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Abstract 

Elite dancers have higher rates of injury than college athletes; this may, in part, be due to improper 

alignment during dance movements. Electromyographic (EMG) activity at the vastus lateralis (VL) and 

vastus medialis oblique (VMO) may be important indicators of abnormal neuromuscular control at the 

patellofemoral joint in dancers. This study aimed to examine how turnout (maximal hip external rotation) 

impacts the activation of the VMO and VL during foundational dance movements in dancers. Thirty female 

collegiate dancers were recruited from intermediate and advanced ballet and modern technique classes. 

EMG was used to examine the activation of the VMO and VL during maximal isokinetic knee extensions 

and during demi-pliés and sautés in parallel and turned-out positions. Mean VMO:VL ratio was determined 

as a percent of the highest repetition of maximal extension. The VMO:VL ratio was significantly lower 

during parallel sautés (0.921 ±0.258) in comparison to turned-out sautés (1.008 ±0.384; p=0.033) and 

parallel pliés (1.185 ±0.509; p=0.002). No relationships were seen between VMO:VL ratio, injury history, 

and predominant style of dance. These findings suggest that dancers do not properly activate the VMO 

during jumps in parallel, which may cause improper patellar tracking and potential knee pathologies. 

Proprioceptive and neuromuscular training of the VMO might be warranted for collegiate dancers.  

 

 

 

 

 

 

 

 

 

 

 



Introduction 

Dancers often have higher rates of injury than college athletes, with 80-97% of professional and 

collegiate dancers reporting at least one musculoskeletal injury per year.1-7 This high incidence of injury 

may be due to the repetitive nature of dance training involving movements which, when performed 

incorrectly, can lead to the development of chronic injuries over time.8,9 Concert dance training is often 

practiced in high volume; in particular, a high volume of jumps are regularly performed, with over 200 

jumps occurring in a typical 90-minute dance technique class.10 Additionally, dance training rarely 

incorporates any principles of periodization, potentially linked to signs of physiological stress particularly 

close to performances, putting dancers at risk of overtraining and fatigue.11,12 As such, improper alignment 

at the hip, knee, or ankle while performing dance movements is a risk factor for lower extremity injury.13,14 

Examining the potential impact of this malalignment may help to explain the increased risk of injury in 

dancers. 

“Turnout,” or maximal hip external rotation, is an essential aspect of ballet and modern dance 

technique but is frequently performed with improper alignment.8 Turned-out positions are less stable than 

parallel positions, in which hip rotation is not present.15 As maximal turnout is a desirable aspect of classical 

dance aesthetics, dancers sometimes force a stance that appears more turned-out by coupling their maximal 

hip external rotation with tibial rotation and ankle pronation, but this forced position is associated with 

higher risk of both traumatic and overuse injuries.8,16 One factor that may contribute to malalignment in 

turned-out positions is improper patellar tracking associated with abnormal neuromuscular control of the 

vastus medialis oblique (VMO) and vastus lateralis (VL) muscles of the quadriceps, as this may lead to 

injuries including patellofemoral pain.17,18 Neuromuscular control involves the integration of neural, 

physical, and behavioral contributions necessary to produce a desired movement.19 Little is known about 

the neuromuscular control of these quadriceps muscles during functional movements in dance.  

One previous study demonstrated that the VMO:VL activation ratio, assessed using 

electromyography (EMG), is lower in individuals experiencing patellofemoral pain (PFP) than in healthy 

individuals during functional activities.20 The VMO also shows a delayed activation in comparison to the 



VL in individuals with PFP during dynamic movements.20,21 Since most dance movements develop lateral 

quadriceps muscles more than medial muscles due to the prevalence of turnout,22 VL and VMO EMG 

activity may be important indicators of abnormal neuromuscular control in dancers. As the strength of 

individual quadriceps muscles cannot be assessed in vivo, EMG can be used to examine the neuromuscular 

control of individual muscles rather than their strength.23,24 

Given the paucity of data exploring the neuromuscular activation of the VMO and VL during 

foundational dance movements, the purpose of this study was to examine how turnout (maximal hip 

external rotation) impacts the activation of the VMO and VL during foundational dance movements in 

collegiate dancers. It was hypothesized that dancers would display less activation of the VMO while 

performing dance movements in turned-out positions. 

