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Abstract

The aim of this study was to evaluate the effects of the chronic stretching on muscle fatigue in male young adults. Thirty volunteers were randomly divided into two groups: Stretching Group (SG, n = 15), the participants performed a stretching exercise program for hamstring muscle, three times a week, for six weeks and Control Group (CG, n = 15). The protocol consisted of three different stretching exercises, performed in 3 repetitions of 30 seconds, totalizing 270 seconds. The Range of Motion (ROM) of the knee was evaluated and the isometric peak torque of the hamstring muscles. The rate of reduction in force was evaluated as the resultant of the maximum and minimum isometric peak torque, which was generated by the hamstring muscles and by the integral area of torque-time was calculated and it provided the impulse during the test execution. Parametric results were analyzed by ANOVA two-factor, post hoc Fisher and for the non parametric data was used the Kruskal Wallis test (p<0,05). The post SG increased the ROM in comparison to the post CG (159±1.5° vs. 136.1±2.5°) (p<0,001). There was no change in peak torque, rate of reduction in force and impulse. The chronic practice of the stretching exercises increases the ROM without interfering the capacity of force maintenance of the hamstring muscles.
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Introduction


Stretching exercises are commonly included in physical training programs with the aim of increasing in Range of Movement (ROM) and improvement on musculoskeletal symptoms and performance [1-4]. Reductions on the force and performance have been observed immediately before the stretching [5-7], so it seems to exist an acute negative effect. On the other hand, if the stretching exercises are performed regularly (chronic effect) the rises in ROM are also accompanied by improvements in muscle force and performance [8,9]. Therefore, the positive effects of those exercises on performance are important to activities which require high contraction capacity (maximum force). The effects of the chronic stretching on contraction capacity can also affect the mechanism of muscle fatigue, so it alters the performance and involves sensory and motor processes [10]. Sensory mechanisms adaptable by stretching are observed in mechanoreceptors activated by joint deformation and mainly in the efferent feedback of motor units in intrafusal gamma striated fiber. These fibers have a motor function and they produce changes on the viscoelastic properties of the muscle [11]. When the properties are affected by fatigue they contribute to inhibition of motoneuron excitability. On the other hand, motor actions depend on the quality of the afferent and efferent impulse originated in the peripheral area (joints and muscles), which can show plastic deformations due regular practice of stretching [12]. Thus, improvements on the excitation-contraction mechanisms may result in increases in contractile force.



Studies in animals have reported increases in serial sarcomere number, cross-sectional area [13,14], protein synthesis [15] and rise in responsiveness of muscle spindle [16], which cause remodeling of the viscoelastic properties of the musculotendinous units. This plasticity may improve in quantity, duration and muscle contraction velocity. Thus, they can increase the capacity of a muscle sustain prolonged efforts. Muscle fatigue is resulted from failures and reduction in neuromuscular system capacity to generate force [17]. Therefore, it is important to understand the mechanisms associated to the reduction processes of performance in order to establish strategies to delay or decrease it. Researches in chronic effect of stretching about muscle performance are not known. In this way, the present study had as objective to evaluate the effects of a chronic protocol of stretching about the capacity of a muscle in sustaining prolonged efforts.




Materials and Methods



Thirty men participated voluntarily in this research (22,1 ± 0,2 years old; 71,6 ± 5,2 kg; 170,0 ± 0,17 cm). They were randomized [18] into two groups: Stretching Group (SG; n=15) and Control Group (CG; n=15). The experimental procedures were performed according the ethic patterns of International Journal of Sports Medicine [19]. The Stretching Group performed 3 types of static stretching exercises for hamstring [6]. Each stretching movement was made in a gradual and slow manner until the beginning of discomfort. The exercises were hold for 30 seconds at the same position, and they were repeated 3 times with a break of 10 seconds between each repetition. This program was realized 3 times a week, during 6 weeks [20].




Determination of Hamstring Muscle Flexibility



Flexibility was evaluated by measuring the knee extension ROM from a flexed position of hip joint using a universal goniometer (Dysport). Firstly, the volunteer kept himself/herself in supine position with the hip and the knee of the limb to be tested effortless flexed in 90°. From this position, the knee was effortlessly and slowly extended until the start of the tension and the discomfort in the knee flexor muscles. The full knee extension was considered as 0° and it was utilized as reference to indicate the limitation of the knee joint extension [16,21,22]. Three measurements were taken, and the arithmetic mean of them used for analysis.




Isometric Torque



Isometric peak torque was measured by the maximum torque generated by the knee flexor muscles (hamstrings). The isometric peak torque was determined by the product of isometric peak force of the hamstrings and the limb length, which was considered from the fixing point of load cell cable to the knee joint center. The isometric force was determined by a load cell (Kratos, model CZC500) that was fixed to an inextensible cable and attached near the malleolus by a Velcro system that was placed close to the malleolus. The Figure 1 shows schematically the position of the participants for measurements of isometric force [23].
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Figure 1:  Position of the participants for measurements of isometric force.


