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ABSTRACT

Costa VP, De-Oliveira FR. Physiological variables to predict performance in cross-country mountain bike races. JEPonline 2008;11(6):14-24. Mountain bike (MTB) is a recent sport derived from cycling with little information about the athletes and races. The aim of this study was to identify the morph-physiological characteristics in Elite MTB athletes and the physiological variables associated in performance during Cross-country Olympic (XCO) races.  Six Elite mountain bikers (26.5 ± .6 years; 69.1 ± 2.1 kg; 174.0 ± 1.2 cm; 5.9±0.9 % body fat estimated; 9.0 ± 1.3 years of training) were included in this study. The participants were submitted to the Wingate test and an incremental progressive exercise. Then they were evaluated during the XCO World Cup and XCO Brazilian National Championship. The results indicate that riders presented similar morphologic characteristics to the international athletes. However, the sub-maximal and maximal power outputs are lower. The maximal power output (Wmax) relative to body mass was significantly associated with performance in two races. The power at second lactate threshold (WLL2) was only significantly correlated in XCO World Cup when normalized to exponent of mass 0.79. Therefore, the results of this study provide the support to the use of the Wmax and WLL2 in the physiological assessments of mountain bikers. Furthermore, the body size should be taken into account to evaluate off road cyclists. 
Key Words: Cycling, Off-Road Cycling, Maximal Oxygen Uptake, Power, Lactate. 
INTRODUCTION
The Cross-country Olympic (XCO) is a modality in mountain bike (MTB) racing with competitions generally performed over one day. This kind of competition is performed on off-road circuits consisting of a predetermined number of laps (frequently 5-7 laps for professional riders), where all participants start together in a mass group. Mountain bike races are held on various types of terrain and often include several hill climb sections. The physiological demands of professional off-road cycling races suggest that XCO races require the athlete to maintain a high exigency of aerobic power and capacity indicators such as maximal oxygen uptake (VO2max) and the lactate or ventilatory thresholds (LT and VT, respectively) for approximately 2 – 2 h 15 min (1,2,3,4). In addition, Dal Monte and Faina (4) reported elevated values in blood lactate during simulated competition suggesting a high participation of anaerobic metabolism. Indeed, Stapelfeldt et al. (3) reported that during XCO competitions the off-road cyclists attain elevated values in power output above their maximal aerobic power output (Wmax) during hard climbs. In addition, isometric contractions of the upper extremities are used extensively in shock absorption when riding technical trails (2). Therefore, it seems that mountain bikers need to develop both the power and capacity for aerobic systems to attain success during XCO races.
Over the years the scientific literature has primarily focused on the identification of physiological indices and the relationship with endurance performance (5,6,7,8,9,10). There is a consensus that these measures are used by researches and coaches to prescribe and/or control endurance training (4).  To understand which physiological variables are associated with XCO performance, Impellizzeri et al. (5) reported strong correlations between various measured parameters of aerobic fitness and performance in a heterogeneous group of competitive off-road cyclists, particularly when normalized to body mass. In a further study (6), these authors reported that the only physiological indices of aerobic fitness correlated with off-road cycling performance were power output and oxygen uptake at the second VT, mainly when normalized to body mass. Indeed, it was clear that the indicator of aerobic capacity when normalized to body mass presented significant association with XCO performance in both homo and heterogeneous group of athletes.
More recently, some authors suggesting that the participation of anaerobic systems and neuromuscular characteristics are important components to explain endurance performance (11, 12, 13). The previous studies on endurance performance in XCO races have just examined with the physiological aerobic parameters, no one has reported the relation with anaerobic indicators (5, 6). Therefore the aim of this study was to characterize the physiological variables in the top level of Brazilian mountain bikers and to verify the relationship between aerobic and anaerobic indicators with XCO endurance performance. 
METHODS


Subjects
Six Elite Brazilian mountain bikers collaborated voluntarily in our research in accordance with previous contact and signed an informed consent form prior to participation. This study was approved by the ethical committee of University of Santa Catarina State University (number: 017/05 - Florianópolis - Brazil). During the test period athletes were in the competitive phase of their season.


