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A new method using cutaneous electrical stimulation to simulate ACL injury
mechanism and the influence of internal injury risk factors
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We examined the effects of uncontrolled GM activations induced by cutaneous
electrical stimulation on lower extremity and trunk Kinetics and kinematics during single-leg
landing. Three dimensional kinetic and kinematic data were collected from 28 healthy recreationally
active subjects during the tasks. Results showed that uncontrolled GM activation led the body into a

risky position for the ACL, characterized that the sacrum posteriorly and laterally inclined toward
the stance leg. These results indicate that although using hip extensors such as GM for shock
attenuation has been considered to be important to prevent ACL injuries, uncontrolled GM activations
prior to and after the foot contact of landing may increase ACL injury risks. Thus, athletes should
learn proper muscle activation timing to protect their ACL. The relationships of internal risk
factors and the amount of biomechanical changes between experimental and control conditions are
currently analyzed.
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Fig. 1. bouble—leg drop jump to single-leg
landing



140Hz Table 1. Mean £ SD for sacrum a) sagittal

1400Hz and b) frontal inclination angles in space
20Hz and results of 2-way ANOVAs. Positive
directions indicate posterior and lateral
3 inclinations toward dominant leg.
a)
Sacrum Sagittal Inclination Angle (°) p values
Time Point Control Experiment Main Effect Interaction
Foot Contact
Females  -10.7 £ 8.3 8.0 = 9.6
Males 3.0 = 7.1 24 %70
All -6.5 £ 85 -5.0 £ 8.6 0.155 0.328

Peak Vertical Ground Reaction Force
Females -8.9 £ 10.0 5.5 £ 105

X 2
Males 28 £75 -13+£7.1
All 256 +£9.1 32 + 89 0.067 0.469
Peak Knee Extension Moment
Females -85+ 113 3.8 £ 12.7
5% Males -13 £ 88 1379
All -4.6 £10.5 -1.0 £ 10.6 0.021 0.487
End of Landing
Females -14.1 £ 13.0 -8.7 £ 16.3
Males 63 £99 -1.7 £103
All 99 119 -5.0 £ 13.7 0.013 0.833
b)
Sacrum Frontal Inclination Angle (°) p values
Time Point Control Experiment Main Effect Interaction
Table 1a & b ACL Foot Contact
Shimokochi e 100572 148455
ales 07, 6 £ 5.
et al 2009, 2013, 2016, Sheehan et al 2010, Al 111+ 64 143 + 64 0.001 0.07
Hewett et al 2009 Peak Vertical Ground Reaction Force
Females 10.8 + 4.9 124 £ 79
Males 74 + 6.8 11.8 £ 5.0
All 9.0+ 6.1 12.1 £ 6.4 0.002 0.115
Peak Knee Extension Moment
ACL Females 8.8+49 9.7 £ 8.6
Males 49+ 70 82+ 57
Decker et al 2003 Al 67+63 89 + 7.1 0023 0178
End of Landing
ACL Females 56 £5.7 6.7 £ 7.7
ACL Males 28+55 7.0 £ 6.2
All 4.1 +56 6.8 = 6.8 0.013 0.133
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