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Review Article
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ABSTRACT

Millet GP, Vleck VE, Bentley DJ. Physiological requirements in triathlon. J. Hum. Sport Exerc. Vol. 6, No. 2, pp.
184-204, 2011. This article aims to present the current knowledge on physiological requirements in Olympic
distance and Ironman triathlon. Showing the data available from a “traditional point of view” (aerobic power,
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INTRODUCTION

Exercise physiologists working with triathletes have to deal (1) with different exercise modes; (2) inter-
individual variations in swim, cycle and run training history that in turn influence athlete's training adaptations
and training profiles; (3) different genders and finally (4) different triathlon distances (in this article, we shall
focus only on Olympic distance OD vs. Long Distance LD).

‘Traditional’ viewpoint

Traditionally (Burnley & Jones, 2007; Coyle, 1995; di Prampero, Atchou, Bruckner, Moia, 1986; Joyner &
Coyle, 2008), endurance performance is thought to be mainly determined by the following factors: maximal
oxygen consumption (VOxmax); lactate/ventilatory threshold (LT/VT) and economy/efficiency (Figure 1)
together with — depending on the distance and the authors —anaerobic capacity (AC) or critical power (CP).
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Figure 1. Overall schematic of the multiple ‘traditional’ physiological factors that interact as determinants of
performance velocity or power output (Coyle, 1995).

It is of interest to note that only the two first of these factors (VO.max and LT/VT) have been extensively
investigated in triathletes.

“Performance VO;” (i.e. how long a given rate of aerobic and anaerobic metabolism can be sustained) is
determined by the interaction between VO.max and lactate threshold (LT), whereas efficiency determines how
much speed or power (i.e. “performance velocity”) can be achieved for a given amount of energy consumption
(Joyner & Coyle, 2008). However, these physiological variables measured in either cycling and running may
adapt indifferently as a consequence of cross training in cycling and running (Loy, Hoffmann, Holland, 1995;
Tanaka, 1994, Sleivert & Rowlands, 1996; Pechar, McArdle, Katch, Magel, DeLuca, 1974; Withers, Sherman,
Miller, Costill, 1981; Fernhall & Kohrt, 1990; Basset & Boulay, 2000; Hue, Le Gallais, Chollet, Prefaut, 2000;
Schneider, Lacroix, Atkinson, Troped, Pollack, 1990; Millet, Dreano, Bentley, 2003; Kreider, 1988): -cross
training being defined as ‘combined alternative training modes within a sport specific regime’. It is also
possible that the results of such physiological tests in cycling and running may be influenced by the athlete’s
original training background. By comparing physiological variables as maximal oxygen consumption
(VOzmax), anaerobic threshold (AT), heart rate, economy or delta efficiency measured in cycling and running
in triathletes, we aimed to identify the effects of exercise mode on, and whether triathletes competing in OD vs
LD events differ as regards, physiological profile.
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‘Contemporary’ viewpoint

Recently (Burnley & Jones, 2007), it has been suggested that “these ftraditional’ parameters are important
because they determine the character of, and place constraints upon, the kinetics of V O during exercise. ...
We suggest that only by appreciating how the ‘traditional’ parameters of physiological function interact with the
kinetics of V Oz can the physiological determinants of athletic performance be truly understood”.

This ‘contemporary’ viewpoint (Burnley & Jones, 2007) claims that the characteristics of the VO, kinetics
(Tschakovsky & Hughson,1999) that describe the time course of VO, at onset of exercise (or to a larger extent
during any increase in intensity)- determine the ‘intensity domains’ (Figure 2) and therefore the rate of changes
(accumulation / storage / utilisation) in the ‘traditionally’-described limiting factors of performance (Figure 3).
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Figure 2. The ‘intensity domains’ (Burnley & Jones, 2007).
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It is surprising that there are very few studies describing or comparing VO kinetics in triathletes.

1. TRAINING CHARACTERISTICS OF LD VS OD TRIATHLETES

Given the different race intensity and durations of OD and LD racing, and the fact that athletes increasingly
tend to specialise in one or the other competition, it is logical that significant training (and therefore,
physiological) differences, should exist between type of the two groups. Surprisingly, however, little
examination of the way that LD vs. OD triathletes train has been carried out. Table 1 (overleaf) summarises
the results of the only comparative study that exists to date (Vleck et al., 2009; Vleck, 2010).

Essentially, OD athletes spend less time per week than LD athletes doing ‘long run’ (p<0.05 for both genders)
and ‘long bike’ sessions (p<0.05, for females only). The length of individual such sessions is also less in OD
than LD athletes in (p<0.05). Squad OD athletes also do more speed work cycle and less long run sessions
per week (both p<0.05). Less elite OD athletes do back to back cycle run training than LD athletes (p<0.05).

Table 1. Training characteristics of British (1994) National Squad triathletes during a typical race training week

without taper.
Elite male | Sub-elite Elite male | Elite OD Sub-elite Female
OD male OD IR female OD female | IR elite
< = | Long bike 1.1+1.3 1.2+1.1 1.5+1.5 1.5+£0.6 14£1.6 23£13
¢ £ | Hill repbikes [ 0305 [02+04 0.3£0.5 12+1.1° [06+05 [05+1.0
g Speed work 1.5+1.0 21+1.0 1.5+£1.0 21+1.0 1.0+ 0.6 0.5+0.6
o, | bike
& | Other bike 1.1£ 1.3 1.1+ 1.1 1.5+1.5 0.5+0.6 14+£1.6 23+£13
£. | Long run 07405 [07+05° [1.0£07° [08+05 [0.7+05 [0.8+0.5
E Hill rep run 03+0.5 03+04 0.3+0.6 0.25+0.5 0.0 0.5+ 0.58
& | Speed work 1.2+0.8 1.5+1.2 1.1+£0.5 1.0+£0.0 1.6£0.8 1.0+£0.0
run
Other run 20+20 |22+13 22+1.7 1.0+ 0.0 14+0.8 1.5+£0.6
| Long bike 3.2+2.6 3.1+2.7 4.7+1.8 245+1.4° |225+1.8 |58+1.7°
g Hill rep bike | 0.3 +0.7 0.1+0.4 0.8+0.9 0.7+0.8 0.0 0.0
= | Speed work 1.2+0.7 1.3+£1.0 1.1+£0.8 145+£1.0 |595+£10.7 [1.0£0.8
2 | bike
é Other bike 1.6+1.6 14+1.7 24+3.0 0.9+0.9 1.5£04 26%1.0
~ | Long run 13+1.0° [04+06° |[1.6+0.7 0.7+ 0.6 02+03" [22+03°
Hillreprun | 0.4+0.5 02£0.3 0.8+0.9 02+0.5 0.0 0.5+0.6
Speed work | 0.8 +£0.6 1.0+1.0 0.9+0.7 0.8+0.6 1.13+1.0 |0.87+0.1
run
Other run 1.2+0.9 1.0+1.3 0.5+0.4" 0.6+0.6 1.5£0.6 1.3+0.6
o | Long bike 105.0 + 80.5+52.5 | 52+73.5 68.5+£29.3 | 86.2£43.0 | 1160+
%’ 75.7 31.8
5 Hill rep bike - - 8.0+11.3 11.8+17.8 | 16.6+£19.3 0.0
~ | Speed work | 49.5 47.7+333 [28.0£17.0 | 16.0+17.0 | 29.0+21.5 |8.0£13.9
§ | bike 24.6
Other bike 54.1+ 53.8+78.2 0 36.9+348 | 24.1£332 [243+
83.6 24.0
Long run 16.8 + 109+11.5 | 12.0£17.0 | 12.0+7.0 149+65 |[20.1£64
15.1
Hill rep run 5.6+7.8° [2.5+4. 0.0° 25142 1.5+4.2 1.0+1.7
Speed work | 6.5+6.3 9.8+8.1 83+109 |8.6+9.1 7.7+£5.0 92+6.0
run
Other run - 103+7.1 24.6+£19.0 | 174£155 |4.6+5.6 7.3£48
Abbreviations: 'OD' Olympic distance, 'IR' Ironman distance
® o * " *or ® significantly different value (p<0.02) from group marked with same symbol.
, ", *, or @ significantly different value (p<0.05) from group marked with same symbol.
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Data on weekly training volume in hours (Table 2) or mileage (Table 3), that are differentiated by competitive
distance, ability level and or gender, are scarce. Retrospective studies investigating whether training content
has increasingly diverged between OD and LD triathletes, since the 1980’s, would be of interest and
potentially allow for better understanding of the extent to which the sport has changed over the past 30 years.