Methods 

Participants for this study were 30 female collegiate dancers currently enrolled in intermediate- or 

advanced-level ballet or modern dance technique classes. Participants were able to perform all aspects of 

this study without pain and did not have any hip or knee injuries within the last month, which was defined 

as any injury that prohibited the dancer from fully participating in their training. This injury definition is 

based on previous studies,25,26 the International Performing Arts Injury Reporting System,27 and various 

other athletic and occupational injury definitions.28-32 This definition was also used to obtain injury history 

data via questionnaire. Additionally, the participants’ time-based dance exposure was obtained via 

questionnaire, where dance exposure was defined as the number of hours per week of “any participation in 

a class, rehearsal, or performance in which the dancer was exposed to the possibility of a dance injury”.25,26 

This study was approved by the college’s Institutional Review Board (IRB#1901-789), and all participants 

provided written informed consent prior to testing. 

Experimental Trial 

Participants performed a five-minute warm-up on a cycle ergometer at a self-selected pace before 

the testing trials, which consisted of two phases: a maximal knee extension phase and a foundational dance 



movement phase. The order of these two phases was counterbalanced (Figure 1). Unlike most dance studios, 

both phases of testing took place in a lab that did not have mirrors or sprung floors.  

Neuromuscular Activation 

EMG activity was used to assess the neuromuscular activation of the VL and VMO in both testing 

phases. A BIOPAC MP36 system was used to monitor surface EMG activity.33 Prior to testing phases, each 

participant’s skin was abraded with gauze and then cleaned with alcohol. Six EMG electrodes were then 

applied to the participant’s right leg (Figure 2): the VMO and VL each had two electrodes affixed, 20 mm 

apart, on the muscle belly and parallel to the muscle fibers, at approximately 25% of the total thigh length 

above the superior border of the patella.33,34 Two ground electrodes were applied: one just below the right 

tibial tubercle and one on the right fibular head.35 All electrodes and wires were secured with surgical tape.36 

Maximal Knee Extension Phase 

During maximal knee extensions, the participants were seated and secured into the chair of a 

HUMAC NORM Cybex isokinetic dynamometer.37,38 Each participant performed 3 repetitions of isokinetic 

concentric knee extensions at an angular velocity of 60°/second to familiarize themselves with the protocol. 

After a moment of rest, 5 maximal repetitions were performed to obtain maximal EMG activity and peak 

torque values. Participants received verbal encouragement as well as visual feedback of their force output 

on the computer monitor to encourage maximal performance;39 this feedback was provided in a consistent 

manner across participants. Peak torque (Nm) was recorded and normalized to body weight. 

Dance Movement Phase 

Two foundational dance steps were examined: pliés and sautés (jumps). To perform a plié, the 

knees bend in order to lower their torso, then return to the original standing position by straightening the 

legs while keeping the torso upright and the heels in contact with the floor throughout. Jumps are performed 

from the bottom of the plié position and land in the same position; in the air, the knees extend and ankles 

plantar-flex while the torso is kept upright. A metronome was set to 60 bpm to keep time. Participants were 

instructed to perform pliés by taking two beats to descend and two beats to rise and to perform jumps at 

one repetition per beat (including rising and descending phases). These are common dance movements, so 



participants were familiar with the proper execution of these movements prior to testing. Pliés were always 

performed before jumps, as this follows the progression of a standard dance class. 

These two dance steps were each performed in two conditions: a parallel position with no hip 

rotation (feet placed hip-width apart) and a turned-out position with maximal hip external rotation and heels 

together (ballet first position). The order of the parallel and turned-out conditions was counterbalanced. 

Participants performed five consecutive repetitions to familiarize themselves with the proper timing of the 

movements and then three repetitions of pliés and five repetitions of sautés in each condition, with breaks 

in between the four different steps, while EMG was continuously recorded. Unlike the maximal knee 

extension trials, no verbal encouragement was provided during the dance movements as this would not be 

common practice during dance technique classes.  

EMG Analysis 

The EMG leads were set up with one channel assigned to each muscle.33 Data was sampled at a 

rate of 2.000 kHz with high and low pass filters of 5 and 1000 Hz and gain set at 1000x. EMG data was 

full-wave rectified and the mean amplitude, in millivolts, was recorded for each repetition in each condition. 

The maximal contraction with the largest mean value was recorded as the maximal EMG value for each 

muscle.20 The mean EMG activity for the three pliés in each condition were assessed for each participant. 

Only the second, third, and fourth jumps in each condition were included in data analysis to eliminate the 

effects of initiating or stopping repeated jumps. The mean EMG output in each condition was then 

converted to percent of maximum and the percentages were used to calculate the VMO:VL ratio, with the 

maximal VMO:VL set as 1:1. All EMG analysis was completed by a single investigator in order to maintain 

consistency between movements and participants. 

Statistical Analysis 

The parallel and turned-out conditions were compared using within-subjects paired t-tests. 