Procedures

Laboratory Data Collection

The athletes completed three different evaluations on the same day. First, the off-road cyclists reported to laboratory to have their anthropometric measures recorded to estimate the percentage of body fat (BF) according to Jackson and Pollock’s three site formula: pectoral, abdomen and quadriceps (14) and sum of the skinfolds (∑ SK). 

The athletes then completed a Wingate Test (WT) (15) carried out on mechanically braked cycle-ergometer (CEFISE(, 1800). The cycle-ergometer was adapted with specific pedals clippers and saddle for mountain bikers. The subjects had to stay seated on the saddle throughout the test. A 5-min warm-up period at the level of 1 kp at free rpm was performed before the test. During the warm-up the cyclists performed two bouts riding as fast as possible while the resistance was increased to 3-5 kp during 3-5 s. The subjects were given a 2-min rest before beginning the WT. The subjects had to overcome the inertial wheel in static position at the beginning of the test. The athletes were oriented to pedaling as fast as possible. The workload for the WT was fixed at 0.10 kp per kg body weight. The computerized WT program was used to record power output every second for the duration of the test. Mean power was calculated as the average of the power outputs during the thirty seconds. Peak power (PP) was defined as the highest 5-s power output during the 30-s test. The fatigue index (FI), defined as the percentage drop in power output from the highest to the lowest segment (PL) was determined by the follow equation:

FI (%): [(PP- PL)/PP] x 100

After a minimum interval of 30 min, the subjects completed a graded exercise test on their own mountain bike on a cycle-simulator (CompuTrainerTM RacerMate( 8000, Seattle WA), which was calibrated in accordance with the manufacturer’s recommended procedures. An 8-min warm-up period at the level of 70 W followed by 2-min of passive recovery was performed before the test. The test began at 100 W and intensity was increased 30 W every 3 min. until the end of the test. The participants were instructed to maintain a cadence between 90 – 110 rpm. The exercise test was finished voluntarily by the subject or when the minimum cadence could not be maintained (90 rpm). If the final stage of the exercise test was not completed, the Wmax was calculated using the equation of Kuipers et al. (16). 

Wmax = Wf + (t/180 x 30)

Where Wf was the last completed workload, and t is the time in seconds of the uncompleted workload. 

Heart rate was continuously recorded during the whole test with a heart rate monitor (Polar Vantage NV, Polar Electro OY, Finland). Gas exchange data was collected continuously using a pre-calibrated metabolic analyzer Aerosport KB1-C (Aerosport(, Inc., Ann Arbor, MI). During the last 30 s of each stage, capillary blood samples were obtained from the right ear lob of each subject and immediately analyzed using an electromagnetic technique (YSI( 1500 Sport, Yellow Springs Instruments, Yellow Springs, OH). The analyzer was calibrated in accordance with the manufacture’s recommended procedures. The lactate thresholds were identified in according with Berg’s methodology (17). Briefly, the first lactate threshold (LT1) was identified with workload that corresponds to the calculated minimum of the Lac.W-1 ratio of each subject. The second lactate threshold (LT2) was identified with workload that corresponds to 1.5 mmol.l-1 above LT1. The LT1 can be used as a measure of aerobic working capacity (18) and the LT2 has been shown to coincide with the maximal steady-state level of [La] derived from a threshold test (19). At the end of each stage, the subjects reported their perceived effort using 10 points Borg’s scale (20). 
Field Data Collection