Table 2. Weekly training time (h).

N Sex Abilty Dist. T°t&'§“’k Swimwk  Cyclewk  Runiwk Reference(s)
Millet et al., 2002; Chatard et al.,
2 M 174 56 63 37 1998: Vieck etal.. 2010
Elte Short Millet et al., 2002; Vleck et al
illet et al., : Vleck et al.,
2 F 134 37 66 30 2010; Laurenson et al., 1993
Caillaud et al., 1995 ; Delextrat et
al., 2003
46 M 14.0 4.04 49 2.7 Vieck et al. 2010 T tal
eck etal., : Toraaetal.,
Comp Short 1999
20 F 75 43 8.2 20 Vleck et al., 2010; Laurenson et
al., 1993
60 Comp 1853  34+14 83428 ket s
M
12 Elite Long 195+76 6.1+45 8.8+45 39+17  Vlecketal, 2010
Farber et al., 1987; Leake &
25 - Comp 14.52 3.20+1.78 570+1.93 Carter, 1991
7 Elte 185525 4206 3809 10323 ooeta 2010 Whyteetal,

Table 3. Triathlon training distance (km).

N Sex Level Dist. Total/wk Swim/wk Cycle/wk Run/wk Reference(s)

Millet et al., 2002; Vleck et al., 2010;
Chapman et al., 2008; Chollet et al., 2000;
Hue et al., 2000; Schneider et al., 1990;
Schneider & Pollack, 1991

Vleck et al., 2010; Hue et al., 2000; Bernard
M et al., 2003; Boussana et al., 2000;
Boussana et al., 2001; De Vito et al., 1995;
Deitrick, 1991; Delextrat et al., 2003;

45 E - 13.67 255.82 38.99

121 Y Short 191 120 2011 430 Hausswirth et al., 1997; Hausswirth et al.,
2001; Hausswirth et al., 2000; Hue et al.,
1998; Rowbottom et al., 1997; Vercruyssen
et al., 2005; Vleck & Garbutt, 1998

20 E 187 8469 4 122 180.4 546 Millet et al., 2002; Vleck et al., 2010;

. Laurenson et al., 1993

Vleck et al., 2010; Laurenson et al., 1993;

33 C 194.4+43.2 9.5 74.32 27.78 Danner & Plowman, 1995

22 E 200.7+£136.7 16.4 178.9 186.2 Vleck et al., 2010; Holly et al., 1986

97 M C 10.2 326.8 58.7 Holly et al., 1986; Sagnol et al., 1990

Long
7 F E 196.9467.3 11.0+£3.0 148.3+61.7 37.5%+112.3 Vlecketal., 2010
26 F C 9.8 3534 724 Holly et al., 1986; Massimino et al., 1998

Key: M male F female E Elite C Competitive L low
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2. MAXIMAL AEROBIC POWER AND THE ANAEROBIC THRESHOLD IN OD AND LD TRIATHLETES

2.1 Maximal aerobic power

Table 4 shows the studies that have reported maximal oxygen uptake and peak work load or power for cycling
and running in triathletes (Basset & Boulay, 2000; Hue, Le Gallais, Chollet, Prefaut, 2000; Schneider, Lacroix,
Atkinson, Troped, Pollack, 1990; Kreider, 1988, Hue, Le Gallais, Chollet, Boussana, Prefaut, 1998;
Vercruyssen, Suriano, Bishop, Hausswirth, Brisswalter, 2005; Albrecht, Foster, Dickinson, 1986; Kohrt,
Morgan, Bates, Skinner, 1987; O'Toole, Hiller, Crosby, Douglas, 1987; O'Toole, Hiller, Douglas, 1987,
Roalstad, 1989; Flynn, Costill, Kirwan, Fink, Dengel, 1987; Kreider, Boone, Thompson, Burkes, Cortes, 1988;
Loftin, Warren, Zingraf, Brandon, Skudlt, 1988; Dengel, Flynn, Costill, Kirwan, 1989; Stein, Hoyt, Toole,
Leskiw, Schiuter, Wolfe, et al., 1988; Kohrt, O'Connor, Skinner, 1989; Millard-Stafford, Sparling, Rosskopf,
Hinson, DiCarlo, 1990; Rehrer, Brouns, Beckers, ten Hoor, Saris, 1990; Butts, Henry, McLean, 1991; Deitrick,
1991; Medelli, Maingourd, Bouferrache, Bach, Freville, Libert, 1993; Sleivert & Wenger, 1993; Miura & Ishiko,
1993; Murdoch, Bazzarre, Snider, Goldfarb, 1993; Miura, Kitagawa, Ishiko, Matsui, 1994; Zhou, Robson,
King, Davie, 1997; Roberts & McElligott, 1995; Ruby, Robergs, Leadbetter, Mermier, Chick, Stark, 1996; Kerr,
Trappe, Starling, Trappe, 1998; Derman, Hawley, Noakes, Dennis, 1996; Miura, Kitagawa, Ishiko, 1997; Hue,
Le Gallais, Boussana, Chollet, Prefaut, 1999; Miura, Kitagawa, Ishiko, 1999; Schabort, Killian, St Clair Gibson,
Hawley, Noakes, 2000; Hue, Le Gallais, Boussana, Chollet, Prefaut, 2000; Toraa & Friemel, 2000; Hue, Le
Gallais, Boussana, Galy, Chamari, Mercier, et al., 2000; Hue, Le Gallais, Prefaut, 2001; Hue, Galy, Le Gallais,
Prefaut, 2001; Vercruyssen, Brisswalter, Hausswirth, Bernard, Bernard, Vallier, 2002; Basset & Boulay, 2003).

Kohrt et al. (1987) and O’'Toole et al. (1987) were among the first groups of researchers to compare VO,max
of triathletes measured in both cycle ergometry and treadmill running. In 13 LD triathletes, they found that
VO,max was significantly lower in cycle ergometry as compared with treadmill running (57.9 + 5.7 vs. 60.5 +
5.6 ml-kg-"*min-'). In contrast, O'Toole et al. (1987) reported similar VO,max values for treadmill running and
cycling. Therefore, the data were inconclusive as regards differences in VO,max between cycling and running
in triathletes. Although said data were obtained during the ‘early ages’ of LD triathlon, however, they still
appear to be valid.

Similarly, it seems that OD triathletes exhibit similar values for VO.max in cycling and running (Hue, Le
Gallais, Chollet, Prefaut, 2000; Sleivert & Wenger, 1993; Zhou, Robson, King, Davie, 1997). In another study,
Miura et al. (1999) examined two groups of triathletes whom they characterised as ‘superior’ or ‘slower’ level.
They found no significant difference in VO,max in cycling and running in both groups. Therefore, any
differences in VOmax between exercise modes may not be due to ability level. However, Schabort et al.
(2000) found VOzmax to be significantly higher in treadmill running than cycle ergometry (68.9 + 7.4 vs. 65.6 +
6.3 ml-kg!:min-) in national level triathletes. Most studies have also shown that VO,max is similar (i.e. with
less than a 7% difference, or approximately the 5 ml-kg-'-min-' of estimated methodological error that occurs
during measurement of VO,max) in cycling and running for triathletes over a wide range of competitive levels
(Hue, Le Gallais, Chollet, Prefaut, 2000; Dengel, Flynn, Costill, Kirwan, 1989; Medelli, Maingourd,
Bouferrache, Bach, Freville, Libert, 1993; Sleivert & Wenger, 1993; Zhou, Robson, King, Davie, 1997; Miura,
Kitagawa, Ishiko, 1997).