Independent sample t-tests and Pearson correlations were used to compare or relate EMG data to factors 

including predominant style of dance studied and injury history. All data was analyzed using IBM SPSS 



Statistics 25.0. Significance for all tests was determined at ⍺=0.05. All data is presented in mean ± standard 

deviation. 

Results 

Dance Exposure 

Participants had a mean time-based dance exposure of 16.4 (±9) hours per week; full participant 

demographics are displayed in Table 1. Each dancer was classified as focusing predominantly in either 

Ballet (n=14) or Modern (n=16) technique based on the time spent weekly in technique classes of each 

style. The groups did not differ in the total number of dance exposure minutes, but each group participated 

in more minutes of technique class in their respective style than the other group (Figure 3). Seven of the 14 

ballet dancers also took modern technique, and two of the 16 modern dancers also took ballet technique. 

Injury History 

A total of 51 injuries were reported, with 73% occurring in the lower extremity. Nineteen 

participants (63%) reported experiencing at least one lower extremity injury. Of the participants that 

reported a lower extremity injury, the average number of injuries of the lower extremity reported was 2 

(±0.9). Eight participants did not report injuries from any point in their dance career.  

Neuromuscular Activation 

During maximal knee extension trials, mean maximal VMO activation was 0.4042 (±0.187) mV, 

and mean maximal VL activation was 0.5698 (±0.293) mV. There was a moderate correlation between peak 

torque and EMG amplitude for both VMO (R=0.470, p=0.009) and VL (R=0.635, p<0.001). These values 

resulted in an absolute VMO:VL ratio of 0.771 (±0.338) during the maximal knee extension trials. When 

the maximum ratio was normalized to 1:1, none of the VMO:VL ratios during the dance protocol, 

determined as percentages of the maximal values, were significantly different from the absolute maximum 

ratio (p>0.05).  

When comparing parallel and turned-out conditions for pliés and sautés, both the VMO and VL 

were more activated in the turned-out positions (Figure 4). The VMO:VL ratio was significantly greater 

during turned-out jumps compared to parallel jumps (p=0.033), but this difference was not observed during 



pliés (p=0.358; Figure 5). Furthermore, the VMO:VL ratio was significantly greater in parallel pliés 

compared to parallel jumps (p=0.002) but this difference did not occur in the turned-out positions (p=0.072; 

Figure 5). 

No differences were present in VMO and VL activation or VMO:VL ratio between the Ballet and 

Modern groups (Table 2). Furthermore, there were no differences between dancers with and without lower 

extremity injuries (Table 3), nor correlations with the number of injuries (Table 4). 

Discussion 

Overall, the VMO and VL both displayed more activation in the turned-out positions during pliés 

and jumps. Lower levels of VMO activation, relative to VL, were observed during parallel jumps in 

comparison to parallel pliés and turned-out jumps. These findings contradict the hypothesis that dancers 

would display less activation of the VMO when performing dance movements in turned-out positions. 

Additionally, this low VMO activation during parallel jumps indicates that dancers specifically have poor 

neuromuscular control during this movement. There were no relationships seen between the VMO:VL 

ratios during fundamental dance movements and injury history, nor with predominant style of dance 

studied.  

The low VMO:VL ratio observed during parallel jumps may indicate a lack of neuromuscular 

control of the VMO. Participants specifically failed to fully activate the VMO while jumping in a parallel 

position, which puts them at a higher risk for lower extremity injuries.13,14 A typical 90-minute dance 

technique class regularly involves over 200 jumps, more than half of which land unilaterally; this repetitive 

load can stress the hip, knee, and ankle joints, especially when movements are performed with improper 

alignment.10,13 Low VMO:VL ratios can indicate improper patella tracking,17,18 leading to lower extremity 

injuries including patellofemoral pain.20,21,40 A study by Kamenski & Fu reported that the overdevelopment 

of lateral quadriceps muscles and underdevelopment of medial quadriceps muscles that can occur with 

dance training are contributing factors to the high rates of knee injuries seen in dancers.41 While no 

relationship was observed between VMO or VL activation and injury history in this study, these results are 

still indicative of malalignment during sauté jumps in a parallel position, a fundamental motor pattern 



utilized in both ballet and modern dance disciplines. Interestingly, the VMO was more activated during 

exercises in the turned-out positions, which was unexpected based on previous studies that indicated either 

no change or a decrease in VMO:VL ratio with hip external rotation.40,42,43  

The VMO:VL ratio was significantly greater during parallel pliés and turned-out jumps, indicating 

that greater activation of the VMO during jumps in parallel may be physiologically possible for these 

dancers. This discrepancy between pliés and jumps may be associated with decreased proprioception in the 

lower extremity, indicating a need for increased neuromuscular control. The dance movements performed 

in the current study examined only fundamental dance movements; when multiple dance movements are 

combined to create the complex movement patterns found in concert dance performance, there is a 

possibility for even more VMO:VL imbalance to occur due to the increased variability and unpredictability 

of movement patterns. Focusing on proper VMO activation and strong lower extremity proprioception, 

specifically in parallel positions and during complex movement patterns, may be appropriate for injury 

prevention and training in collegiate dancers.  