All of the elite athletes were evaluated during two XCO competitions which were separated by 14 days: the first race was the 6th round of UCI World Cup XCO races and second was the Brazilian National Championship, respectively. The XCO races took place in July in 2005 and the environmental conditions were very different for each event. During the World Cup race the weather was sunny at a temperature of ~28o C and the relative air humidity of ~55%. In contrast, during the Brazilian National Championship the weather was cold and raining at a temperature of ~7o C and the relative air humidity of ~70% (Table 2).
During the XCO World Cup and Brazilian Championship, only the final rank positions were used as a performance indicator. We were forced to take this decision because there is a particular rule in XCO competitions from UCI. Briefly, any rider whose time being 80% slower of that of the race leader's first lap will be pulled out of the race. Lapped riders must complete the lap during which they were lapped. If that rule applies, the lapped riders will be listed in the results in the order in which they are pulled out of the race Therefore, only one Elite Brazilian’s athlete had completed the overall number laps definite by the UCI organization.  
Statistical Analyses

Descriptive statistics were calculated for all variables identified in the laboratory and field testing through SPSS software 11.5 for windows. The Kolmogorov-Smirnov test was applied to ensure a Gaussian distribution of the data. Then, to correlate the physiological parameters with endurance performance, Spearman Rank product moment correlation was used. For all analyses the level of statistical significance was established at an alpha level of p<0.05.

RESULTS


The characteristics of the XCO races revealed that courses present different elevation and distance. The information from the organization of the events shows that the XCO circuit in the Brazilian National Championship was shorter and the unevenness of the ground was less accentuated than World Cup. In spite of the circuit in the Brazilian Championship being shorter the total race distance was larger due a larger number of laps (Table 2).
The anaerobic and aerobic variables of the athletes are presented in Table 3, and the sub-maximal variables from the incremental exercise test are presented in Table 4. The Wmax normalized to body mass was significantly associated to XCO performance in both the World Cup and National Championship. The WLT2 normalized to mass exponent of 0.79 was significantly correlated with XCO performance only in the World Cup (Table 5). 
DISCUSSION
The aim of this study was to characterize the physiological variables in Elite Brazilian off-road cyclists and verify any relationship of anaerobic and aerobic variables with XCO endurance performance. The morphological characteristics of the athletes have indicated that body mass and %BF are similar to other mountain bikers (2,5,6). In addition, the morphologic conditions found in these athletes may represent information that can aid in endurance performance because the physiologic parameters are frequently normalized by alometric scale (21). Indeed, Impellizzeri et al. (5) presented the most important factors that could affect performance in XCO races are both indicators of aerobic power and capacity normalized by body mass. According to the authors, the strong associations found can be explained by repeated climbs present in XCO circuits. Lee et al. (22) compared the morph-physiological characteristics between road cyclists and mountain bikers. They found more significant differences in mountain bikers when the parameters were expressed relative to body mass. It is noted that body weight associated with reduced %BF represents an important adaptations for off-road cyclists that looking for success XCO races.    


To evaluate the anaerobic variables, Heller and Novotny (12) reported through WT that mountain bikers of the Kazakhstan National Team had similar values with the present study. In the same test, Machado et al. (23) found inferior values for PP and PM in Brazilian mountain bikers (815.6 144.1 and 697.9 102.3 W, respectively). However, in the last study the resistance used for WT execution was corresponding to 0.075 g.kg-1, and this value does not seem ideal for athletes. In contrast with the XCO riders, the down-hillers presented elevated scores in PP (1125.0 W and 17.7 W.kg-1) (4). It can be partly justified for the specificity of these modalities, it is speculated that the downhill proof presents different physiologic exigency rather than XCO. In general, downhill is an event that involves maximal effort and great skills for the mountain bikers in a short trail course during descents. In this regard, it is believed that there is greater utilization of anaerobic metabolism and would explain the higher values found in down-hillers.

In relation to aerobic variables, the appraised athletes present inferior values of Wmax in comparison with international literature. Lucia, Hoyos and Chicharro (24) suggested that professional cyclists reach lower Wmax in protocol with high load increment and duration of the stages. Lee et al. (22) used a protocol with increments of 50 W in each stage with 5 min duration to evaluate a group of professional Australian mountain bikers. They verified the Wmax approximately 413 ± 36 W. In contrast to our study the increments were 30 W every 3 min, and the Wmax was only 349.2 ( 19 W.  When the Wmax was normalized by alometric scaling it is observed that values are inferior to international riders. Wilber et al. (25) evaluated North American off-road cyclists and they found 5.9 ± 0.3 W.kg-1. Impellizzeri et al. (6) investigated Italian mountain bikers and the values are close to 6.4 ± 0.6 W.kg-1.  Besides the difference in employed methodologies, it is evident the discrepancy of Wmax in Brazilian athletes investigated here when compared with international off-road cyclists.