A schematic of the differences in VO,max between cycling and running in triathletes is provided below (Figure
4). It emphasises that multi-sport training induces a profile that is intermediate to that of runners or cyclists.
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Figure 4. Differences between running and cycling: V Oamax.

2.2 Anaerobic threshold

Despite the fact that controversy still exists regarding the validity of the AT, a number of authors in the field of
triathlon research have extended on initial studies by comparing both VO,max and a measure of the AT in
cycling and running in triathletes (Hue, Le Gallais, Chollet, Prefaut, 2000; Schneider, Lacroix, Atkinson,
Troped, Pollack, 1990; Sleivert & Wenger, 1993; Schneider & Pollack, 1991; O'Toole & Douglas, 1995). Table
5 shows the ventilatory or anaerobic threshold data in cycling and running in OD and LD triathletes (Withers,
Sherman, Miller, Costill, 1981; Hue, Le Gallais, Chollet, Prefaut, 2000; Schneider, Lacroix, Atkinson, Troped,
Pollack, 1990; Bernard, Vercruyssen, Grego, Hausswirth, Lepers, Vallier et al., 2003; Hue, Le Gallais, Chollet,
Boussana, Prefaut, 1998; Vercruyssen, Suriano, Bishop, Hausswirth, Brisswalter, 2005; Albrecht, Foster,
Dickinson, 1986; Sleivert & Wenger, 1993; Zhou, Robson, King, Davie, 1997; Roberts & McElligott, 1995;
Miura, Kitagawa, Ishiko, 1999; Vercruyssen, Brisswalter, Hausswirth, Bernard, Bernard, Vallier, 2002;
Schneider & Pollack, 1991; Davis, Vodak, Wilmore, Vodak, Kurtz, 1976; Jacobs & Sjodin, 1985; Miura,
Kitagawa, Ishiko, 1994; Moreira-da-Costa, Russo, Picarro, Silva, Leite-de-Barros-Neto, Tarasantchi et al.,
1984; De Vito, Bernardi, Sproviero, Figura, 1995; Billat, Mille-Hamard, Petit, Koralsztein, 1999; Galy, Hue,
Boussana, Peyreigne, Couret, Le Gallais et al., 2003; Millet & Bentley, 2004).

Kohrt et al. (1989) conducted a 6 to 8 month longitudinal investigation of 14 moderately trained LD triathletes.
The researchers quantified VO,max and the LT in both cycling and running. VO.max remained relatively
constant in both cycling and running until the latter stages of the training period, possibly reflecting an increase
in training intensity at that time. However, VO,max together with the LT in cycling was consistently lower than
that obtained for treadmill running. This suggests that the subjects’ training background was more extensive in
cycling than running. This study also indicates that the nature of training in either exercise mode may influence
adaptation in cycling or running. In a more recent longitudinal study (Galy, Manetta, Coste, Maimoun,
Chamari, Hue, 2003) taking over one season in trained OD triathletes, the relative stability of VO.max and the
larger change in VT under the influence of specific training was confirmed. However, Albrecht et al. (1986)
found no difference between the VT (expressed as % VO,max) obtained in cycling (78.8%) or running
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(79.3%). In accordance with this, Kreider (1988) showed no significant difference in the VT in triathletes
completing incremental tests in cycling and treadmill running.

Interestingly, the latter authors found that the exercise intensity sustained during the cycle and running stages
of a OD triathlon was similar. In single sport endurance competitions it is generally thought that the AT reflects
the ability to sustain a set percentage of maximum capacity (Bassett & Howle, 2000). Kreider's data (2000),
collected for a triathlon event, imply otherwise. Despite the VT of the athletes occurring at a different exercise
intensity within isolated incremental running and cycling tests (90 vs. 85% of VO,max), the exercise intensity
that they sustained during a race was similar for both exercise modes. However, De Vito et al. (1992) showed
the VT in running to be lower after prior cycle exercise in OD triathlon. These results and those reported by
Zhou et al. (1997) suggest that the cycle stage of a OD triathlon influences the ability to sustain a set
percentage of maximal capacity during the subsequent running stage.

Miura et al. (1999) also reported VT measured in cycling and running to be similar, in absolute terms, in two
groups of triathletes who varied in OD triathlon race time. Schneider et al. (1990) was able to confirm these
findings and found that whilst VO.max was significantly higher in running when compared with cycle exercise
(75.4 £ 7.3 vs. 70.3 £ 6.0 ml-kg'-min-'), the VT was not significantly different between cycling and running
when expressed as an absolute VO value but did differ relative to VO,max (66.8 + 3.7 vs. 71.9 + 6.6%).

2.3 Heart rate

In triathletes, the maximal heart rate (HRmax) observed in cycling is often lower by 6-10 b-min-! than that
obtained during running (Hue, Le Gallais, Chollet, Boussana, Prefaut, 1998; Kohrt, O'Connor, Skinner, 1989;
Hue, Le Gallais, Boussana, Chollet, Prefaut, 1999; Roecker, Striegel, Dickhuth, 2003). Longitudinal
investigations have demonstrated HRmax to remain relatively stable over the course of a season (Galy,
Manetta, Coste, Maimoun, Chamari, Hue, 2003), with higher values (~5 b-min-') observed in running than in
cycling (Kohrt, O'Connor, Skinner, 1989). In contrast, there is also evidence suggesting that HRmax is similar
between cycling and running modes (Kohrt, Morgan, Bates, Skinner, 1987; Medelli, Maingourd, Bouferrache,
Bach, Freville, Libert, 1993; Zhou, Robson, King, Davie, 1997; Basset & Boulay, 2003; Bassett & Howley,
2000). Although this appears to hold for males, differences were observed for this variable in females by some
authors (O'Toole, Hiller, Douglas, 1987). Schneider and Pollack (1991), however, found no such significant
differences between cycling and running HRmax in elite female triathletes.

The HR corresponding to the AT is used to prescribe submaximal exercise training loads (O'Toole, Douglas,
Hiller, 1998; Gilman, 1996). The data concerning triathletes indicate that the HR corresponding to certain
inflection points associated with the AT is always higher in running than cycling, both when expressed in
absolute terms and relative to HRmax (Schneider, Lacroix, Atkinson, Troped, Pollack, 1990; Hue, Le Gallais,
Chollet, Boussana, Prefaut, 1998; Zhou, Robson, King, Davie, 1997; Hue, Le Gallais, Boussana, Chollet,
Prefaut, 1997; Schneider & Pollack, 1991; Roecker, Striegel, Dickhuth, 2003). Schneider et al. (1990) reported
a significant difference in the HR corresponding to the VT in cycling and running (145.0 £ 9.0 vs. 156.0 £ 8.0)
in ‘highly trained’ triathletes. This corresponded to 80.9 + 3.4 vs. 85.4 + 4.1% HRmax. In another study by the
same research group and conducted on elite female triathletes (Schneider & Pollack, 1991), a higher HR was
recorded at the VT in running than in cycling (164.7 + 4.0 vs. 148.2 + 3.4) and this difference was also evident
when HR was expressed as a % of HRmax (87.3 £ 1.6 vs. 79.7 £ 1.5%). Similarly, Roecker et al. (2003) found
a difference of 20 b-min-* between HR determined at the LT on cycling ergometer (149.9 + 18.0 b-min-') and
treadmill (169.6 £ 15.7 b-min'). However, recreational subjects (-22 b-min') and cyclists (-14 b-min-)
exhibited lower differences than triathletes and runners. Additionally, the differences were not influenced by
gender.

There is some evidence that HR may not differ between cycling and running. Basset and Boulay (2000) have
reported that the relationship between HR and % VOzmax did not differ when calculated either from a treadmill
or from a cycle ergometer test. These authors showed also that HR was similar between running and cycle
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ergometer tests throughout the training year and concluded that triathletes could use a single mode of testing
for prescribing their training HR in running and cycling throughout the year (Basset & Boulay, 2003).

