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INTRODUCTION 
Cocontraction of antagonist muscle pairs is believed to 
increase stabilising forces acting across the knee joint. 
Females activate their muscles differently compared to males 
during dynamic movement, suggesting different stabilisation 
strategies [1]. The aim of this study was to investigate sex-
related differences in cocontraction of antagonist muscle pairs 
crossing the knee in response to voluntary direction-specific 
closed kinetic chain loading. 
 
METHODS  
Twenty six healthy young male and female adults stood with 
their dominant leg in a boot fixed to a force platform (Bertec 
Corp., OH, USA) (Figure 1). A modified target matching 
protocol [2] required subjects to position a cursor (projected 
on a video screen) over a target and maintain the position for 
one second (Figure 2A). To control the cursor, loads were 
applied against the force platform. Loads in the ±X, ±Y and 
±Z axes corresponded respectively to anterior-posterior, varus-
valgus and inferior-superior loads perpendicular to the 
horizontal plane. Twelve targets randomly appeared one at-a-
time about a circular trajectory, spaced by 30º (Figure 2B). 
Each target had to be matched three times. A successful target 
match required loads of 50% of body weight and 30% of 
previously recorded peak forces along the ±X and ±Y axes. 
This triggered EMG (Delsys Inc., MA, USA) recording of 
seven muscles crossing the knee joint, kinematic, force and 
moment data for the one second of target matching. EMG was 
normalized to percent maximum voluntary isometric 
contraction, collected with a dynamometer (Biodex, New 
York, USA). The mean activation level for each muscle at 
each trial was computed and then ensemble averaged across 
repetitions.  
 

  
Figure 1: Labratory Setup 
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Figure 2: A) Depiction of the cursor, target, and successful 
positioning of cursor over the target B) Target locations 
representative of the anterior-posterior-medial-lateral axes of 
the horizontal plane.   
 
The simultaneous activation of antagonist muscle pairs were 
quantified at each loading direction with a previously 
described Cocontraction Index (CI) [4]: 
 

CI = (lower EMGi/ higher EMGi) • (lower EMGi + higher 
EMGi) 

 
CIs were calculated for the vastus lateralis (VL) and biceps 
femoris (BF), vastus medialis (VM) and semitendinosus  (ST), 
VL and lateral gastrocnemius (LG), VM and medial 
gastrocnemius (MG), as well as a general CI of the summed 
quadriceps (QUADS) and hamstrings (HAMS) muscle activity 
and the summed QUADS and gastrocnemius (GASTROCS) 
muscle activity. A two-way between-within factorial (2x12) 
ANOVA was used to test for significant sex-related and 
directional effects on CI for each antagonist pair.  
 
RESULTS AND DISCUSSION 
Results indicated similar cocontraction patterns throughout the 
entire range of loading directions for both males and females. 
Females displayed greater mean CIs at all loading directions 
for five of six muscle pairs but only the VL and LG  had a 
significant main effect of sex on CI (p= 0.001). Specifically, 
females significantly cocontracted the VL and LG in the 
general medial, lateral and anterior loading directions 
compared to males (Figure 3). 
 
Based on our observations, it is less likely that sex-related 
differences in quadriceps and hamstring cocontraction is a 
contributing factor to the higher rates of knee joint injury in 
females compared to males [4]. Instead, imbalanced 
cocontraction of the quadriceps and gastrocnemius muscles 
may increase risk of injury.  
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Female athletes have exhibited a mediolateral gastrocnemius 
activation imbalance that was not present in male athletes 
during side-cuts [1].   

 
Figure 3: Mean CI of antagonist muscle pairs of males (dark 
grey) and females (light grey). Numbers along X-axis indicate 
target location (loading direction angle in degrees from 0-360). 
Asterisks (*) identify locations where the antagonist muscles 
pair’s CI significantly differs between sexes (p<0.05). 
 
The predominant activation of lateral knee musculature has 
been correlated to higher knee abduction moments which may 
be a primary mechanism for knee joint injury [5]. In addition, 
isolated gastrocnemius contractions increase in vivo anterior 

cruciate ligament (ACL) strain, and more so when 
simultaneously activated with the quadriceps [6]. ACL-injured 
non-copers demonstrated significantly greater gastrocnemius 
activity during walking and had greater cocontraction of the 
gastrocnemius and quadriceps during jogging compared to 
ACL-injured copers and non-injured controls [3]. Collectively, 
with the previous research [3,5,6], our results suggest that 
greater cocontraction of the lateral quadriceps and 
gastrocnemius muscles increases the  risk for ACL injury.   
 
CONCLUSIONS 
Sex-related differences in quadriceps and gastrocnemius 
cocontraction needs to be explored further as a contributing 
factor to ACL injury. Furthermore, our results emphasise the 
importance of evaluating the gastrocnemius’ role in knee joint 
stability to better understand its behaviour and provide 
important insight to knee injury prevention and rehabilitation.  
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