In spite of the inferior absolute and relative values of Wmax, the VO2max and VO2max.kg-1 are in agreement with professional off-road cyclists 4.6 to 5.1 l.min-1 and 66.5 to 78.3 ml.kg-1.min-1 (2, 5, 6). Besides methodological differences, the possible explanation for discrepancy in smallest load where VO2max is found can be related to differences in cycle-ergometers and may cause doubts on precision results. Earnest et al. (26) compared the cycle-simulator CompuTrainer TM (used in present study) with cycle-ergometer Lode Excalibur in amateur road cyclists. Briefly, the results indicate that cycle-simulator can underestimate (between to 30 and 45 W) the Wmax, WLT1, WLT2, and total time during the test. In addition, some authors believe that years of cycling training and the continuous participation in high level races could allow physiologic adaptations such as muscular efficiency and positively effect the distribution in Type I muscular fibers (27,28). However all the participants in our study were considered experienced (8.6 ± 4.6 years training). Therefore, we believe that the quality of training; the lack of participation in international competitions during the season, and methodological differences can explain the discrepancies in workload where VO2max is achieved.  

In relation to the [La]peak the off-road cyclists in our study reached higher values than the professional and elite road cyclists investigated by Lucia et al. (29) (10.9 ± 2.3 and 12.4 ± 2.8 vs 7.4 ± 1.5 and 9.4 ± 3.0 mmol.l-1, respectively). In a general way, it is suggested by Lucia et al. (29) that athletes that present larger aerobic aptitude tend to present smaller [La]peak. Recently, Costa et al. (30) found that mountain bikers reached significantly higher values in [La]peak after incremental exercise when compared to road cyclists. This result may suggest that the intermittent nature of XCO can promote larger demand and utilization of anaerobic metabolism during training and/or races. Indeed, Stapelfeldt et al. (3) used mobile dynamometers to quantify the intensity during XCO races. The results indicate that 42% of the race total time was disputed above WLT2. In addition, in the start, overtaking and short climbs, the athletes produce power output above Wmax reached in the laboratory (3). In this sense, it is speculated that XCO races in spite of be predominantly aerobic, requires high anaerobic power and capacity of the athletes. In agreement to our [La]peak result, Lucia et al. (31) found significant differences in the [La]peak in climbers and time trialists. The best climbers are known for their ability to rapidly switch from already demanding pace to high speeds during hill stages. Moreover some are able to perform repeated short bouts of maximum intensity exercise during ascends (31). Therefore, the possible explanations can be related partly with the increase in recruitment of fast contraction unit motors and buffer systems (31). 
The sub-maximal variables investigated are represented by lactate thresholds and frequently are referenced as indicators of aerobic capacity. In a general way, the obtained values in power output are inferior to professional off-road cyclists, however, the percentage where these thresholds are found are similar to Lee et al. (22). In addition, the values can be inferior to other studies due to methodological differences besides previous speculations in relation to Wmax and VO2max. For instance, Impellizzeri et al. (2) used OBLA as reference for the LT2, these results reveal higher values in power output and percentage of maximal. In another hand, Stapelfeldt et al. (4) as well as the present study used Berg’s methodology for the LT2 identification. In this sense, it is clear to see the discrepancy in references values of the sub-maximal variables.  High percentages values in LT2 can be interpreted as an ability of the cyclist in maintain high intensity during long periods without much blood lactate accumulation. 

The second aim of this study was to verify the association of physiological variables and XCO performance. In general, all absolute physiological variables investigated have non-significant association with endurance performance. However, the major finding was a significant correlation between Wmax normalized to body mass with XCO performance.