Zhou et al. (1997) showed that the HR corresponding to the VT was significantly higher in running (174.6 +
4.5) as compared with cycling (166.4 £ 7.6). However these authors found that the HR measured in a OD
triathlon race was similar to the HR at the VT in cycling but much lower in running. Other studies have also
shown a decrease in the HRmax and the HR corresponding to the VT during an incremental running test
performed after submaximal cycling (Hue, Le Gallais, Boussana, Chollet, Prefaut, 2000). Hue et al. (1998)
have also demonstrated that the HR during a 10 km run after 40 km of cycling is higher when compared with
the same run without cycling. Therefore, even though the HR corresponding to the AT or HRmax may be similar
in running compared with cycling (in exercise tests performed in isolation), the HR corresponding to the AT
determined from an incremental running test may be different to that observed in a race situation, especially in
running. At elite level, due to the stochastic pace, there is no demand to control the exercise intensity for the
run in OD triathlon via HR. Within LD triathlon, the potential use of HR for controlling the running pace might
be of interest, at least at the beginning of the marathon. However, to our knowledge there is no published
protocol for determining HR for this purpose. Furthermore, the effect of prior cycling on HR during running
should be considered when prescribing HR during running training on its own.

2.4 Running economy

Running economy can be defined by the VO3 (in ml Oz-kg-"‘min-') of running at a certain speed, and is usually
expressed by the energy cost (EC) of running a distance of one km (in ml-kg--km-") calculated as VO, divided
by the velocity. EC has been reported in triathletes within both the conditions of isolated running and ‘triathlon
running’ (Millet, Dreano, Bentley, 2003; Hue, Le Gallais, Chollet, Boussana, Prefaut, 1998; Kreider, Boone,
Thompson, Burkes, Cortes, 1988; Dengel, Flynn, Costill, Kirwan, 1989; Millet & Bentley, 2004; Hausswirth,
Bigard, Berthelot, Thomaidis, Guezennec, 1996; Hausswirth, Bigard, Guezennec, 1997; Hausswirth,
Brisswalter, Vallier, Smith, Lepers, 2000; Hausswirth & Lehenaff, 2001; Guezennec, Vallier, Bigard, Durey,
1996; Millet, Millet, Hofmann, Candau, 2000; Boone & Kreider, 1986). It is generally reported that in trained
OD triathletes, EC measured at the end of the event is higher by ~10% when compared to isolated run; e.g.
224 vs. 204 ml-kg-"-km-! (Guezennec, Vallier, Bigard, Durey, 1996); 224 vs. 207 ml-kg-"-km-! (Hausswirth,
Bigard, Berthelot, Thomaidis, Guezennec, 1996). It has also been reported that the extent of any change in EC
subsequent to an exhaustive cycling bout is influenced by athlete performance level, event distance, gender,
and age. The effect of a fatiguing cycling bout on the subsequent running energy cost was different between
elite (-3.7 £ 4.8%, when compared to an isolated run) and middle-level (2.3 + 4.6%) triathletes (Millet, Millet,
Hofmann, Candau, 2000). Elite LD triathletes had slightly (but not significantly) lower EC than OD triathletes
(163.8 vs. 172.9 and 163.0 vs. 177.4 ml-kg-'-km-" during an isolated and a ‘triathlon’ run, respectively) (Millet,
Dreano, Bentley, 2003). Surprisingly, no difference has been observed in EC between elite junior and senior
triathletes, whether male or female, during an isolated run and a ‘triathlon’ run (173-185 ml-kg-"-km-1) (Millet &
Bentley, 2004). However, the increase in EC subsequent to cycling was higher in juniors than in seniors in
females (5.8 vs. -1.6%), but not in males (3.1 vs. 2.6%) (Millet & Bentley, 2004).

The mechanisms underlying the deterioration in economy in the ‘triathlon run’ when compared to isolated run
are various: both reported changes in the ventilatory pattern (Hue, Le Gallais, Boussana, Chollet, Prefaut,
1999) leading to a higher VO, of the respiratory muscles (Millet, Millet, Hofmann, Candau, 2000; Millet &
Vleck, 2000), and neuromuscular alterations reducing the efficiency of the stretch-shortening-cycle
(Hausswirth, Brisswalter, Vallier, Smith, Lepers, 2000; Millet, Millet, Hofmann, Candau, 2000; Millet, Millet,
Candau, 2001) have been proposed. Some metabolic factors such as shift in circulating fluids, hypovolaemia
and increase in body temperature have also been suggested (Hausswirth, Bigard, Berthelot, Thomaidis,
Guezennec, 1996; Hausswirth & Lehenaff, 2001); Guezennec, Vallier, Bigard, Durey, 1996) Of interest are the
studies of Hausswirth et al. (1997, 2000, 2001), comparing EC at the end of OD triathlon and at the end of a
marathon of similar duration: EC was more increased during marathon (+11.7%) than during OD triathlon
(+3.2%) running when compared to an 45-min isolated run. The differences are due mainly to higher decrease
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in body weight related to fluid losses, a larger increase in core temperature during the long run and significant
mechanical alterations during the long run when compared to the running part of a triathlon.

Interestingly, recent values of EC in World-level distance runners have been reported (Jones, 2006; Lucia,
Esteve-Lanao, Olivan, Gomez-Gallego, San Juan, Santiago, et al., 2006; Lucia, Olivan, Bravo, Gonzalez-
Freire, Foster, 2007). Jones (2006) showed a continuous decrease in EC of Paula Radcliffe, the current world
record holder for the Women’s marathon between 1992 (~205 ml-kg-"-km-") and 2003 (~175 ml-kg-"-km-")
corresponding to a 15% improvement whereas VO,max (~70 ml-kg-'-km-') and body mass (~54 kg) remained
unchanged over the period. Jones reported also that Radcliffe’'s EC was more recently measured at 165
ml-kg-'-km-". Billat et al. (2003, 2001) reported higher values in elite female Portuguese and French (196 + 17
ml-kg-"-km-") (Billat, Demarle, Slawinski, Paiva, Koralsztein, 2001) or Kenyan (208 £ 17 ml-kg-'-km-") (Billat,
Lepretre, Heugas, Laurence, Salim, Koralsztein, 2003) distance runners. Overall, this compares favourably
with values obtained for elite female triathletes: Millet and Bentley (2004) reported, for nine elite females
(including one LD world champion, second at the Hawaii Ironman and five European medallists) an average
value of 176.4 ml-kg-"-km-1, whereas the average VO,max was 61.0 ml-kg-"-km-1 for a body mass of 60.3 kg.

In males, Lucia et al. (2006, 2007) reported a value of 150-153 ml-kg'-km-! in Zersenay Tadese, the current
long cross-country and half-marathon World champion for a VO,max of 83 ml--min-"-kg-!. The EC of Tadese
is lower (the lowest reported so far) than previously reported values in elite runners: 180 ml-kg-'-km-" for
Steve Scott (1984); 203-214 ml-kg-"-km-" in elite French and Portuguese (Billat, Demarle, Slawinski, Paiva,
Koralsztein, 2001) or Kenyan (Billat, Lepretre, Heugas, Laurence, Salim, Koralsztein, 2003) runners; ~190-192
ml-kg-"-km-" in Elite East-African runners (Lucia, Esteve-Lanao, Olivan, Gomez-Gallego, San Juan, Santiago,
et al., 2006; Saltin, Larsen, Terrados, Bangsbo, Bak, Kim, et al., 1995); ~211 ml-kg-"-km-" in Elite Spanish
runners (Lucia, Esteve-Lanao, Olivan, Gomez-Gallego, San Juan, Santiago, et al., 2006). So, similarly to
females, with the exception of Tadese, running economy in male distance runners does not appear to be
better than the ones reported in elite triathletes: 174+ 9 and 164 + 8 ml-kg-"-km-* for OD and LD triathletes,
respectively (Millet, Dreano, Bentley, 2003). However further investigation with Elite LD triathletes is required
to confirm these results. Overall, from these data, it appears that the main difference in running performance
between elite runners and triathletes comes mainly from a higher body mass in triathletes (affecting
proportional VO,max) rather from differences in running economy. Since mean lower leg thickness and calf
mass have been shown to be related to running economy (Saltin, Kim, Terrados, Larsen, Svedenhag, Rolf,
1995), one may speculate that the higher body mass in triathletes comes mainly from the upper body muscles
more and — probably — from the higher skinfold thicknesses that are associated with swimming.

