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Abstract  
Background: An appropriate activity of the vastus medialis oblique (VMO) muscle is 

important to resist against lateral pull of the vastus lateralis (VL) muscle during knee 

extension. Females utilize different muscular activation patterns compared to males, and 

therefore their VMO adaptation to fatiguing exercise may be different from the male. 

The aim of this study was to investigate sex differences in neuromuscular fatigability of 

the VMO muscle during submaximal fatiguing sustained contraction. Methods: 24 

subjects (12 female and 12 male) were recruited for this study. Maximal isometric 

voluntary contraction (MIVC), and electromyography (EMG) signals from the VMO 

muscle was recorded before and after fatiguing sustained contraction at the level of 50% 

MVIC. Root mean square (RMS) and mean power frequency (MPF) was computed from 

raw EMG signals. Results: In men, maximal isometric voluntary contraction of 

quadriceps muscle was significantly higher than women (P > 0.05). Besides, the female 

participants showed a longer time to task failure over fatiguing sustained contraction as 

compared to male (P > 0.05). Moreover, EMG RMS significantly increased and MPF 

decreased over fatiguing sustained contraction. Change in EMG RMS and EMG MPF 

for female was significantly larger than the male (P > 0.05). Women showed a greater 

change in EMG features for the VMO muscle as compared to men during fatiguing 

sustained contraction. Conclusion: The results indicate that VMO muscle in female is 

more susceptible to fatigue during a fatiguing sustained contraction as compared to 
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male. As a result, it may increase the risk of patellofemoral malalignment and knee 

injuries in females. 

 

Keywords: Vastus Medialis Oblique, Surface EMG, Sustained Contraction, Sex 

Differences  

 

Introduction  
Deficits in neuromuscular activity of the vastus medialis oblique (VMO) have 

been reported to be associated with patellofemoral pain syndrome (PFPS) 

(Fagan & Delahunt, 2008)
. 

Although the causes of PFPS are not clearly 

understood, this syndrome is related to abnormal patellar arrangement and 

biomechanics, most probably due to an imbalance of VMO and VL activity 

(Petersen et al., 2014). A lower VMO: VL activity ratio leads to excessive lateral 

tracking of the patella and rubbing of the lateral femoral condyle, which causes 

articular surface erosion and degeneration and induces pain (Petersen et al., 

2014). For example, the previous electromyographic (EMG) study reported that 

in healthy individuals, EMG activity for the VMO muscle was equal to EMG 

activity for the VL muscle (Souza & Gross, 1991),
 
while in patients with PFPS, 

EMG activity for the VMO was less than VL muscle (Powers, 2000).  

Moreover, VMO muscle is more susceptible to fatigue, most likely due to higher 

percentage of fast twitch motor unit within this muscle (Hedayatpour, 2012, 

2007; Nasrabadi et al., 2018). Muscle fatigue can reduce neural drive from 

higher motor centers to muscle fiber, as assessed by measuring balance and/ or 

by examining EMG activity of the skeletal muscle (Hedayatpour et al, 2008, 

2014).  After an exercise program designed to induce muscular fatigue, healthy 

individuals have demonstrated reduction in balance ability, suggesting that 

fatigue results in motor control deficits (Wright et al., 2013). EMG studies 

suggest that, additionally, to balance, muscle fatigue affects muscle activity by 

increasing the latency of muscle firing and by resulting in less efficient muscular 

processes (Hedayatpour et al, 2008, 2009). There are also sex differences in the 

fatigability of skeletal muscle (Miller et al., 1993).  Therefore, it is expected that 

VMO muscle in female show different adaptation to fatiguing sustained 

contraction with respect to male. We were particularly interested in determining 

whether fatigue would be more pronounced in females than in males 

participating in fatiguing sustained contraction. This knowledge may be useful 

to understand the mechanisms underlying knee injuries in female after fatiguing 

exercise.  
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Methods & Materials   
Participants: 12 male (age, mean ± SD, 21.3 ± 2.3 yr, body mass 74.3 ±5.9 kg, 

height 1.75 ± 0.06 m) and 12 female subjects (age, mean ± SD, 20.4 ± 2.5 yr, 

body mass 65.3 ±4.9 kg, height 1.64 ± 0.05 m) were selected for this study. All 

subjects were right leg dominant and were not involved in regular exercise of 

their quadriceps muscle for at least one year before the experiment. The study 

was conducted in accordance with the Declaration of Helsinki, approved by the 

Local Ethics Committee at University of Bojnord, and written informed consent 

was obtained from all subjects prior to inclusion. 

Maximal isometric voluntary contraction (MIVC): The subject sat 

comfortably on a chair fixed with a belt at the hip and with the right knee in 90º 

of flexion. Maximal isometric voluntary contraction of quadriceps muscle was 

measured using a load cell (Simens, 500 Kg.). A strap, connected by a chain to a 

load cell, was attached to the ankle to measure knee extension isometric force. 