Previous studies in road cycling reported Wmax as an indicator of performance (32, 33). Bentley et al. (34) found that Wmax was correlated with average power output during a 90 min. time trial (r = 0.91; p< 0.01) and moderate association with 20 min. time trial (r = 0.54; p< 0.01). However, Balmer et al. (32) showed that Wmax has strong association with power output average during 16 km time trial (r = 0.99; p< 0.001). Indeed, other studies have presented similar results with Wmax and total time during 20 km (r = - 0.91) and 40 km time trial performance (r = - 0.87) respectively. (33, 35). Based on these studies it seems that Wmax is good predictor for cycling time trial performance in spite of different measures of performance. 

The significant correlations found between the absolute values of Wmax and cycling time trial performance can decrease when normalized by alometric scaling. Hawley and Noakes (33) reported that Wmax relative to body mass reduces the relationship with performance due to cyclist’s body mass. However, Swain (21) was probably the first to estimate the mass exponent of 0.32, associated with oxygen consumption when investigating the energy cost of cycling over flat ground. Time trials are usually held on flat ground where the heaviest cyclists present smaller body surface areas consequently, they are faster (21). In contrast to time trial, XCO circuits present several climbs with steep ascents where the reduced body mass is crucial because the athletes needs to over come gravity force (22). Similarly, the results found in the present study can confirm these speculations since Wmax relative to body mass is significantly associated with endurance performance in two XCO races.
Recently, Impellizzeri et al. (5) investigated the associations among several physiologic variables with performance during Italian XCO Championship. The VO2max; Wmax; LT1; and LT2 were significantly associated with performance (r = - 0.62 to - 0.94) and for all variables the relationships were heavier when normalized by alometric scalng. In a further study, Impellizzeri et al. (6) analyzed ventilatory variables with XCO performance in a homogeneous group of mountain bikers. The results have indicated that power output and oxygen uptake at respiratory compensation point, both normalized by body mass were significantly associated with XCO performance (r = - 0.61 and – 0.66; p <0.05).

The physiological variables that predict performance in our study are partly different from the investigations of Impellizzeri et al. (5, 6) because the only significant relation to performance was Wmax relative to body mass in both events and WLL2 relative to body mass (0.79) in XCO World Cup. The possible differences for the results are partially related with the own conditions found during the races. The XCO Brazilian National Championship was accomplished in a day with high index pluviometer that probably elevates the technical difficulty level in the circuit. In addition the strong rain can also increase the risk of mechanical problems in the bikes and the technical ability seems to be more decisive in homogeneous group than that of heterogeneous mountain bikers. In contrast, the XCO World Cup race was accomplished on dry ground without rain. Another limitation was the position of the athletes at the start line because in both competitions the better ranked mountain biker’s started in front and benefited in the single-tracks after race begin.  

CONCLUSIONS

The present study revealed the morphologic and physiological characteristics of a small group of Elite Brazilian mountain bikers. The Wmax relative to body mass was significantly associated with endurance performance in Brazilian National XCO Championship and XCO World Cup. The only one physiological variable that has significantly associated with performance in XCO World Cup was WLL2 relative to exponent of mass 0.79. Therefore, it was concluded that aerobic variables increase the discriminatory power when normalized by alometric scale. Like this, to obtain success in XCO races it is speculated that mountain bikers needs to develop physical qualities such as power and capacity of aerobic systems.


ACKNOWLEDGEMENTS

The authors would like to thank the cooperation of the mountain bikers and the Santa Catarina Cycling Federation. We also acknowledge Dr. Carl Paton for the English revision of the manuscript. 

Address for correspondence: Costa VP, PhD.,Laboratory of Morphological and Functional Research – University of Santa Catarina State. R. Pascoal Simone 358, Florianópolis, SC, 88080-350.  Phone: (48) 3348 9620; Email: costavp2@yahoo.com.br. 