2.5 VO kinetics

As previously mentioned, in contrast to other endurance sports; i.e. running (Kilding, Fysh, Winter, 2007;
Carter, Jones, Barstow, Burnley, Williams, Doust, 2000), cycling (Carter, Jones, Barstow, Burnley, Williams,
Doust, 2000), rowing (Ingham, Carter, Whyte, Doust, 2007) or swimming (Reis, Millet, Malatesta, Roels,
Borrani, Vleck, et al., 2010) where VO kinetics has been well-investigated, only a few studies report VO
kinetics parameters in triathletes.

Faster kinetics; i.e. smaller constant time of the primary phase (t1) , has been associated with improved
fatigue tolerance and performance in cycling, running or rowing (Burnley & Jones, 2007; Ingham, Carter,
Whyte, Doust, 2007). Caputo et al. (2004) compared trained triathletes, cyclists and runners on both running
and cycling maximal exercises. t1 was similar between treadmill and cycle ergometer in runners (31.6 and
40.9 s); cyclists (28.5and 32.7 s) and triathletes (32.5 and 40.7 s). Despite the fact that these authors
concluded that VO kinetics was not dependent on the exercise mode and specificity of training as in previous
studies (Carter, Jones, Barstow, Burnley, Williams, Doust, 2000), one may observe that the triathletes
responses were similar to the ones of the runners, for whom the difference between cycling and running was
larger than in cyclists.
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It seems that in trained subjects, acceleration of the VO, adjustments at the onset of heavy exercise after
endurance training is not always observed, in opposition to untrained subjects. For example, Millet et al.
(2002) did not report that in a group of already well-trained triathletes, training induces a faster constant time of
the primary phase. However, they reported in the seven subjects with the lowest VO.max (~64 mL-min-kg),
that 1 decreased from 21 to 14 s.

Comparison of VO kinetics parameters (as well as running EC and anaerobic capacity in cycling) between
OD and LD triathletes appears to be a first priority in the characterisation of training adaptations, and
improvement of understanding of the determinants of performance in triathlon, using a "modern" scientific
perspective.

3. INJURY DIFFERENCES IN OD AND LD TRIATHLETES

Differences in training adaptations between LD and OD triathletes may, moreover, have implications for the
incidence and or severity of overuse injury in these groups. In a preliminary retrospective study, Vleck (2010b;
Vleck et al., 2010) found the number of overuse injuries sustained over a five-year period did not differ
between OD and LD triathletes. However, the proportions of OD and LD athletes who were affected by injury
to particular anatomical sites did (p<0.05). For example, a greater proportion of OD than LD males sustained
Achilles tendon injury (p<0.05). In addition more of the total number of overuse injuries that were sustained by
OD athletes occurred to the lower back (17.9%), Achilles tendon (14.3%) and knees (14.2%), whilst most of
the injuries that were reported by IR athletes were to the knees (44%), calf (20%), hamstrings (20%) and lower
back (20%). Moreover, less OD athletes (16.7% vs. 36.8%, p<0.05) reported their injury to recur. Although OD
sustained less running injuries than LD (1.6 + 0.5 vs. 1.9 £ 0.3, p<0.05), more subsequently stopped running
(41.7% vs. 15.8%), and for longer (33.5 + 43.0 vs. 16.7 + 16.6 days, p<0.01). In OD, the number of overuse
injuries sustained inversely correlated with percentage training time, and number of sessions, doing bike hill
repetitions (r = - 0.44 and - 0.39, respectively, both p<0.05). LD overuse injury number correlated with the
amount of intensive sessions done (r = 0.67, p<0.01 and r = 0.56, p<0.05 for duration of 'speed' run and
'speed bike' sessions). It is important, therefore, that coaches note that the physiological and training
differences between OD and LD triathletes may lead to their exhibiting differential risk for injury to specific
anatomical sites.

CONCLUSIONS

After 30 years of scientific investigation, we can conclude that only the “traditional / old-fashioned” physiological
parameters (VO,max, anaerobic threshold) have been measured and analysed on a large-scale. Only a few
data are available for running EC or cycling efficiency in triathletes. Almost nothing has been published on
anaerobic capacity in cycling or VO, kinetics. Very little is known regarding training content. Research regarding
both the extent of, and the risk factors for, injury in LD and OD triathletes, is very much in its infancy (Vleck,
2010).

The International Triathlon Union can be pro-active in initiating a longitudinal assessment of elite triathletes. It
will obviously help coaches and scientists. The data so collected may also complement the data collected for
the "blood/biological passport" and comprise the first step towards a "physiological passport".
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Table 4. Studies that have assessed maximal oxygen uptake for cycling and running in OD and LI

Rel. VOz2max
Reference Sport N Level/ Details (A ?se) I\:I: s)s bike
y g (ml-kg-'min)
Albrecht et al., 1986 oD 9M Experienced 56.3
Kohrt et al., 1987 LD 13M Competitive 29.5+4.8 69.815.6 57.915.6"
O'Toole et al., 1987 LD &M Ser. amateur (SA) 30.5+8.8 74.7£10 66.7£10.1
6F World-Class (WC) 31.315.6 60.3+4.6 61.6+7
5F WC subgroup 67.017.7
1F SA subgroup 60.6
6M SA subgroup 66.1+9.2
2M WC subgroup 77.0£10.0
O'Toole et al., 1987 LD Highly trained 30.5+8.8 74.7+10.0 66.7+10.1
31.315.6 58.845.7 64.0+8.9
Roalstad, 1989 LD 8F 56.9
10M Not clear 64.3
Flynn et al., 1987 LD MM Top 200 314459 74.5+7.6
Kreider, 1988 oD 10M None given
Kreider et al., 1989 LD 9M 64.3£8.5
Loftin et al., 1988 oD 14 M Competitive 43.6£8.1
Dengel et al.,1989 LD MM Not clear 314418 745423 63.2+0.1
Stein et al., 1989 oD 4M ‘Elite’
M 55.3-56.4 "
Kohrt et al., 1989 LD 8M,6F (I, Feb.) 29.445.1 F 69.9-713 53.4+1.5
(1, Feb+6-8 wks) 55.5+1.5*
(111,+6-8 wks) 54.2+1.5*
(IV, Sept., race) 56.0+1.3*
Schneider et al., 1990 oD 10M Highly trained 27.646.3 72154 70.316
Millard-Stafford et al., 1990 oD 10M Competitive 62.9+3.8
Rehrer et al., 1990 LD 10M Not clear 60.8+1.4
Butts et al., 1991 oD 7F Recreational 48.2+3.8
16 M Not clear 56.5+8.5
Deitrick, 1991 oD ™ Competitive 60.5£6.2MW
™ Competitive 51.94£3.91W
Medelli et al., 1993 oD ™ 2443 7510 66.4+1
Sleivert & Wenger, 1993 oD 18 M 27.741.3 76.242.1 51.142
7F 28.3£2.3 59.3+2.1 60.1£1.5
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Rel. VO2max
Reference Sport N Level/ Details (A ?Se) l\:l: s)s bike
y g (ml-kg-'min)
Miura & Ishiko, 1993 oD 9M 57.9+4.5
Murdoch et al., 1993 oD &M 67.1+2.6
Miura et al., 1994 oD 14 M 58.546.8
Zhou et al., 1997 oD 10M Amateur 274457 78.448 61.3£10.1
Roberts & McElligott, 1995 oD 7F 54.3£3.6
7F 63.243.9
Ruby et al., 1996 oD 6F 10 wks R 20.3£0.9 58.2+3.3
6F 10 wks C 20.5£1.0 61.6+3.6
6F 10 wks C+R 21.3£0.6 62.4+3.0
Kerr et al., 1998 oD 5M Competitive 60.8+3.0
Derman et al., 1996 oD 6M
Miura et al., 1997 oD 17M 26.548.2 62.845.1 61.1£8.1
Hue et al., 1998 oD ™ Competitive 20.8+29 69.744.5 65.4+4.2
Hue et al., 1999 oD 9M 70+4.8
Miura et al., 1999 oD &M Superior 27.3+6.8 65.4+5.8 67.8+6.1#
8M Lower 26+10.3 60.8+3.2 54.9+3.8#
Basset & Boulay, 2000 oD 4M,2F 21.3£1.6 65.745.6 64.6+2.6"
C 6M 24.317.5 72.5£3.7 71.213.9°
R 4M,2F 21.0+2.4 64.8+13.8 61.75
All 14M,2F 22.2+5 67.7£9.1 65.8+4.8°
Hue et al., 2000 oD 29M Competitive 20.91£2.6 68+7.8 69.1£7.2
6M Elite 21.8+2.4 69.9+7.3 75.9+5.2
Schabort et al., 2000 oD 5M National Squad 2314 721147 69.914.5
5F 257 59.3+5.8 61.3£4.6
5M,5F 65.646.3
Hue et al., 2000 oD 8M Competitive 64.7+2.4
Elite Senior 75.7£2.3
Toraa & Friemel, 1990 oD 12M Good level 70.7+3.8
12M Middle-level 67.746.4
Hue et al., 2000 oD 13M University team 67.2+1.6
Hue et al., 2001 oD 10M 67.1£1.6
Hue et al., 2003 oD 13M Competitive 67.2+1.6
Vercruyssen et al., 2003 oD &M University team 24.0+3.0 71.1+6.5 68.7+3.2
Basset & Boulay, 2003 oD 4M,4F Preparat. training 2242 60.7£10 60.946.7
Specific training 61.916.4
Pre-competition 62.8+7.2
Vercruyssen et al., 2005 oD 8M 28.9+74 73.316.0 67.6+3.6
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Table 5. Studies showing ventilatory / anaerobic threshold related data for cycling and running in