Miller et al. found that external rotation of the hips is associated with a lower VMO:VL ratio during 

unilateral step-up/step-down and modified wall slide exercises (bending the knees to 75° flexion) in student 

athletes.40 This is in contradiction with the data from the present study, possibly due to differences in how 

dancers and athletes may approach movements due to highly specific aesthetic constraints of dance 

techniques.13 Additionally, previous studies that have examined the VMO:VL ratio have utilized isolated 

and closed-chain movements rather than more complex movements.40,42,43 Jumps introduce braking ground 

reaction forces, which may put dancers at a higher risk of injury, especially when landing in unilateral 

positions.9,44,45 More information is needed to determine possible imbalances between the VMO and VL 

during complex movements, specifically within the constraints of dance technique.  

Bose et al. reported that the majority of fibers that make up the proximal tendon of the VMO 

originate from the same tendon as the adductor magnus.46 This similar origin point may provide one 

explanation as to why VMO activation was greater during turned-out versus parallel jumps as, with proper 

dance technique, some hip adduction should occur during the rising phase of jump in a turned-out position.47 



Furthermore, the VMO:VL ratio has been shown to be higher during a single-legged jump compared to a 

double-legged jump, indicating that the VMO may play a role in maintaining stability.48 Massó et al. 

reported that the soleus shows greater EMG activity when standing in a turned-out position in comparison 

to a parallel position, indicating that the turned-out position is less stable.15 Therefore, a dancer may rely 

on increased VMO activation to maintain adequate stability when jumping in turned-out positions as these 

are inherently less stable than parallel positions. This may help to explain the discrepancies seen between 

the data in the current study and previously published literature.40,42,43  

No differences in VMO:VL ratios were observed when comparing ballet and modern dancers in 

any testing conditions. In a typical technique class, ballet dancers spend most of the time working in a 

turned-out position while modern dancers shift between parallel and turned-out positions.10 Because of this 

difference in technical training, it is possible that ballet- and modern-focused dancers may develop different 

strength and endurance abilities in the hip external rotation.49 However, this difference in technical training 

did not appear to impact the activation of the VMO and VL during pliés and jumps. There was also no 

difference in muscle activation between dancers with and without a history of lower extremity injury, nor 

a correlation between activation and number of injuries. However, injuries were self-reported and therefore 

information about injury history in these participants comes with a degree of uncertainty. Regardless, the 

inactivation of the VMO during parallel jumps appears to be a fundamental issue observed in dancers across 

a variety of concert dance forms, regardless of injury history. 

Future Research 

Sreekar Kumar Reddy et al. reported increased activation of the VL during isometric contraction 

with the ankle pronated in comparison to neutral placement with difference was seen in VMO activation.50 

Weight-bearing ankle pronation causes the tibia to rotate internally, increasing the Q-angle of the knee, 

causing joint laxity and rotary stress that can cause patellofemoral pain.50 Kinematic variables, such as the 

degrees of ankle pronation and knee valgus, were not analyzed in this study, but it is plausible that either 

or both may have occurred during jumping. In particular, the maximal hip external rotation required by the 

turned-out position can encourage ankle pronation and subsequent knee valgus, especially when dancers 



force the positioning of their feet beyond their maximal hip external rotation.8,16 Focusing on proper 

alignment of the foot, ankle, and knee when landing and pushing off jumps may be a useful tool in 

improving VMO and VL activation and risk of injury in dancers. Additionally, similar protocols could be 

used to examine other dance movements, especially more complex jumping sequences, that may be 

associated with improper neuromuscular control of the VMO and VL and therefore pose a risk of injury. 

Limitations 

While EMG can be used to analyze neuromuscular control of the VMO and VL, it is not an actual 

predictor of the force, the balance of forces, or patellar tracking at the knee joint.23 The muscle cross-

sectional area, specific tension, quadriceps geometry and muscle stiffness all contribute to the forces on the 

patellofemoral joint by these muscles without having an effect on EMG.23,51-54 In order to limit the 

influences of these factors, percent of maximum activation was used for analysis (rather than EMG 

amplitude) to calculate VMO:VL ratio,20 and analysis between dance steps were performed within-subject. 

