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Abstract

The bicycle ergometer had been used for rehabilitation of various knee disorders including patellofemoral pain syndrome. Different cycling protocols provided various vastus medialis oblique (VMO) selective training effects. It was generally believed that the cycling resistance significantly affect the activities of VMO and vastus laterialis (VL), and the ratio. However, only a few studies had controlled relative resistance during cycling and the results were still controversial. The purpose of this study was to evaluate the effect of different relative resistance on the EMG activity of VMO and VL during cycling. EMG activity of VMO and VL was measured at three different resistance (60%, 40% and 20% of maximum resistance) in 5 asymptomatic male subjects (age 24.0 ± 6.2 years) on a bicycle ergometer (Monark, ergomedic 828E). Each subject performed a 5-minute warm-up and then gradually increased resistance until the subject’s maximum resistance was determined (316.67 ± 49.74 W). The maximum resistance was defined as the highest resistance level where the subject could still maintain 85 rpm. After 5 min rest, the three different resistance trials were randomly performed on the same stationary ergometer at 85 rpm for 3 minutes. There was not significant differences on the VMO and VL activity ratio among three levels (p =.888), but the main effect of load levels showed significant differences on the EMG activity of VMO (p =.001) and VL (p =.016). The cycling resistance significantly affects the activities of VMO and VL. However, it doesn’t happen on the VMO and VL activity ratio.
Introduction
Patellofemoral pain syndrome (PFPS) is a common condition affecting 10–19% of athletes. It has been reported that PFPS affects approximately 25% of the general population at some stage of their lives (McConnell 1996). Patellofemoral pain, or anterior knee pain, is commonly associated with atrophy of the vastus medialis oblique muscle (VMO). Training methods designed to achieve increase of preferential VMO activation are regularly described as integral for the best treatment for chronic patellofemoral pain and postoperative patellofefmoral rehabilitation. Recently, there has been a significant interest in comparing open kinetic chain and closed kinetic chain exercises as they relate to lower extremity rehabilitation. Open kinetic chain exercises, such as leg extension and straight-leg raises (Karst and Jewett 1993; Sykes and Wong, 2003), are those in which there is no reaction force at the foot, whereas closed kinetic chain exercises, such as squatting(Shields, Madhavan et al. 2005) and leg presses, are those in which there is force transmitted through the foot to the tibia. Pedaling on a bicycle ergometer is one possible treatment of patients with patellofemoral disorders(Ericson and Nisell 1987; Johnston 2007). Patients, by appropriately adjusting the bicycle ergometer and their own cycling technique, may achieve a decrease in patellofemoral joint forces that still would give them adequate quadriceps-tendon exercise while reducing pain. It was generally believed that the cycling resistance significantly affect the activities of VMO and vastus laterialis (VL), and the ratio. However, only a few studies had controlled relative resistance during cycling and the results were still controversial. The purpose of this study was to evaluate the effect of different relative resistance on the EMG activity of VMO and VL during cycling. EMG activity of VMO and VL was measured at three different resistance (60%, 40% and 20% of maximum resistance) in healthy people on a bicycle ergometer (Monark, ergomedic 828E).
Methods
EMG activity of VMO and VL was measured at three different load levels (60%, 40% and 20% of maximum resistance) in 5 asymptomatic male subjects (age 24.0 ± 6.2 years, height 176.6 ± 8.4 cm, weight 78.2 ± 18.5 kg ) on a bicycle ergometer (Monark, ergomedic 828E). Each subject performed a 5-minute warm-up and then gradually increased resistance until the subject’s maximum resistance was determined (316.67 ± 49.74 W). The maximum resistance was defined as the highest resistance level where the subject could still maintain 85 rpm. After 5 min rest, the three different resistance trials were randomly performed on the same stationary ergometer at 85 rpm for 3 minutes. The difference of VMO and VL activity ratio among 3 loading levels was determined statistically using three one-way analysis of variance (ANOVA) to the activity of VMO and VL, and the ratio of their activity. The significance level was set at .05.

Results
The means and standard deviations of the VMO and VL, and the ratio of their activity are shown in Table 1. There was not significant differences on the VMO and VL activity ratio among three levels (p =.888) (Figure 1), but the main effect of load levels showed significant differences on the EMG activity of VMO (p =.001) and VL (p =.016) (Figure 2 & 3). 
Table 1. Means and standard deviations (SD) for the VMO and VL, and the ratio of their activity.
	loading level
	VMO
	VL
	VMO/VL

	
	mean
	SD
	mean
	stdev
	mean
	stdev

	20%
	0.25
	0.09
	0.20
	0.08
	1.26
	0.07

	40%
	0.39
	0.18
	0.42
	0.20
	0.93
	0.07

	60%
	0.53
	0.28
	0.51
	0.30
	1.07
	0.13
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Figure 1. VMO/VL activity ratio on three different levels. * p< 0.05.
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Figure 2. VMO activity on three different levels. * p< 0.05.
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Figure 3. VL activity on three different levels. * p< 0.05.

Discussion
There was not a significant difference on the VMO and VL activity ratio, but   significant differences on the EMG activity of VMO and VL among three levels. The results showed that pedalling at 60%, 40% and 20% of maximum resistance resulted in a coherent level of muscular activity, which altogether exhibited an increase as a function of exercise intensity. The results showed the different cycling resistance did not affect the VMO/VL EMG activity ratio in the asymptomatic group. It is suggested by a authors (Souza & Gross, 1991) that individuals with PFPS have abnormal muscle activation patterns that may combine with Neuromuscular factors, such as an lower sensitive and proprioception of the knee joint, to cause the patellofemoral pathology. But we don’t know whether people with PFPS symptoms would be affect by three loading levels. Further studies are needed to determine VMO and VL activity ratio using difference cycling resistance among patients with PFPS.
Conclusion

The cycling resistance significantly affects the activities of VMO and VL. However, it doesn’t happen on the VMO and VL activity ratio.
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