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INTRODUCTION 
Neuromuscular function plays a critical role in dynamic knee 
stability. Females activate their muscles differently compared 
to males during dynamic movement, suggesting different 
stabilisation strategies [1]. Assessing force control as it relates 
to joint stability during functional tasks is difficult because it 
requires the uncoupling of complex biomechanical and 
muscular contributions. Evaluating force control strategies 
through isometric contractions limits the biomechanical 
influences. However, no known research has examined 
isometric force production tasks as it relates to neuromuscular 
function in a closed kinetic chain (CKC) condition. This 
approach is believed to provide more realistic evidence 
because proper lower limb kinematics and proprioceptive 
feedback from compressive forces are present [2]. The aim of 
this study was to investigate sex-related differences in 
neuromuscular activity about young healthy knee joints in 
response to highly controlled voluntary quasi-isometric joint 
loading during a CKC target matching protocol.  
 
METHODS  
A modified target matching protocol [3] was used to test 26 
healthy young male and female adults. Participants stood with 
their dominant leg in a boot fixed to a force platform (Bertec 
Corp., OH, USA) (Figure 1) and were required subjects to 
position a projected cursor over a target and hold the position 
for one second (Figure 2A). Loads were applied against the 
force platform in the ±X, ±Y and ±Z axes controlled the cursor 
and corresponded to anterior-posterior, medial-lateral and 
inferior-superior loads perpendicular to the horizontal plane, 
respectively. Twelve targets spaced at 30º intervals about a 
circular trajectory appeared randomly one at-a-time (Figure 
2B). 50% of body weight and 30% of previously recorded 
peak loads made along the ±X and ±Y axes was required to 
make a successful match which triggered EMG (Delsys Inc., 
MA, USA), force and moment data recording for the one 
second of target matching. Each target had to be matched three 
times. Surface EMG of the rectus femoris, vastus medialis, 
vastus lateralis, semitendinosus, biceps femoris, medial 
gastrocnemius, lateral gastrocnemius and tensor fascia lata 
were recorded. 

 
 

Figure 1: Subjects had their 
dominated limb fixed to a force 
platform via a specialised boot. 
Targets and cursor were projected 
onscreen. The cursor was controlled 
by the forces applied by the subject to 
the force platform. 
 

 
The mean activation level for each muscle at each trial was 
computed and normalized to percent maximum voluntary 
isometric contraction, collected with an isokinetic 
dynamometer (Biodex, New York, USA).  
 
Mean magnitude of muscle activity (XEMG) (1), mean direction 
of muscle activity (Φ) (2), and a specificity index (SI) (3) was 
calculated for each muscle using an EMG vector (EMGi), 
where the mean EMG amplitude at each target location is 
represented in Cartesian coordinates. n refers to the number of 
target locations: 
 XEMG = (ΣEMGi)/n  (1) 
 Φ = arctan (Σyi/Σxi)  (2) 
 SI = REMG/√(|Σxi|/n)2 + (|Σyi|/n) 2 (3) 

  
 
  A                                                B 
 
 
 
 
 
 
 
 
 
 
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.   
 
RESULTS AND DISCUSSION 
In this study, we investigated sex-related differences in muscle 
activation patterns during CKC loading. Results indicate no 
significant differences in Φ and XEMG and similar muscle 
activation patterns across sex. However, in terms of force 
contribution to loading directions, males demonstrate 
significantly greater SI values for the semitendinosus 
(p=0.025) compared to females suggesting females have 
greater difficulty regulating a flexion moment.  
 
We also found important differences in activation strategies 
compared to earlier open kinetic chain force matching studies 
[3,4]. Previously, the level of activation was dependant on the 
muscle’s moment arm orientation [3]. Excluding the 
semitendinosus, muscles for both sexes demonstrated patterns 
and Φ different to the muscle’s moment arm orientation 
(Figure 3) suggesting the role of active stabilisation is much 
more complex during CKC loading. The circular pattern of the 
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vastus lateralis is related to its low SI and is considered be a 
knee joint stabiliser. Similarly, the biceps femoris is deemed a 
stabiliser with emphasis during medial loading.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Mean EMG polar plots of male (dark grey) and 
female (light grey) participants. Numbers along the circular 
trajectory represent the target location angle in degrees. Where 
the pattern on the target location’s radius intersects represents 
the mean normalised EMG utilised to match that target. All 
plots are scaled from 0 to 0.35 (or 35% MVIC EMG level). 
Black arrow indicates reported moment arm orientation [3]. 
 
In contrast, the rectus femoris and semitendinosus displayed 
higher specificities about the anterior and posterior loading 
directions, respectively, which corresponded to their moment 
arm orientations. For this reason, the rectus femoris and 
semitendinosus are speculated to be moment generators.  
 
The results of our study indicate that the role of knee joint 
musculature is more complex then previously described. For 

example, it is generally believed that the muscle moment arm 
and line of action will determine function. While this remains 
true, the role of joint stabiliser may override this function 
under weight-bearing conditions in order to protect the joint 
and maintain body position, leading to a constant activation of 
certain muscle groups regardless of the direction of applied 
loads.  
 
Our results could have significant implications when 
developing musculoskeletal models to estimate muscle forces 
since estimates of muscle activations are often optimised to a 
cost function that minimises activity or energy expenditure. 
The model may therefore not take into account the secondary 
role of stabiliser which would lead to a less “efficient” (albeit 
more physiological) activation strategy, thus under estimating 
muscle and joint contact forces. Our results also emphasise the 
importance of evaluating the individual muscles within 
functional groups (extensors and flexors) separately. 
 
CONCLUSIONS 
Our protocol was derived from previous research using OKC 
target matching tests [3,4]. We found sex-related differences 
in muscle control which we associate with joint stabilisation 
strategies. We also note important differences in activation 
strategies compared to previous OKC investigations, which we 
believe to be due to the presence of physiological loading 
conditions which require the modulation of joint loads and the 
need to reduce shear forces. Our protocol indicates that the 
role of knee joint muscular goes beyond that of a flexor-
extensor with stabilisation strategies leading to constant 
activation of certain muscle groups when weight bearing 
regardless of load direction. 
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