Reference Sport  Performance Level N VT(E/ gziagl)ke V-I;LV g?n]r)un m‘(gfﬁ:‘kf) (:
Albrecht et al., 1986 T Experienced 9M 44.3
Kreider et al., 1989 T 10M 3.9 442
Schneider et al., 1990 T Highly Trained 10M 3.0£0.5° 3.9+0.3 46.9+4.3
Schneider & Pollack, 1991 T Highly trained 10F 2.2+0.1 2.8+0.1 37.7£1.9
Sleivert & Wenger, 1993 T 7F

T 18 M
De Vito et al., 1995 T Well trained 6M 3.7+0.4
3.840.6
3.740.2
Roberts & McElligott, 1995 T Elite ™
Zhou et al., 1997 T Amateur 10M 4.0£0.2 4.540.2 52.2+3.2"
Hue et al., 1998 T Competitive 7™ 42.5+6.5
Billat et al., 1999 T Competitive
Miura et al., 1999 T Superior &M 48.7+£3.8
T Lower &M 39.74£2.9*
Hue et al., 2000 T Al 29M 3.0£0.6" 2.6+0.4 45.1+8.2
T Elite 6M 3.0£0.6 2.840.3 49+10.9
Vercruyssen et al., 2003 T 8M
Bernard et al., 2003 T Well trained 9M
Galy et al., 2003 T (Pre-comp) TM1F 3.7£0.2%° 55.8+2.8*
(Comp) TM1F 3.7£0.2b 55.443.3
(Post-comp) TM1F 3.3+0.2#° 4944 1c*
Vercruyssen et al., 2005 T &M (LT) 3.8404° (LT)4.4+0.5

197 2011 ISSUE 2 | VOLUME 6



Millet et al. / Physiological requirements in triathlon JOURNAL OF HUMAN SPORT & EXERCISE

REFERENCES

1.

2.

10.

1.

12.

13.

14.

15.

16.

17.

ALBRECHT TL, FOSTER VL, DICKINSON AL. Triathletes: exercise parameters measured during
bicycle, swim bench, and treadmill testing. Med Sci Sports Exerc. 1986; 18:86. [Back to text]
BASSET F, BOULAY MR. Treadmill and cycle ergometer tests are interchangeable to monitor
triathletes annual training. J Sports Sci Med. 2003; 2(3):110-6. [Full Text] [Back to texi]

BASSET FA, BOULAY MR. Specificity of treadmill and cycle ergometer tests in triathletes, runners
and cyclists. Eur J Appl Physiol. 2000; 81(3):214-21. [Abstract] [Back to tex{]

BASSETT DR, JR, HOWLEY ET. Limiting factors for maximum oxygen uptake and determinants of
endurance performance. Med Sci Sports Exerc. 2000; 32(1):70-84. [Full Text] [Back to tex{]
BERNARD T, VERCRUYSSEN F, GREGO F, HAUSSWIRTH C, LEPERS R, VALLIER JM, ET AL.
Effect of cycling cadence on subsequent 3 km running performance in well trained triathletes. Br J
Sports Med. 2000; 37(2):154-8. [Full Text] [Back to text]

BILLAT V, LEPRETRE PM, HEUGAS AM, LAURENCE MH, SALIM D, KORALSZTEIN JP.
Training and bioenergetic characteristics in elite male and female Kenyan runners. Med Sci Sports
Exerc. 2003; 35(2):297-304. [Abstract] [Back to tex{]

BILLAT VL, DEMARLE A, SLAWINSKI J, PAIVA M, KORALSZTEIN JP. Physical and training
characteristics of top-class marathon runners. Med Sci Sports Exerc. 2001; 33(12):2089-97. [Full
Text] [Back to texi]

BILLAT VL, MILLE-HAMARD L, PETIT B, KORALSZTEIN JP. The role of cadence on the VO slow
component in cycling and running in triathletes. Int J Sports Med. 1999; 20(7):429-37. [Full Text]
[Back to text]

BOONE T, KREIDER RB. Bicycle exercise before running: effect on performance. Ann Sports
Med. 1986; 3:25-9. [Back to text]

BOUSSANA A, HUE O, HAYOT M, MATECKI S, RAMONATXO M, LE GALLAIS D. Capacité de
diffusion pulmonaire avant un triathlon et 24 heures aprés la compétition. Science & Sports. 2000;
15:245-47. [Abstract] [Back to text]

BOUSSANA A, MATECKI S, GALY O, HUE O, RAMONATXO M, LE GALLAIS D. The effect of
exercise modality on respiratory muscle performance in triathletes. Med Sci Sports Exerc. 2001;
33(12):2036-43. [Abstract] [Back to tex{]

BURNLEY M, JONES AM. Oxygen uptake kinetics as a determinant of sports performance. Eur J
Sport Sci. 2007; 7(2):63-79. doi:10.1080/17461390701456148 [Back to text]

BUTTS NK, HENRY BA, MCLEAN D. Correlations between VO,max and performance times of
recreational triathletes. J Sports Med Phys Fitness. 1991; 31(3):339-44. [Abstract] [Back to text]
CAILLAUD C, SERRE-COUSINE O, ANSELME F, CAPDEVILLA X, PREFAUT C. Computerized
tomography and pulmonary diffusing capacity in highly trained athletes after performing a triathlon.
J Appl Physiol. 1995; 79(4):1226-32. [Abstract] [Back to text]

CAPUTO F, DENADAI BS. Effects of aerobic endurance training status and specificity on oxygen
uptake kinetics during maximal exercise. Eur J Appl Physiol O. 2004; 93(1-2):87-95. [Abstract]
[Back to text]

CARTER H, JONES AM, BARSTOW TJ, BURNLEY M, WILLIAMS C, DOUST JH. Effect of
endurance training on oxygen uptake kinetics during treadmill running. J Appl Physiol. 2000;
89(5):1744-52. [Abstract] [Back to tex{]