Force was provided to the subject as visual feedback on an oscilloscope. The 

subject performed a total of three 5-second maximal isometric voluntary 

contractions (MIVC) of knee extension, each separated by 2-min rest. During 

each MIVC, verbal encouragement was provided to exceed the previous force 

level. The highest MIVC value was considered as the reference value. 

Isometric fatiguing sustained contraction: Participants also performed 

submaximal isometric knee extension contraction at 50% MIVC sustained until 

task failure, with the participant at the same position as in the MIVCs. The 

submaximal force was defined relative to the highest MIVC measured on the 

same session of the test. Task failure was defined as a drop in force > 5% MIVC 

for > 5s after strong verbal encouragement to the subject to maintain the target 

force value. 

Surface electromyography (EMG): Surface EMG signals was recorded from 

the VMO muscle of the right leg during fatiguing sustained contraction at 50% 

MIVC (Figure 1). Two pair electrodes (circular Ag–AgCl surface electrodes 

(Ambu Neuroline, conductive area 28 mm2) were carefully placed in bipolar 

configuration (2-cm interelectrode distance) on the VMO muscle.  Muscle tissue 

for the VMO muscle was determined by palpating muscle. Before electrode 

placement, the skin was shaved and lightly abraded in the selected locations. 

Surface EMG signals were amplified (EMG amplifier, EMG-16, LISiN-OT 

Bioelettronica, Torino, Italy, bandwidth 10–500 Hz), sampled at 2048 Hz, and 
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stored after 12-bit A/D conversion. A ground electrode was placed around the 

right ankle. 

 
Figure 1. Bipolar surface EMG signals recorded from VMO muscle for one female 

subject (A) and one male subject (B). Dashed and solid lines show change in EMG 

envelop over time. Change in EMG envelop for male and female overlapped (C). 

 
Signal analysis: Surface EMG signals were divided into epochs of duration 

10% of the time to task failure. Root mean square (RMS) and mean power 

spectral frequency (MPF) were estimated from raw EMG signals for epochs of 

250ms. The values obtained from 250ms-long epochs in intervals of 10% of the 

time to task failure were averaged to obtain one representative value for each 

10% interval. This was done to compare subjects that had different times to task 

failure. To compare changes among subjects, the percentage change calculated 

as follow:  

Statistical analysis:  One-way analysis of variance (ANOVA) was applied to 

compare maximal isometric voluntary contraction and time to task failure 

between male and female. Moreover, one-way ANOVA was used to assess 

percent change in EMG RMS and EMG MPF (percent change from the initial to 

the last interval) with sex as independent factor. 
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Results  
A significant difference was observed for both maximum force (F=8.5, p < 

0.001) and time to task failure (F=12.0, p < 0.0001) between female and male, in 

which male produced a higher maximum knee extension force and female 

showed a longer time to task failure (p < 0.05). Moreover, for both male and 

female, maximum knee extension force significantly decreased after fatiguing 

sustained contraction (p < 0.05). Additionally, EMG RMS for the VMO muscle 

measured from both male and female significantly increased over time during 

fatiguing sustained contraction. The percentage of increase in RMS (in the final 

epoch with respect to the initial epoch) for female was significantly higher than 

the male (F=3.2, p < 0.05, Figure 1).  

 
Figure 2: Change in root mean square (RMS) of EMG over 10 intervals (10% of 

the time to task failure; A), and associated percent change (percent change from 

the first to the last interval, B) over fatiguing sustained contraction. Asterisk (*) 

indicates differences in EMG RMS changes from the first to the last interval 

between female and male (P <0.05). 

 
Mean power frequency of EMG measured from both male and female decreased 

significantly over time during fatiguing sustained contraction. The percentage of 

decrease in MPF (in the final epoch with respect to the initial epoch) for female 

was significantly larger than the male (F=3.7, p < 0.05, Figure 2) 

 

X 100 Percent change = 
Last Interval – Initial Interval  

Initial Interval  
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Figure 3: Change in mean power frequency (MPF) of EMG over 10 intervals (10% 

of the time to task failure; A), and associated percent change (percent change from 

the first to the last interval, B) over fatiguing sustained contraction. Asterisk (*) 

indicates differences in EMG MPF changes from the first to the last interval 

between female and male (P <0.05). 
 

Discussion  
The purpose of this study was to determine whether females and males 

demonstrate differences in VMO muscle activity during fatiguing sustained 

contraction. The main finding of the present study showed that the VMO muscle 

in female reflected a larger increase in EMG RMS and greater reduction in EMG 

MPF as compared to male during fatiguing sustained contraction.  The results 

indicates that, VMO muscle in female is more susceptible to fatigue during a 

fatiguing sustained contraction than male. As a result, it may increase the risk of 

knee injuries in females.  