 







 
The load cell signals were amplifier (Kratos, model IK- 1C), and they were also converted to a digital format (National Instruments, model NI USB 6218) with a frequency of acquisition of 1000 Hz, which allowed the subsequent reconstruction of force-time curve. The participants were instructed to perform the knee flexion movement the faster as possible and hold it for 30 seconds continuously without relaxing in one maximum repetition. Each volunteer performed a five-minute warm up on a stationary exercise bike with no resistance and with 50% to 75% of the maximum cardiac frequency [24], before the evaluations and the stretching exercises. The familiarization session was conducted seven days before the evaluation with the aim of reducing variability and to minimize possible learning effects. The integral area of torque-time was calculated and it provided the impulse during the test execution [25]. Furthermore, the time that the effort was performed was calculated. The capacity of the participants to resist the effort was determined by the rate of reduction in force, which was determined by the relative difference between the maximum peak torque at the beginning of the test and the minimum peak observed at the end in relation to time [26,27]. The Figure 2 shows schematically the variables analyzed in the study.
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Figure 2:  Scheme of the force test. Pt= Peak Torque; I= Impulse; Pmax= Maximum peak torque; Pmin= Minimum peak torque; Δ%= Peak torque variation.


 





Analysis of the Results



It was used a descriptive statistic as mean ± standard deviation. For the data analysis, the normality and the homogeneity were evaluated with Shapiro-Wilk e Levene tests, respectively. When the values were parametric the comparisons were performed by analysis of variance (ANOVA- two-factor), followed by post hoc Fisher. When non-parametric they were compared using the Kruskal Wallis. It was used Statistica Software (version 7.0®) for all the statistical analysis and it was also adopted a significance level of 5% (p<0.05).



Results



The knee extension motion's range of the GA group increased after the stretching protocol, both in intra comparison (151 ± 2° vs 124 ± 3°, p <0.001) and groups comparison (159 ± 1° vs
132.12 ± 1.50°, p <0.001). There were no differences in torque within and between groups (p> 0.05). The results are reported peak of hamstrings, strength maintenance rate and impulse in Table 1.





Table 1: Means, standard deviations and internal consistency of the SCORE dimensions.
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CG: Control Group; SG: Stretching Group. ROM = Range of Motion; Pt= Peak torque, RF= Rate of reduction in force, I= Impulse. The data are mean ± standard deviation. *p<0, 05 when it is compared to pre GA and post CG.




Discussion



The six-week stretching program applied in young adults in which the present study is based was effective to increase in 17% the knee motion's range. The benefits were greater than in other studies in which the amplitude of movement was only 6% [16]. Probably, the shorter length of the training period (5 vs 6 weeks) and the total volume (90 vs 270S) may explain the discrepancies between the data presented in this study and by Roberts and Wilson's reports. Moreover, Rancor et al. [28] found increments of 21% with a smaller amount of training (120s), but with a longer length (8 weeks), in which the stretching exercises were administered. Therefore, the volume and frequency of training seem to be crucial and must be controlled so that the gains can be obtained. The increments in the motion’s range can be attributed to several mechanisms which involve changes on the particular tissues, tendon and muscles. Changes in the viscoelastic properties of muscle tissue may have decreased muscle tension throughout the training period and allowed changes in muscle extensibility [15].



Furthermore, the decrease of excitability or synaptic transmission of motor neurons afferent fibers and the reduction of muscle spindles’ sensitivity in response to the exercise program may also have contributed to the increasing of the tolerance to stretching stimuli [29]. Thus, the activity of the muscle-tendon and joint proprioceptors could have been mitigated and could have helped reduce stiffness, aiming muscle length and ROM increasing [9]. The torque peak, impulse and ability to maintain strength remained unchanged after the training program involving stretching exercises. Other studies also found no gains in young adults on the eccentric isokinetic torque peak, after a four-week program of exercises performed three times a week [30,31]. Also, in a study that lasted 12 weeks of training (two sessions a week with three repetitions of 30 s), Nobrega et al. [32], there were not found any significant increases in muscle strength in the 1RM test. However, others [33] that evaluated concentric isokinetic torque after six-week training program with stretching exercises (5 sessions per week) in young adults found gains of 3.2%. Therefore, programs that involve stretching exercises to improve the contractile capacity should be performed in periods longer than 5-6 weeks and with volumes of not less than 30s. The small influence of the program of stretching exercises on the pulse and support rate of the isometric strength may be associated with mechanisms involved in or synergistic co- activations muscle actions.



The mechanisms are associated with activation of other muscles that act together with the main agonist muscles, being observed as muscular ability, the activation of slow-twitch motor units that can sustain an isometric force longer than fast- twitch motor units [34]. In general, these mechanisms have been interpreted as a form of compensation and muscle strategy that aims to support muscle strength [35]. Future studies involving muscle activation parameters are needed to confirm these speculations. Although no significant changes were observed on the contractile capacity, the stretching protocol did not produce reductions in torque peak, which are usually found immediately after application of flexibility exercises [36,37]. Therefore, stretching protocols carried out regularly are effective to produce increases on the motion range, but do not produce a decreasing of the muscle strength production's maximum ability. The studies aiming the investigation on the eccentric isokinetic torque as well as electromyography evaluations of synergist and antagonist muscles are needed for the chronic effects of stretching on the contractile capacity can be better understood.
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