CARTER H, JONES AM, BARSTOW TJ, BURNLEY M, WILLIAMS CA, DOUST JH. Oxygen
uptake kinetics in treadmill running and cycle ergometry: a comparison. J Appl/ Physiol. 2000;
89(3):899-907. [Abstract] [Back to tex{]

VOLUME 6 | ISSUE 2 | 2011 | 198



Millet et al. / Physiological requirements in triathlon JOURNAL OF HUMAN SPORT & EXERCISE

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

CHAPMAN AR, VICENZINO B, BLANCH P, HODGES PW. Is running less skilled in triathletes
than runners matched for running training history? Med Sci Sports Exerc. 2008; 40(3):557-65.
[Abstract] [Back to text]

CHATARD JC, CHOLLET D, MILLET G. Performance and drag during drafting swimming in highly
trained triathletes. Med Sci Sports Exerc. 1998, 30(8):1276-80. [Abstract] [Back to text]

CHOLLET D, HUE O, AUCLAIR F, MILLET G, CHATARD JC. The effects of drafting on stroking
variations during swimming in elite male triathletes. Eur J Appl Physiol O. 2000; 82(5-6):413-7.
doi:10.1007/s004210000233 [Back to text]

CONLEY DL, KRAHENBUHL GS, BURKETT LN, MILLAR AN. Following Steve Scott:
Physiological changes accompanying training. Phys Sports Med. 1984; 12(103-106). [Back to text]
COYLE EF. Integration of the physiological factors determining endurance performance ability.
Exerc Sport Sci Rev. 1995; 23:25-63. [Abstract] [Back to text]

DANNER T, PLOWMAN SA. Running economy following an intense cycling bout in female
duathletes and triathletes. WSPAJ. 1995; 3(1):29-39. [Abstract] [Back to tex{]

DAVIS JA, VODAK P, WILMORE JH, VODAK J, KURTZ P. Anaerobic threshold and maximal
aerobic power for three modes of exercise. J Appl Physiol. 1976, 41(4):544-50. [Abstract] [Back to
text]

DE VITO G, BERNARDI M, SPROVIERO E, FIGURA F. Decrease of endurance performance
during Olympic Triathlon. Int J Sports Med. 1995, 16(1):24-8. [Abstract] [Back to text]

DEITRICK RW. Physiological responses of typical versus heavy weight triathletes to treadmill and
bicycle exercise. J Sports Med Phys Fitness.1991; 31:367-75. [Abstract] [Back to text]
DELEXTRAT A, TRICOT V, BERNARD T, VERCRUYSSEN F, HAUSSWIRTH C, BRISSWALTER
J. Drafting during swimming improves efficiency during subsequent cycling. Med Sci Sports Exerc.
2003; 35(9):1612-9. [Abstract] [Back to text]

DENGEL DR, FLYNN MG, COSTILL DL, KIRWAN JP. Determinants of success during triathlon
competition. Res Q Exerc Sport. 1989; 60(3):234-8. [Abstract] [Back to text]

DERMAN KD, HAWLEY JA, NOAKES TD, DENNIS SC. Fuel kinetics during intense running and
cycling when fed carbohydrate. Eur J Appl Physiol Occup Physiol. 1996; 74(1-2):36-43.
doi:10.1007/BF00376492 [Back to text]

DI PRAMPERO PE, ATCHOU G, BRUCKNER JC, MOIA C. The energetics of endurance running.
Eur J Appl Physiol Occup Physiol. 1986; 55(3):259-66. doi:10.1007/BF02343797 [Back to text]
FARBER H, ARBETTER J, SCHAEFER E, HILL S, DALLAL G. Acute metabolic effects of an
endurance triathlon. Annals of Sports Medecine. 1987; 3(2):131-8. [Back to text]

FARBER HW, SCHAEFER EJ, FRANEY R, GRIMALDI R, HILL NS. The endurance triathlon:
metabolic changes after each event and during recovery. Med Sci Sports Exerc. 1991; 23(8):959-
65. [Abstract] [Back to tex{]

FERNHALL B, KOHRT W. The effect of training specificity on maximal and submaximal
physiological responses to treadmill and cycle ergometry. J Sports Med Phys Fitness. 1990;
30(3):268-75. [Abstract] [Back to texi]

FLYNN MG, COSTILL DL, KIRWAN JP, FINK WJ, DENGEL DR. Muscle fiber composition and
respiratory capacity in triathletes. Int J Sports Med. 1987; 8(6):383-6. [Abstract] [Back to tex{]

GALY O, HUE O, BOUSSANA A, PEYREIGNE C, COURET I, LE GALLAIS D, ET AL. Effects of
the order of running and cycling of similar intensity and duration on pulmonary diffusing capacity in
triathletes. Eur J Appl Physiol. 2003; 90(5-6):489-95. [Abstract] [Back to text]

GALY O, MANETTA J, COSTE O, MAIMOUN L, CHAMARI K, HUE O. Maximal oxygen uptake
and power of lower limbs during a competitive season in triathletes. Scand J Med Sci Sports. 2003;
13(3):185-93. [Full Text] [Back to text]

199

| 2011 | ISSUE 2 | VOLUME 6 © 2011 University of Alicante



Millet et al. / Physiological requirements in triathlon JOURNAL OF HUMAN SPORT & EXERCISE

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

GILMAN MB. The use of heart rate to monitor the intensity of endurance training. Sports Med.
1996; 21(2):73-9. [Back to text]

GUEZENNEC CY, VALLIER JM, BIGARD AX, DUREY A. Increase in energy cost of running at the
end of a triathlon. Eur J Appl Physiol Occup Physiol. 1996; 73(5):440-5. doi:10.1007/BF00334421
[Back to text]

HAUSSWIRTH C, BIGARD AX, BERTHELOT M, THOMAIDIS M, GUEZENNEC CY. Variability in
energy cost of running at the end of a triathlon and a marathon. Int J Sports Med. 1996; 17(8):572-
9. [Abstract] [Back to text]

HAUSSWIRTH C, BIGARD AX, GUEZENNEC CY. Relationships between running mechanics and
energy cost of running at the end of a triathlon and a marathon. Int J Sports Med. 1997; 18(5):330-
9. [Abstract] [Back to text]

HAUSSWIRTH C, BIGARD AX, LE CHEVALIER JM. The Cosmed K4 telemetry system as an
accurate device for oxygen uptake measurements during exercise. Int J Sports Med. 1997;
18(6):449-53. [Abstract] [Back to text]

HAUSSWIRTH C, BRISSWALTER J, VALLIER JM, SMITH D, LEPERS R. Evolution of
electromyographic signal, running economy, and perceived exertion during different prolonged
exercises. Int J Sports Med. 2000; 21(6):429-36. [Abstract] [Back to text]

HAUSSWIRTH C, LEHENAFF D. Physiological demands of running during long distance runs and
triathlons. Sports Med. 2001; 31(9):679-89. [Abstract] [Back to text]

HAUSSWIRTH C, VALLIER J, LEHENAFF D, BRISSWALTER J, SMITH D, MILLET G, ET AL.
Effect of two drafting modalities in cycling on running performance. Med Sci Sports Exerc. 2001;
33:485-92. [Full Text] [Back to text]

HAUSSWIRTH C, VALLIER J, LEHENAFF D, SMITH D, MILLET G, DREANO P, ET AL. Effect of
alternate or continuous sheltered position in cycling on the consecutive running. VIII ACAPS
international congress. 2000; 176-7. [Back to text]

HILL NS, JACOBY C, FARBER HW. Effect of an endurance triathlon on pulmonary function. Med
Sci Sports Exerc. 1991; 23(11):1260-4. [Abstract] [Back to text]

HOLLY RG, BARNARD RJ, ROSENTHAL M, APPLEGATE E, PRITIKIN N. Triathlete
characterization and response to prolonged strenuous competition. Med Sci Sports Exerc. 1986;
18(1):123-7. [Abstract] [Back to text]

