) (4.94) (4.18) (4.16)
Max -7.33 -9.31 -7.29 -9.29 0.956 70.004 0.986
(6.84) (7.69) (7.76) (8.75)
TO -0.00 -0.29 -0.52 -0.22 0.507 0.994 0.249
(3.02) (3.24) (3.06) (3.58)
Int-Rot (+)/ IC -9.09 -10.05 -9.77 -10.01 0.689 0.381 0.582
Ext-Rot (=) (6.76) (4.74) (6.60) (6.28)
Max 16.13 17.77 17.51 18.02 *0.026 *(0.025 0.267
(5.10) (5.78) (5.58) (5.09)
TO =7.77 -6.46 -6.57 -7.70 0.381 0.740 0.729
(4.61) (4.41) (3.47) (3.29)

SD: standard deviation, AC: anticipated cutting, UC: un-

significant difference within anticipate, F*A: significant
maximum, TO: toe off.
*p<0.05, Tp<0.01.
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Table 3. Ankle joint angles at each of the event

Mean (SD) angles of hip joint (°) p-value
Pre—fatigue Post-fatigue
F A FxA
AC uc AC ucC
DF (+)/PF (=) IC -5.14 -0.62 -2.14 -0.78 0.382 0.256 0.195
(13.92) (17.90) (16.39) (18.20)
Max 26.70 29.68 28.58 29.10 0.247 *0.010 0.144
(4.08) (5.17) (4.74) (4.71)
TO -28.89 -29.75 -29.69 -30.04 0.565 0.440 0.728
(5.83) (5.88) (7.47) (5.57)
Sup (+)/Pro (-) IC 0.49 0.31 -0.21 -0.16 70.003 0.661 0.400
(1.47) (1.49) (1.37) (1.57)
Max 4.37 3.1 3.18 2.96 0.242 0.187 0.387
(3.96) (1.85) (2.18) (1.64)
TO -1.86 =2.27 -1.84 -2.38 0.754 *0.025 0.591
(1.48) (1.88) (1.35) (1.66)
Int-Rot (+)/ IC -6.85 -5.85 -2.81 -3.18 *0.028 70.006 0.513
Ext-Rot (-) (9.15) (9.58) (9.25) (9.61)
Max 11.10 13.06 9.84 14.47 0.952 *0.046 0.183
(8.00) (11.42) (7.80) (10.49)
TO 7.96 10.48 8.10 11.78 0.516 *0.015 0.433
(6.19) (8.72) (6.39) (7.93)

SD: standard deviation, AC: anticipated cutting, UC: un—anticipated cutting, F: significant difference within fatigue, A:
significant difference within anticipate, F*A: significant difference within fatigue*anticipate, IC: initial contact, max:
maximum, TO: toe off, DF: dorsi flexion, PF: plantar flexion, Sup: supination, Pro: pronation.

*p<0.05 Tp<0.01.

Table 4. Hip joint moments at each of the event

Mean (SD) moments of hip joint (Nm/kg) p—-value
Pre—fatigue Post-fatigue
F A FxA
AC uc AC uc
FIx (+)/Ext (=) IC -0.71 -1.05 -0.59 -0.75 0.240 0.311 0.532
(0.74) (0.82) (0.72) (0.79)
Max 6.26 5.91 5.72 5.71 0.063 0.512 0.186
(0.99) (1.59) (0.98) (1.27)
TO -0.86 -0.78 -0.70 -0.70 0.306 0.628 0.567
(0.62) (0.35) (0.37) (0.33)
Add (+)/Abd (=) IC 0.47 0.33 0.39 0.12 0.098 0.095 0.505
(0.37) (0.45) (0.51) (0.62)
Max 1.52 1.31 1.70 1.25 0.440 70.001 *0.015
(0.38) (0.46) (0.61) (0.53)
TO -0.22 -0.28 -0.27 -0.27 0.690 0.566 0.662
(0.36) (0.34) (0.27) (0.33)
Int-Rot (+)/ IC 0.00 0.01 0.01 0.02 0.365 0.484 0.887
Ext—-Rot (-) (0.03) (0.04) (0.05) (0.07)
Max 0.41 0.48 0.38 0.43 0.442 0.229 0.769
(0.25) (0.30) (0.21) (0.24)
TO 0.01 0.01 0.00 0.00 0.805 0.882 0.920
(0.05) (0.06) (0.06) (0.05)

SD: standard deviation, AC: anticipated cutting, UC: un—anticipated cutting, F: significant difference within fatigue, A:
significant difference within anticipate, F*A: significant difference within fatigue*anticipate, IC: initial contact, Max:
maximum, TO: toe off.

