






[image: PDFHALL.COM]






Menu





	 maison
	 Ajouter le document
	 Signe
	 Créer un compte







































Effects of Active Warm-up and Diurnal Increase in Temperature on

(24) as a function of the environmental conditions and the exercise intensity. Our AWU .... breaking of the stable bonds between actin and myosin filaments (28). 

















 Télécharger le PDF 






 164KB taille
 0 téléchargements
 206 vues






 commentaire





 Report
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Effects of Active Warm-up and Diurnal Increase in Temperature on Muscular Power SE´BASTIEN RACINAIS, STEPHEN BLONC, AND OLIVIER HUE Laboratory ACTES, University of Antilles-Guyane, Pointe-a`-Pitre, FRANCE



ABSTRACT RACINAIS, S., S. BLONC, and O. HUE. Effects of Active Warm-up and Diurnal Increase in Temperature on Muscular Power. Med. Sci. Sports Exerc., Vol. 37, No. 12, 2134 –2139, 2005. Purpose: To investigate the effects of both an active warm-up (AWU) and the diurnal increase in body temperature on muscular power. Methods: Eight male subjects performed maximal cycling sprints in the morning (7:00 –9:00 a.m.) and afternoon (5:00 –7:00 p.m.) either after an AWU or in a control condition. The AWU consisted of 12 ˙ O2max interspersed with three brief accelerations of 5 s. Results: Rectal temperature, maximal force min of pedaling at 50% of V developed during the cycling sprint, and muscular power were higher in the afternoon than in the morning (P ⬍ 0.05). Rectal temperature, calculated muscular temperature, and muscular power were higher after AWU than in control condition (P ⬍ 0.05). Conclusions: The beneficial effect of an AWU can be combined with that of the diurnal increase in central temperature to improve muscular power. Key Words: CIRCADIAN RHYTHM, TIME OF DAY, ANAEROBIC EXERCISE, CYCLING SPRINT
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increases muscular power in the morning, when the rectal temperature is at its lowest, but not in the afternoon, when it is at its highest (21). This suggests that the PWU effect of an increased central temperature and that of a warm environment cannot be combined to improve muscular power (21), possibly because of their similar effect on neuromuscular efficiency (22). These results point to a “ceiling,” above which an increase in central temperature fails to improve muscular performance in a warm environment (22). This “ceiling” is in accordance with the recent results of Backx et al. (2) and Drust et al. (11), who observed no beneficial effect of a PWU (warm environment) on muscular power. An active warm-up (AWU), however, differs from a PWU in that it engenders beneficial effects that do not depend on temperature (6) and that may thus be independent of the circadian variation in central temperature. Interestingly, an AWU was shown to increase muscular power more than a PWU (19). We thus hypothesized that an AWU would enhance muscular power beyond the beneficial effect of the diurnal increase in central temperature. The purpose of this study was to determine whether the increases in cycling sprint performance previously observed with either an AWU (25) or the diurnal increase in central temperature (4,21,26) are cumulative.



