The Comparison of Neuromuscular Activity of Vastus Medialis Oblique and Vastus Lateralis in Different Time Intervals during Cycling Exercise
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Introduction

Patellofemoral pain syndrome (PFPS) is a common knee disorder affecting 10 to 19% of athletes and approximately 25% of the general population (McConnell, 1996). Because the medial and lateral muscular forces applied to the patella influence the patellofemoral position, these forces can subsequently affect patellofemoral reaction forces and pressures (Salsich, Brechter, & Powers, 2001). On the basis of this premise, an important functional role has been attributed to the vastus medialis oblique (VMO) muscle in the causation of patellofemoral tracking disorders. Therefore, the vastus medialis oblique  muscle is often targeted in rehabilitation or training protocols for treating and preventing PFPS (Shelton & Thigpen, 1991).

The main different that was the neuromuscular perform of VMO, including the activity balance and onset time in VMO and vastus lateralis (VL), between the PFPS and health population during functional movement. If there are imbalance in force of activities between VL and VMO, they could lead to patellar maltracking and over-loading of the subchondral bones (Witvrouw, Sneyers, Lysens, Victor, & Bellemans, 1996). Such a decrease in EMG (electromyography) ratio are not favorable because they would result in excessive lateral pulling force on the patella thus disrupting the normal patellar tracking. However, Some studies found PFPS population easier have lower VMO/VL activities ratio than healthy asymptomatic during some specific functional movements, including stair (McClinton, Donatell, Weir, & Heiderscheit, 2007) and squat movements. For this reason, reestablishing balance between the VMO and VL is the primary goal of PFPS rehabilitation programs. Some study had have used specify exercise program to increase the VMO/VL ratio of PFPS patients during stair, squat and cycling movements.

Pedaling on a bicycle ergometer is a kinds of treatment for PFPS patients (Hungerford & Lennox, 1983). It is more standardized than other exercises since the bicycle limit the range of motion of the knee joint. The activation pattern of the knee muscles allows both the force production and its optimal orientation on the pedals. Because that the VMO and VL muscle activation were focus on the interval of 330~120 degrees of the pedaling action (Hug & Dorel, 2009), was approach to the main range of power output for cycling (Sanner & O’Halloran, 2000). The cycling exercise programs was used for PFPS population hoping to increase the muscle balance and coordination between VMO and VL activity. A number of studies have examined the loading level, cadence and sitting position of cycling to establish the EMG activity level and onset timing of VMO and VL. There was limited study to investigate the relationship between the exercise time and VMO activity pattern. The purpose of study was to investigate the VMO electromyography activation pattern for the different intervals of the cycling exercise.

Methods
This present study, 9 asymptomatic male subjects (age: 19.7±0.5 years, stature: 1.7±0.1 m, and mass: 72.9±10.9 kg) exercised on cycling ergometer (Monark, ergomedic 828E, Stockholm, Sweden) at a moderate speed and loading level while the electromyographic activity were recorded (MP150 system, Biopac, Goleta, CA, USA). First, subject performed a standardized 5-minute warm-up (1kp and 85 rpm) and then resistance was gradually increased until the subject’s maximum tolerable resistance was determined. The maximum tolerable resistance was defined as the highest resistance level where the subject could still maintain 85 rpm cycling. After 10 min rest, a 20 minutes cycling trial were performed on the same stationary ergometer at 85 rpm, 50% of maximum resistance. Matlab 2007 ( Mathworks, USA) was used for data analysis to filter and then calculate the activity ratios and onset timings from the two raw muscle EMG. The mean EMG root mean square (RMS) ratios and onset timings were calculated between 4 testing sessions at 5-6, 10-11, 15-16, 20-21 minute intervals. SPSS 17.0 was used to compare the VMO/VL EMG RMS ratios and VMO-VL onset timings among the 4 intervals individually by 2 one way ANOVA. The significance level was set at p < 0.05.

Results
No significant difference was found the ratios of VMO and VL EMG RMS value among the four intervals (p > 0.05) (Fig. 1). The relative onset timing of VMO and VL was not significant different (p > 0.05) (Fig. 2).
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Fig. 1. The VMO/VL EMG RMS Ratios among 4 cycling exercise intervals in a 21 minutes cycling exercise.
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Fig. 2. The VMO-VL EMG onset relative timing among 4 cycling exercise intervals in a 21 minutes cycling exercise.

Discussion

No significant difference was found the ratios of VMO and VL EMG RMS value among the four intervals. Similarly, The relative onset timing of VMO and VL was not significant different. They showed that the knee muscle neuromuscular is not effected by exercise duration time. The results were different with our inference and the past study, presenting significant difference (Willis, Burkhardt, Walker, Johnson, & Spears, 2005). The past study, Willis et al. (2005) used 18 PFPS patients and 22 asymptomatic persons to measure the effect of different foot cycling positions, including tradition foot position and external rotation cycling position, among the different intervals in a 20 minutes cycling exercise. Although the result showed that the VMO/VL activation rations had significant different in external rotation cycling position, but not in the traditional cycling foot position. Through different foot position device was probable induce more preferential VMO activation, such as knee external rotation in closed kinetic chain exercise (O'Sullivan & Popelas, 2005). Some authors think the cycling exercise was a kind of closed kinetic chain when the cycling loading was proved (Chang & Fu, 2009). In the presenting study, the 9 asymptomatic male subjects all used the traditional cycling foot position that did not induce apparent stimulating VMO muscle activations and timings effect, so that could not have the apparent different among the four time intervals in a 20 minutes cycling exercise. The foot position could be a important factor. 

Second, PFPS patients had been measured the characteristic which was abnormal neuromuscular function, showed lower VMO/VL activation ration (Baker, Bennell, Stillman, Cowan, & Crossley, 2002; McClinton, et al., 2007) and bad proprioceptive sensory (Baker, et al., 2002), while compare with the asymptomatic persons. In the study of Willis et al.(2005), the all 40 subjects included 18 PFPS patients, was different with the presenting study that was all asymptomatic subjects. Some of studies found the relation between changes in the timing of activity of the vastii and PFPS, but not happen in normal subjects (Coqueiro, et al., 2005; Cowan, Hodges, Bennell, & Crossley, 2002). It also could be one of the main important factor. The further study should need to determine the difference in PFPS patients who are diagnosed as neuromuscular dysfunction.

Conclusions
No difference was found in the VMO and VL EMG RMS ratios or onset timings among the asymptomatic subjects. The results showed that these ratios were not increased or the timings were delayed for the different intervals of the cycling.
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