REFERENCES
1. Union Cyclist International (UCI). The hub [online]. Avaiable in: URL:     http://www.uci.ch[Acessed in  01 Jun 2008].                        
2. Impellizzeri F, Sassi A, Rodriguez-Alonso M, Mognoni P, Marcora S. Exercise intensity during off-road cycling competitions. Med Sci Sports Exerc 2002;34:1808 1813.
3. Stapelfeldt B, Schwirtz A, Schumacher YO, Hillebrecht M. Workload demands in mountain bike racing. Int J Sports Med 2004;18:294-300.
4. Dal Monte A, Faina M. Valutazione Delli Atleta Torino, UTET, 1999: 631-645.
5. Impellizzeri FM, Rampinini E, Sassi A, Mognoni P, Marcora S. Physiological correlates to off-road cycling performance. J Sports Sci 2005a;23:41-47.
6. Impellizzeri FM, Marcora SM, Rampinini E, Mognoni P, Sassi A. Correlations between physiological variables and performance in high level cross country off road cyclists. Br J Sports Med 2005b Oct;39(10):747-51. 
7. Balmer J, Davison RC, Bird SR. Peak power predicts performance power during an outdoor 16.1 km cycling time trial. Med Sci Sports Exerc 2000;32:1485-1490,.
8. Hawley J A, Noakes TD. Peak power output predicts maximal oxygen uptake and performance time in trained cyclists. Eur J Appl Physiol n. 65, p. 79 – 83, 1992.
9. Bentley DJ, McNaughton LR, Thompson D, Vleck VE, Batterham AM. Peak power output, the lactate threshold, and time trial performance in cyclists. Med Sci Sports Exerc 2001 Dec;33(12):2077-81.
10. Bentley DJ, Wilson GJ, Davie AJ, Zhou S. Correlations between peak power output, muscular strength and cycling time trial performance in triathletes. J Sports Med Phys Fitness 1998 Sep;38(3):201-7.
11. Nummela AT, et al. Neuromuscular factors determining 5-km running performance and running economy in well-trained athletes. Eur J Appl Physiol 2006; 97: 1-8. 
12. Heller J, Novotný J. Aerobic and anaerobic capacity in elite mountain bikers. Acta Univ Carol Kinanthropol. 1997;33:1:61-68.
13. Baron R. Aerobic and anaerobic power characteristics of off-road cyclists. Med Sci Sports Exerc 2001;33:1387-1393.
14. Jackson AS, Pollock ML. Generalized equations for predicting body density of men. Br J Nutr 1978;40:497-504.
15. Bar-Or O. The Wingate anaerobic test. An update on methodology, reliability and validity. Sports Med 1987;4:381-94,. 
16. Kuipers H, Keizer HA, De Vries T, Van Rijthoven P, Wijts M. Comparison of heart rate as a noninvasive determinant of anaerobic threshold with the lactate threshold when cycling. Eur J App Physiol 1988;58:303-306.
17. Berg A, Jakob E, Lehmann M, Dickhuth HH, Huber G, Keul L. Aktuelle aspekte der modernen ergometrie. Pneumol 1990;44:2-13.
18. Lehmann M, Berg A, Kapp R, Wessinghage T, Keul J. Correlations Between laboratory testing and distance running performance in marathoners of similar performance ability. Int J Sports Med 1983;4:226-230.
19. Stockhausen W, Maier J, Tinsel J, Deus U, Lychatz S, Keul J. Lactate kinetic and performance testing in cycling. Stellenwert der Laktatbestimmung in der Leistungs diagonstik. In: Clasing D, Weicker H, Boning D (eds). Stuttgart, Jena, New York: Gustav Fisher, 1994: 71-79.
20. Borg GA. Psychophysical bases of perceived exertion. Med Sci Sports Exerc  1982;14:377-381.  
21. Swain DP. The influence of body mass in endurance bicycling. Med Sci Sports Exerc 1994;26:58-63.  
22. Lee H, Martin DT, Anson JM. Grundy D, Haun A.G. Physiological characteristics of successful mountain bikers and professional road cyclists. J Sports Sci 2002;20: 1001-8.
23. Machado CEP, Caputo F, Lucas RD, Denadai BS. Fatores fisiológicos e antropométricos associados com a performance em subida no ciclismo off-road. Rev Brasil Ciên Mov v. 10, n. 4, p. 35 - 40, 2002.
24. Lucia A, Hoyos J, Chicharro J. Physiology of professional road cycling. Sports Med 2001;31:325-337.
25. Wilber RL, Zawadzi KM, Kearney JT, Shannon MP, Disalvo D. Physiological profiles of elite off-road and road cyclists. Med Sci Sports Exerc 1997;29:1090-1094.