*p<0.05, Tp<0.01.
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Table 5. Knee joint moments at each of the event

Mean (SD) moments of knee joint (Nm/kg) p-value
Pre—fatigue Post-fatigue
F A FxA
AC uc AC ucC
FIx (+)/Ext (=) IC -0.13 -0.07 -0.18 -0.23 0.075 0.880 0.423
(0.21) (0.21) (0.21) (0.30)
Max 2.59 2.82 2.72 2.82 0.228 *0.032 0.228
(0.58) (0.57) (0.61) (0.56)
TO -0.283 -0.23 -0.18 -0.24 0.689 0.193 0.610
(0.16) (0.16) (0.20) (0.14)
Add (+)/Abd (=) IC 0.10 0.01 0.05 -0.05 0.122 *0.033 0.771
(0.08) (0.11) (0.16) (0.20)
Max 1.74 1.31 1.73 1.38 0.698 70.000 0.624
(0.33) (0.69) (0.46) (0.41)
TO -0.10 -0.10 -0.14 -0.11 0.478 0.538 0.567
(0.19) (0.18) (0.16) (0.16)
Int-Rot (+)/ IC 0.04 0.02 0.04 0.01 0.163 70.005 0.876
Ext-Rot (-) (0.04) (0.05) (0.03) (0.04)
Max 0.44 0.33 0.39 0.32 0.235 *0.010 0.475
(0.15) (0.15) (0.20) (0.13)
TO -0.00 -0.00 -0.01 -0.01 0.460 0.959 0.878
(0.06) (0.07) (0.07) (0.05)

SD: standard deviation, AC: anticipated cutting, UC: un—anticipated cutting, F: significant difference within fatigue, A:
significant difference within anticipate, F*A: significant difference within fatigue*anticipate, IC: initial contact, Max:
maximum, TO: toe off.

*p<0.05, Tp<0.01.

Table 6. Ankle joint moments at each of the event

Mean (SD) moments of ankle joint (Nm/kg) p—-value
Pre—fatigue Post-fatigue
F A FxA
AC uc AC uc
DF (+)/PF (=) IC -0.083 -0.06 -0.01 -0.02 0.311 0.538 0.771
(0.10) (0.06) (0.12) (0.11)
Max 3.08 2.77 3.15 2.85 0.096 70.001 0.948
(0.44) (0.34) (0.54) (0.35)
TO 0.01 -0.04 -0.05 -0.05 x0.028 0.072 0.139
(0.08) (0.05) (0.04) (0.04)
Sup (+)/Pro (=) IC 0.01 0.01 0.01 0.00 0.231 0.585 0.415
(0.02) (0.03) (0.03) (0.03)
Max 0.45 0.35 0.47 0.34 0.786 70.000 0.377
(0.15) (0.15) (0.18) (0.16)
TO 0.00 0.00 -0.00 0.01 0.837 0.573 0.268
(0.03) (0.02) (0.02) (0.01)
Int=Rot ( +)/ IC 0.05 0.02 0.03 0.00 0.077 70.005 0.871
Ext—-Rot (-) (0.05) (0.05) (0.04) (0.04)
Max 0.62 0.57 0.63 0.54 0.684 *0.014 0.362
(0.17) (0.16) (0.26) (0.18)
TO -0.00 -0.01 -0.02 -0.02 0.373 0.745 0.646
(0.07) (0.06) (0.07) (0.06)

SD: standard deviation, AC: anticipated cutting, UC: un—anticipated cutting, F: significant difference within fatigue, A:
significant difference within anticipate, F*A: significant difference within fatiguexanticipate, IC: initial contact, max:
maximum, TO: toe off, DF: dorsi flexion, PF: plantar flexion, Sup: supination, Pro: pronation.

*p<0.05 "p<0.01
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Fig. 2. Fz First and Second Peak and Ground contact time
comparison between anticipated cutting (AC) and un-
anticipated cutting (UC) in one subject. BW: body weight.

Table 7. GRF mean (SD) and significant level
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Fig. 3. Fx Peak value and Ground contact time compar—
ison between anticipated cutting (AC) and unanticipated
cutting (UC) in one subject. BW: body weight.

GRF (%body weight) p-value
Pre-fatigue Post-fatigue
F A F*A
AC uc AC uc

Fx 0.73 (0.14) 0.65 (0.16) 76 (0.15) 0 65 (0.16) 0.628 *0.011 0.124
Fy 0.92 (0.21) 1.08 (0.39) .06 (0.46) 0 (0.33) 0.248 0.106 0.370
Fz1 4.28 (0.64) 4.27 (0.92) .39 (0.72) 4 30 (0. 85) 0.572 0.683 0.584
Fz2 2.73 (0.22) 2.57 (0.29) 2 72 (0.33) 2.55 (0.21) 0.748 70.008 0.900

GRF: ground reaction force, SD: standard deviation, AC: anticipated cutting, UC :
difference within fatigue, A: significant difference within anticipate,
Fx: mediolateral ground reaction force, Fy: anterioposterior ground reaction force, Fz1:

un—anticipated cutting, F: significant
FxA: significant difference within fatigue*anticipate,
first peak of vertical ground

reaction force, Fz2: second peak of vertical ground reaction force.

*p<0.05, "p<0.01.
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Table 8. Ground contact time at each phase

Ground contact time (s) p-value
Pre—fatigue Post-fatigue
F A FA
AC ucC AC uc
FIx 0.12 (0.02) 0.15 (0.04) 0.13 (0.08) 0.14 (0.02) 0.304 *0.012 0.118
Ext 0.15 (0.02) 0.17 (0.03) 0.15 (0.02) 0.17 (0.03) 0.458 70.002 0.618

AC: anticipated cutting, UC: un—anticipated cutting, F: significant difference within fatigue, A: significant difference within
anticipate, F*A: significant difference within fatiguexanticipate, Flx: flexion, Ext: extension.

xp<0.05 Tp<0.01.
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