While an imbalance of forces on the patella cannot be directly inferred from the results of EMG analysis, 

there is currently no method of estimating these forces from individual quadriceps muscles in vivo.23,24 

EMG is currently the most appropriate method to estimate this, as a low VMO:VL is associated with 

improper patella tracking and PFP.20,21 

Additionally, the lab used for data collection did not have a mirror as most dance studios do and 

did not have sprung floors. While participants were instructed to perform the dance movements with proper 

technique, they may not have been as concentrated on achieving proper classical dance aesthetics during 

their trials as they would in a typical dance class. Therefore, the execution of pliés and jumps that was 

recorded in this study may have been different from how they are normally performed in class.  

Conclusion 

The present data suggest that collegiate dancers do not fully activate the VMO during jumps in a 

parallel position in comparison to turned-out jumps and to pliés in parallel. Additionally, the VL and VMO 

were both significantly more activated in turned-out positions in comparison to parallel positions. These 

results appear to be common to both ballet- and modern-focused collegiate dancers and are not correlated 



with injury history. Focus on proprioceptive and neuromuscular training of the VMO is recommended for 

collegiate dancers in order to improve activation of the VMO and limit the risk of future injuries. Future 

studies should continue to examine the relationships between VMO and VL neuromuscular activation, 

improper alignment, and injury rates in foundational and complex dance movements.  
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Figure 1: Experimental protocol 
 



 
Figure 2: Electrode placement 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 1: Participant demographics (N=30)   
 

 Mean ±SD 
Age (years) 20.3 ±1.4 
Height (cm) 165.0 ±5.1 
Weight (kg) 58.5 ±6.3 
BMI (kg/m2) 21.5 ±2.4 
Dance exposure (hours/week) 16.4 ±9.0 
Peak relative torque (Nm/kg) 2.9 ±0.5 
Number of injuries reported 1.7 ±1.2 
Number of injuries in college 0.7 ±0.8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 2: Mean (± standard deviation) VMO:VL ratio between Modern and Ballet dancers 
 

  Modern (n=16) Ballet (n=14) p-value 

Maximal (absolute) 0.822 ± 0.383 0.713 ± 0.280 0.387 
Parallel pliés 1.129 ± 0.523 1.251 ± 0.503 0.519 
Turned-out pliés 1.168 ± 0.593 1.123 ± 0.358 0.809 
Parallel jumps 0.899 ± 0.292 0.946 ± 0.221 0.625 
Turned-out jumps 1.026 ± 0.452 0.988 ± 0.294 0.791 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 3: Difference in the mean (± standard deviation) VMO:VL ratio between dancers with and without 
reported lower extremity injury 
  

VMO:VL Injury history (n=19) No injuries (n=11) p-value 

Maximal (absolute) 0.799 ± 0.374 0.716 ± 0.259 0.540 
Parallel pliés 1.158 ± 0.440 1.241 ± 0.648 0.684 
Turned-out pliés 1.145 ± 0.308 1.152 ± 0.757 0.977 
Parallel jumps 0.929 ± 0.241 0.904 ± 0.302 0.810 
Turned-out jumps 1.024 ± 0.392 0.978 ± 0.375 0.761 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Table 4: Pearson correlation between the VMO:VL ratio and number of lower extremity injuries reported 
 

VMO:VL R-value p-value 

Maximal (absolute) 0.226 0.230 
Parallel pliés 0.002 0.993 
Turned-out pliés 0.032 0.866 
Parallel jumps 0.121 0.524 
Turned-out jumps -0.017 0.930 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Figure 3: Mean (± standard deviation) minutes spent in ballet and modern technique classes and total dance 
exposure for Ballet (n=14) and Modern (n=16) groups. Asterisk (*) indicates a significant difference 
between the Ballet Group and the Modern Group (p < 0.05).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Figure 4: Mean (± standard error) VMO and VL activation during pliés and jumps expressed as a percent 
of maximal activation amongst female collegiate dancers (N=30). Asterisk (*) indicates increased 
activation in turned-out position in comparison to parallel (p<0.05).  
 
 
 



 
Figure 5: Mean (± standard deviation) VMO:VL ratio during pliés and jumps in parallel and turned-out 
conditions amongst female collegiate dancers (N=30). Asterisk (*) indicates significantly large ratio during 
turned-out jumps in comparison to parallel jumps (p=0.033); double asterisk (**) indicates significantly 
larger ratio in parallel pliés than in parallel jumps (p=0.002) 
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