26. Earnest CP, Wharton RP, Church TS, Lucia A. Reliability of the lode excalibur sport ergometer and applicability to computrainer electromagnetically braked cycling training device. J Strength Cond Res 2005 May;19(2):344-8.
27. Coyle EF. Improved muscular efficiency displayed as Tour de France champion matures. J Appl Physiol 2005; 98:2191-2196,.
28. Faria EW, Parker DL, Faria IE. The science of cycling: Physiology and Training – Part 1. Sports Med 2005;35: 285-312,.
29. Lucía A, Pardo J, Durántez A, Hoyos J, Chicharro JL. Physiological differences between professional and elite road cyclists. Int J Sports Med 1998;19:342-348.
30. Costa VP, Carminatti LJ, Nakamura FY, De-Oliveira FR. Morph-physiological similarities between road cyclists and mountain bikers. Italian J Sports Sci 2007 (in press).
31. Lucia A, Hoyos J, Chicharro J. Physiological response to professional road cycling: climbers vs. time trialists. Int J Sports Med 2000;21:505-12.
32. Balmer J, Davison RC, Bird SR. Peak power predicts performance power during an outdoor 16.1 km cycling time trial. Med Sci Sports Exerc 2000;32:1485-1490,.
33. Hawley J A, Noakes TD. Peak power output predicts maximal oxygen uptake and performance time in trained cyclists. Eur J Appl Physiol n. 65, p. 79 – 83, 1992.
34. Bentley DJ, McNaughton LR, Thompson D, Vleck VE, Batterham AM. Peak power output, the lactate threshold, and time trial performance in cyclists.
Med Sci Sports Exerc 2001 Dec;33(12):2077-81.
35. Bentley DJ, Wilson GJ, Davie AJ, Zhou S. Correlations between peak power output, muscular strength and cycling time trial performance in triathletes. J Sports Med Phys Fitness 1998 Sep;38(3):201-7. 
.
.

Journal of Exercise Physiologyonline


(JEPonline)





Volume 11 Number 6 December 2008








�





Managing Editor


Tommy Boone, PhD, MPH 


Editor-in-Chief


Jon K. Linderman, PhD


Review Board


Todd Astorino, PhD


Julien Baker, PhD


Tommy Boone, PhD


Larry Birnbaum, PhD


Lance Dalleck, PhD


Dan Drury, DPE


Hermann Engals, PhD


Eric Goulet, PhD


Robert Gotshall, PhD


M. Knight-Maloney, PhD


Len Kravitz, PhD


James Laskin, PhD


Derek Marks, PhD


Cristine Mermier, PhD


Daryl Parker, PhD


Robert Robergs, PhD


Brent Ruby, PhD


Jason Siegler, PhD


Greg Tardie, PhD


Chantal Vella, PhD


Lesley White, PhD


Ben Zhou, PhD


	


Official Research Journal of the American Society of Exercise Physiologists (ASEP)





ISSN 1097-9751








Table 3. Anaerobic and aerobic laboratory tests.