he effect of time of day on short-term muscular performance in a neutral environment has been well documented. Maximal sprint performance shows a significant diurnal increase both when tests are conducted over an entire 24-h day (26) and when they are conducted during the daytime only (4,21). Muscular power is generally increased by the end of the afternoon, at the peak of the circadian temperature curve (9,26). Some studies have suggested that the simultaneous increases in central body temperature (from oral or rectal data) and muscular power are causally related because the diurnal increase in central temperature may have a beneficial passive warm-up (PWU) effect (4,18,20). In parallel with the diurnal variation in central temperature, a variation in environmental temperature can also influence muscular power by a PWU effect. Indeed, Falk et al. (12) and Linnane et al. (15) demonstrated that muscular power (cycling sprint test) was greater in a warm environment than in a neutral environment. However, it was recently shown that the PWU effect of a warm environment
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METHODS Subjects. Eight male physical education students gave written consent to participate in this study after receiving a
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thorough explanation of the protocol. The study was approved by the appropriate ethics committee. The mean age, height, body mass, and maximal oxygen consumption ˙ O2max) of the subjects were 27 ⫾ 8 yr, 1.76 ⫾ 0.06 m, (V 68.3 ⫾ 10 kg, and 43.1 ⫾ 8.9 mL·kg⫺1·min⫺1, respectively. All the subjects were moderately active (physical activity: 7 ⫾ 3 h·wk⫺1). Only men were studied in order to avoid interaction with the menstrual cycle in female subjects. Moreover, all the subjects were classified as “neither type” (score range from 42 to 55) from their responses to the ¨ stberg (14), self-assessment questionnaire of Horne and O which determines morningness– eveningness. Experimental procedure. In the first session, their ˙ O2max was measured and they were familiarized with the V test procedures. The four following test sessions were held in random order. Two of them were conducted in the morning (7:00 –9:00 a.m.) and two in the afternoon (5:00 –7:00 p.m.) with either an active warm-up (AWU) or in control condition (CC). The laboratory conditions were recorded with an electronic thermometer– hygrometer (Novo 16755, Novo, France, precision 0.1°C) and were 21.5 ⫾ 0.7°C and 65.5 ⫾ 3% for temperature and humidity, respectively. The subjects were instructed to avoid any kind of strenuous activity for 24 h before each test, to sleep normally, and to wear the same sportswear and shoes for every test. First session. Subjects were seated at rest and were asked to complete the morningness-eveningness questionnaire (14). If a subject i) was in good health, ii) did not have a marked chronotype, and iii) agreed to follow all instructions concerning sleep, alimentation, and activity, he was included in the study. Once included, all subjects performed an incremental test on an electromagnetic cycle ergometer. The test began by with a 3-min warm-up at 70 W followed by a continuous incremental test with 1-min steps. The intensity increment was 30 W and the test was performed until exhaustion. During the test, expired gases were recorded by a breath-by-breath analyzer (Vmax 229 D series, Sensormedics Corp., Yorba Linda, CA) in order to deter˙ O2max ˙ O2max of each subject. The attainment of V mine the V ˙ was based on the attainment of a VO2max plateau, a respiratory exchange ratio higher than 1.1, and the subject’s exhaustion (impossibility to continue despite verbal encouragement). This test was followed by rest and hydration ad libitum. When ready, the subjects familiarized themselves with the experimental procedure that would be followed in the next four sessions. Test sessions. The four test sessions took place in random order on different days within the limit of 1 wk. Each test session began with 1 h of rest in the seated position. Rectal temperature (Trect) and cutaneous temperature above m. quadriceps femoris (Tskin) were then measured with a rectal probe (YSI 402, Yellow Springs Instruments, OH, insertion depth 15 cm) and a cutaneous probe (YSI 409B, Yellow Springs Instruments), respectively. The muscle temperature (Tmusc) was estimated from the skin temperature as follows: Tmusc ⫽ 1.02 ⫻ Tskin ⫹ 0.89 [correlation with muscle temperature r2 ⫽ 0.98, (8)]. The subWARM-UP AND DIURNAL RISE IN TEMPERATURE



jects were then seated on the electromagnetic cycle ergometer and the warm-up procedure began. In order to reduce the risk of injury and to ensure similarity with previous studies (18,20,21), the CC condition began with 3 min of pedaling at 70 rpm at 50% of the ˙ O2max. The WU condition consisted in 12 min of pedaling V ˙ O2max, with brief 5-s accelerations at 4, 7, and at 50% of V 10 min. During the warm-ups, oxygen consumption was continuously monitored and the braking load was adjusted to maintain a relative intensity corresponding to 50% of ˙ O2max. The same electromagnetic cycle each subject’s V ergometer and gas analyzer were used for the incremental test and the four test sessions. After warming up, the subjects rested for 5 min before starting the first sprint. Maximal cycling sprints were performed 5, 10, and 15 min after the end of the warm-ups on a friction-loaded cycle ergometer (Monark 824E, Stockholm, Sweden) specially adapted for sprint exercise. Temperatures were recorded every 3 min during the warm-ups and at 4, 9, 14, and 19 min of the cycling tests. The timing of the entire protocol (especially recovery time, measurement, and sprint start) was controlled by software developed in our laboratory with a LabVIEW interface (LabVIEW, National Instruments, TX). Cycling sprint and calculation. The test consisted of a maximal sprint lasting approximately 7 s against a friction resistive load set at 60 g·kg⫺1 body mass applied on the periphery of the flywheel. The subjects were instructed to accelerate as fast as possible while remaining in the seated position and were strongly and similarly encouraged during all test sessions. The cycle was equipped with toe clips to prevent the subject’s feet from slipping. All sprints were accompanied by a countdown and were performed from the same foot-start position. The total force developed by the subject was calculated from both the force developed against the friction load (constant) and the force developed against inertia to accelerate the flywheel (calculated following the method of Martin et al. (17)). The velocity was recorded every 8° of pedal revolution by a photoelectric cell and a disk with alternating blind and clear portions. The power output was calculated by multiplying the velocity by the total force per pedal revolution. The data were collected by an acquisition card (DAQ-Pad 6020E, National Instruments) and analyzed by software developed in our laboratory with a LabVIEW interface (LabVIEW, National Instruments). Maximal power (Pmax), maximal force (Fmax) and maximal velocity (Vmax) were calculated from the pedal revolution with the highest power development, the highest force production and the fastest velocity, respectively. The Fmax is generally obtained at the start of the sprint, when the subject develops a high force in order to initiate the rotation of the flywheel from a standstill position (very low velocity), whereas the Vmax is generally obtained at the end of the sprint. Statistical analysis. Each variable was tested for normality using the skewness and kurtosis tests with acceptable Z values not exceeding ⫹1 or ⫺1. Once the assumption of normality was confirmed, parametric tests could be perMedicine & Science in Sports & Exercise姞
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TABLE 1. Percentage of variation in Tmusc, Trect, Pmax, Vmax, and Fmax with both time of day and the performance of an AWU. Tcentral Tcentral Tmusc Tmusc Pmax Fmax Vmax