Muscle Function: in male generated a greater isometric knee extension force 

during maximal isometric contraction than the female. However, female 

reflected a long time to task failure during submaximal sustained contraction 

with respect to male (Hunter et al., 2001). The previous studies also reported a 

greater voluntary force production (absolute units) in males than females, 

confirming the findings of the present study (Miller et al., 1993). Maximal 

isometric voluntary contraction of quadriceps measured after fatiguing sustained 

contraction reduced significantly for both female and male, indirectly indicating 

the decreased capacity of quadriceps muscle to generate force (Hedayatpour et 

al., 2014).  Muscle force-generating ability depends upon many factors, such as 

muscle mass, muscle fiber type, and muscle activation characteristics (Miller et 

al., 1993,). This ability has been shown to be significantly higher in males than 
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females (Hedayatpour & Falla, 2015), and is considered to be a reflection of 

greater muscle mass, a higher percentage of fast-twitch muscle fibers 

(Hedayatpour & Falla, 2015) and a sex-specific pattern of muscle recruitment 

(Simoneau & Bouchard, 1989).  
 

Electromyography: The results showed that MPF decreases and RMS increases 

along with time for both sexes during the fatiguing sustained knee extension 

contraction. However, female reflected a higher increase in EMG RMS and a 

greater reduction in MPF for the VMO muscle during fatiguing sustained 

contraction as compared to the male. A higher increase in EMG RMS over 

fatiguing sustained contraction can be explained by increasing motor unit 

recruitment and/or discharge rate required to compensate for contractile failure 

caused by fatigue (Cioni et al., 1994). However, reduction in MPF over 

fatiguing sustained contraction is attributed to a reduction in muscle fiber 

conduction velocity and muscle fiber membrane excitability. This shift of the 

frequency spectrum of the myoelectric signal during sustained contractions, 

together with an increase in EMG amplitude, has been reported in several other 

studies (Kirsch & Rymer, 1992). Therefore, change in mean power frequency 

(MPF) has been confirmed as reliable indicators of muscle fatigue during 

sustained contractions. 

Sex Differences in VMO Fatigability  

EMG manifestation of the VMO muscle showed a greater neuromuscular fatigue 

in female as reflected by a higher increase in EMG amplitude and a greater 

reduction in MPF over fatiguing sustained contraction. A higher VMO 

fatigability in female may be explained by sex differences in synergic muscle 

activity. It has been reported that females utilize different muscular activation 

patterns compared to males. For example, the previous studies reported sex 

differences in hip muscle activity during single-leg landing (DeVries et al., 

1968). Similarly, Clark et al (21) reported females achieve an overall greater 

relative activation of the quadriceps femoris at task failure than men. The 

Previous studies also revealed that knee pain occurs in female more than twice 

as frequently as in men, most probably due to differences in the modulation of 

muscles which control patellar tracking (Boling et al., 2010). Additionally, it has 

been shown that, motor unit recruitment and motor unit discharge patterns of the 

VM and VMO are different between sexes (Tenan et al., 2013). The observed 

differences in VMO activation between men and women indicate that cortical 

control of vastus medialis complex sub-sections may allow for differential 

activation of the VM and VMO. The sexual dimorphism of vastus medialis 

complex neuroanatomy may predispose women to higher activation and injury. 
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In female, a higher increase in VMO activity during fatiguing sustained 

contraction results in high accumulation of metabolites and as a result, increases 

neuromuscular fatigue. The increased neuromuscular fatigue within the VMO 

muscle may abolish the ability of VMO to counteract the lateral pull of the VL 

muscle during knee extension (24), thereby leaving the knee complex more 

vulnerable to injuries (Hedayatpour et al, 2011, 2014).  

The previous investigations have reported the prevalence of PFPS in females to 

be as high as two times that of males (Taunton et al., 2002).  Fulkerson and 

Arendt (27) reported that patellofemoral pain is the most common chronic injury 

in athletic populations and female athletes are considered to be at much greater 

risk from this pathology. Therefore, it may be important to decrease the risk of 

patellofemoral pain syndrome in females via strengthening the VMO muscle.  
 

Conclusion  
EMG manifestation of the VMO muscle showed a higher neuromuscular fatigue 

in female than male. A higher neuromuscular fatigue of the VMO muscles can 

reduce the ability of this muscle to counteract the lateral pull of the VL, and 

consequently, increase the risk of patellofemoral malalignment. Therefore, 

strengthening the VMO muscle may be important to prevent from patellofemoral 

malalignment and as a result, decrease the risk of patellofemoral pain syndrome 

among females.   
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