Wingate Test�
Incremental Exercise Test�
�
PP (W)�
886.9 ( 66.7�
Wmax (W)�
349.2 ( 15.6�
�
PP.kg-1 (W.kg-1)�
12.8 ( 0.8�
Wmax.kg-1 (W.kg-1)�
5.1 ( 0.2�
�
PM (W)�
741.4 ( 39.6�
HRmax (bpm)�
187 ( 5�
�
PM.kg-1 (W.kg-1)�
10.7 ( 0.5�
VO2max (l.min-1)�
4.8 ( 0.2�
�
IF (%)�
36.3 ( 3.1�
VO2max.kg-1     (ml.kg-1.min-1)�
69.8 ( 3.5�
�
�
�
[La]peak (mmol.l-1)�
10.9 ( 2.3�
�
�
�
RPE�
8 ( 1�
�
PP = anaerobic peak power output; PM = power average; IF = fatigue index; Wmax = aerobic peak power output; HRmax = hear rate maximum; VO2max = maximum oxygen uptake; [La]peak = blood lactate peak; RPE = rating of perceived exertion; .kg-1 = relative to body mass





Table 4. Sub-maximal variables incremental exercise test.


�
Values�
Values (%)�
�
WLT1 (W)�
205 ( 16�
59 ( 6�
�
WLT2 (W)�
275 ( 15�
79 ( 3�
�
HRLT1 (bpm)�
131 ( 8�
70 ( 4�
�
HRLT2 (bpm)�
160 ( 8�
85 ( 4�
�
VO2LT1 (ml.kg-1.min-1)�
34.9 ( 7.5�
  50 ( 10�
�
VO2LT2 (ml.kg-1.min-1)�
51.0 ( 5.4�
73 ( 6�
�
W = power output; HR = heart rate; VO2 = oxygen uptake; LT1 = first lactate threshold;    LT2 = second lactate threshold








Table 5. Physiological variables correlate to performance during XCO Brazilian National Championship and World Cup.


Brazilian National Championship�
World Cup�
�
�
Absolute Values�
Values.kg-1�
Values.kg-0.79�
Absolute Values�
Values.kg-1�
Values.kg-0.79�
�
VO2max�
-0.45�
-0.50�
-0.70�
-0.45�
-0.30�
-0.60�
�
Wmax�
-0.09�
 -0.88*�
  -0.93**�
-0.09�
 -0.88*�
 -0.81*�
�
WLT1 �
  0.29�
 0.00�
 0.00�
-0.09�
-0.35�
-0.35�
�
WLT2 �
-0.09�
-0.32�
-0.37�
-0.43�
-0.78�
 -0.83*�
�
PP�
-0.03�
-0.03�
0.03�
-0.14�
-0.03�
-0.09�
�
PM�
-0.09�
-0.29�
-0.14�
 0.14�
-0.12�
-0.03�
�
FI�
0.23�
-�
-�
0.23�
-�
-�
�
* P < 0.05. ** P < 0.01. VO2max = maximum oxygen uptake; Wmax = aerobic peak power output; WLT1 = power output at first lactate threshold; WLT2 = power output at second lactate threshold; PP = anaerobic peak power output; PM = power output average; FI = fatigue index











Table 1. Subjects` characteristics (mean ± S.D).


Group�
Age (yr)�
Height (cm)�
Weight (kg)�
Body Fat Estimated (%)�
Sum of Skinfolds�
Years of Training�
�
E (n = 6)�
26.5 ± 3.6�
174.0 ± 1.2�
69.1 ± 2.1�
5.9 ± 0.9�
21.1 ± 1.9�
9.0 ± 1.3�
�






Table 2. Descritive characteristics of the XCO races.


�
Brazilian National Championship�
World Cup�
�
Distance (km)�
31.5 �
28.0�
�
Time (s)�
142.5 ± 4.5�
143.4 (n=1)�
�
Speed average (km.h-1)�
12.8 ± 0.8�
11.7 (n=1)�
�
Laps�
7�
5�
�
Temperature (oC)�
7�
28�
�
Air Humidity (%)�
70�
55�
�
HRpeak (bpm)�
192 ± 4�
195 ± 3�
�
HRaverage (bpm)�
172 ± 3�
175 ± 7�
�
%HRpeak�
89.6 ± 1.6�
89.7 ± 2.6�
�
HRpeak = heart rate peak; %HRpeak = percentage of the heart rate