(rest) (after warm-up) (rest) (after warm-up)



Afternoon vs Morning



AWU vs CC



⫹1.3% (P ⬍ 0.01) ⫹1.3% (P ⬍ 0.01) NS NS ⫹4.5% (P ⬍ 0.05) ⫹3.8% (P ⬍ 0.05) NS



NS ⫹0.8% (P ⬍ 0.01) NS ⫹4.8% (P ⬍ 0.01) ⫹3.7% (P ⬍ 0.05) NS ⫹3.1% (P ⬍ 0.05)



NS, not significant.



FIGURE 1—Mean values of central temperature (upper graph) and muscle temperature (bottom graph) at rest (Rest), at the end of the warm-ups (CC vs AWU) and during the test period (at 4, 9, 14, and 19 min). Downward arrow, cycling sprint test; solid line, afternoon values; dashed line, morning values; closed triangle, AWU condition; open diamond, CC.



formed. The effects of time of day, an AWU, and recovery time were verified by a three-way ANOVA with repeated measures (ANOVA 2R*2R*3R, time of day * warm-up procedure * sprint repetition). This analysis revealed the global effect of time of day, the global effect of the warm-up procedure, and the effect of the interaction between time of day and the warm-up procedure. Data are displayed as mean ⫾ SD and the statistical significance was set at P ⬍ 0.05.



RESULTS



not in CC. Consequently, Trect remained higher in the afternoon than in the morning throughout the experiment (P ⬍ 0.01) and was significantly higher during the cycling sprint in AWU than in CC (P ⬍ 0.01, Fig. 1). The estimated Tmusc failed to show a diurnal variation but was significantly higher during the cycling sprint in AWU than in CC (P ⬍ 0.01, Fig. 1). Muscular power parameters. The Pmax developed for the cycling sprint was significantly higher in the afternoon than in the morning and in AWU than in CC (P ⬍ 0.05, Fig. 2). There was no significant interaction between these two factors. Time of day significantly enhanced Fmax (P ⬍ 0.05), whereas AWU significantly enhanced Vmax (P ⬍ 0.05, Fig. 3). The Pmax, Fmax, and Vmax failed to be significantly influenced by the timing of the sprint repetition (sprints 1, 2, and 3 performed 5, 10, and 15 min after the end of the warm-up, respectively).



DISCUSSION The major finding of this study was a significant increase in muscular power both with time of day and with an active warm-up, with no interaction effect between these two factors. Our results showed that an AWU improves Pmax regardless of the diurnal increase in central temperature. Methodology. The times of testing were chosen with regard to the data of the literature. For example, Bernard et al. (4) showed that cycle sprint power was significantly higher at 6:00 p.m. than at 9:00 a.m. The cycling tests in the control condition were performed after 3 min of cycle ergometer exercise for several reasons.



The temperature values are displayed in Figure 1. The values of Pmax and both Fmax and Vmax are shown in Figures 2 and 3, respectively. Table 1 summarizes the variations observed in percentage of variation. Warm-up and temperature parameters. Warm-up was performed with a mean intensity of 50.4 ⫾ ˙ O2max. At this intensity, the mean 5% of the subjects’ V power developed for the AWU was 122 ⫾ 19 and 123 ⫾ 18 W in the morning and afternoon, respectively. The mean values of Trect temperature at rest were significantly lower in the morning than in the afternoon (36.7 ⫾ 0.2 vs 37.2 ⫾ 0.2°C, P ⬍ 0.01]. Furthermore, Trect increased from rest to the end of the warm-up in AWU (P ⬍ 0.01) but 2136
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FIGURE 2—Mean values of muscular power were improved both by time of day (afternoon values (solid line) vs morning values (dashed line), P < 0.05) and by the performance of an AWU (AWU condition (closed triangle) vs CC (open diamond), P < 0.05). http://www.acsm-msse.org



FIGURE 3—The maximal force developed during the cycling sprints (upper graph) was increased by time of day (afternoon values vs morning values, 
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