HUE O, GALY O, LE GALLAIS D, PREFAUT C. Pulmonary responses during the cycle-run
succession in elite and competitive triathletes. Can J Appl Physiol. 2001; 26(6):559-73. [Abstract]
[Back to text]

HUE O, LE GALLAIS D, BOUSSANA A, CHOLLET D, PREFAUT C. Performance level and
cardiopulmonary responses during a cycle-run trial. Int J Sports Med. 2000; 21(4):250-5. [Abstract]
[Back to text]

HUE O, LE GALLAIS D, BOUSSANA A, CHOLLET D, PREFAUT C. Ventilatory responses during
experimental cycle-run transition in triathletes. Med Sci Sports Exerc. 1999; 31(10):1422-8.
[Abstract] [Back to text]

HUE O, LE GALLAIS D, BOUSSANA A, GALY O, CHAMARI K, MERCIER B, ET AL.
Catecholamine, blood lactate and ventilatory responses to multi-cycle-run blocks. Med Sci Sports
Exerc. 2000; 32(9):1582-6. [Abstract] [Back to text]

HUE O, LE GALLAIS D, CHOLLET D, BOUSSANA A, PREFAUT C. The influence of prior cycling
on biomechanical and cardiorespiratory response profiles during running in triathletes. Eur J Appl
Physiol Occup Physiol. 1998; 77(1-2):98-105. [Abstract] [Back to tex{]

HUE O, LE GALLAIS D, CHOLLET D, PREFAUT C. Ventilatory threshold and maximal oxygen
uptake in present triathletes. Can J Appl Physiol. 2000; 25(2):102-13. [Abstract] [Back to text]

VOLUME 6 | ISSUE 2 | 2011 | 200



Millet et al. / Physiological requirements in triathlon JOURNAL OF HUMAN SPORT & EXERCISE

94.

95.

96.

7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

1.

HUE O, LE GALLAIS D, PREFAUT C. Specific pulmonary responses during the cycle-run
succession in triathletes. Scand J Med Sci Sports. 2001; 11(6):355-61. [Abstract] [Back to tex{]
INGHAM SA, CARTER H, WHYTE GP, DOUST JH. Comparison of the oxygen uptake kinetics of
club and olympic champion rowers. Med Sci Sports Exerc. 2007; 39(5):865-71. [Abstract] [Back to
text]

JACOBS I, SJIODIN B. Relationship of ergometer-specific VO, max and muscle enzymes to blood
lactate during submaximal exercise. Br J Sports Med. 1985; 19(2):77-80. doi:10.1136/bjsm.19.2.77
[Back to text]

JONES AM. The physiology of the World record holder for the Women’s marathon. Int J Sports Sci
Coach. 2006; 1(2):101-15. [Full Text] [Back to text]

JOYNER MJ, COYLE EF. Endurance exercise performance: the physiology of champions. J
Physiol. 2008; 586(1):35-44. doi:10.1113/jphysiol.2007.143834 [Back to tex{]

KERR CG, TRAPPE TA, STARLING RD, TRAPPE SW. Hyperthermia during Olympic triathlon:
influence of body heat storage during the swimming stage. Med Sci Sports Exerc. 1998
Jan;30(1):99-104. [Abstract] [Back to text]

KILDING AE, FYSH M, WINTER EM. Relationships between pulmonary oxygen uptake kinetics
and other measures of aerobic fitness in middle- and long-distance runners. Eur J Appl Physiol.
2007; 100(1):105-14. doi:10.1007/s00421-007-0413-z [Back to tex{]

KOHRT WM, MORGAN DW, BATES B, SKINNER JS. Physiological responses of triathletes to
maximal swimming, cycling, and running. Med Sci Sports Exerc. 1987; 19(1):51-5. [Abstract] [Back
to text]

KOHRT WM, O'CONNOR JS, SKINNER JS. Longitudinal assessment of responses by triathletes
to swimming, cycling, and running. Med Sci Sports Exerc. 1989; 21(5):569-75. [Abstract] [Back to
text]

KREIDER RB, BOONE T, THOMPSON WR, BURKES S, CORTES CW. Cardiovascular and
thermal responses of triathlon performance. Med Sci Sports Exerc. 1988; 20(4):385-90. [Abstract]
[Back to text]

KREIDER RB. Ventilatory threshold in swimming, cycling and running in triathletes. Int J Sports
Med. 1988;9:147-8. [Back to text]

LAURENSON NM, FULCHER KY, KORKIA P. Physiological characteristics of elite and club level
female triathletes during running. Int J Sports Med. 1993; 14(8):455-9. [Abstract] [Back to text]
LEAKE CN, CARTER JE. Comparison of body composition and somatotype of trained female
triathletes. J Sports Scie. 1991; 9(2):125-35. [Abstract] [Back to text]

LOFTIN M, WARREN BL, ZINGRAF S, BRANDON JE, SKUDLT A, SCULLY B. Peak physiological
function and performance of recreational triathletes. J Sports Med Phys Fitness. 1988; 28(4):330-5.
[Abstract] [Back to text]

LOY SF, HOFFMANN JJ, HOLLAND GJ. Benefits and practical use of cross-training in sports.
Sports Med. 1995; 19(1):1-8. [Abstract] [Back to text]

LUCIA A, ESTEVE-LANAO J, OLIVAN J, GOMEZ-GALLEGO F, SAN JUAN AF, SANTIAGO C, ET
AL. Physiological characteristics of the best Eritrean runners-exceptional running economy. Appl
Physiol Nutr Metab. 2006; 31(5):530-40. [Full Text] [Back to tex{]

LUCIA A, OLIVAN J, BRAVO J, GONZALEZ-FREIRE M, FOSTER C. The key to top-level
endurance running performance: A unique example. Br J Sports Med. 2007; 29.
doi:10.1136/bjsm.2007.040725 [Back to text]

MARGARITIS I, TESSIER F, VERDERA F, BERMON S, MARCONNET P. Muscle enzyme release
does not predict muscle function impairment after triathlon. J Sports Med Phys Fitness. 1999;
39(2):133-9. [Abstract] [Back to tex{]

201

| 2011 | ISSUE 2 | VOLUME 6 © 2011 University of Alicante



Millet et al. / Physiological requirements in triathlon JOURNAL OF HUMAN SPORT & EXERCISE

2.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

MASSIMINO FA, ARMSTRONG MA, O'TOOLE ML, HILLER WD, LAIR RH. Common triathlon
injuries: special considerations for multisport training. Annals of Sports Medicine. 1988; 4(2):82-6.
[Back to text]

MEDELLI J, MAINGOURD Y, BOUFERRACHE B, BACH V, FREVILLE M, LIBERT JP. Maximal
oxygen uptake and aerobic-anaerobic transition on treadmill and bicycle in triathletes. Jpn J
Physiol. 1993; 43(3):347-60. [Abstract] [Back to tex{]

MILLARD-STAFFORD M, SPARLING PB, ROSSKOPF LB, HINSON BT, DICARLO LJ.
Carbohydrate-electrolyte replacement during a simulated triathlon in the heat. Med Sci Sports
Exerc. 1990; 22(5):621-8. [Abstract] [Back to text]

MILLET GP, BENTLEY DJ. The physiological responses to running after cycling in elite junior and
senior triathletes. Int J Sports Med. 2004; 25(3):191-7. [Full Text] [Back to text]

MILLET GP, CANDAU RB, BARBIER B, BUSSO T, ROUILLON JD, CHATARD JC. Modelling the
transfers of training effects on performance in elite triathletes. Int J Sports Med. 2002; 23(1):55-63.
[Full Text] [Back to text]

MILLET GP, DREANO P, BENTLEY DJ. Physiological characteristics of elite short- and long-
distance triathletes. Eur J Appl Physiol. 2003; 88(4-5):427-30. doi:10.1007/s00421-002-0731-0
[Back to text]

MILLET GP, JAOUEN B, BORRANI F, CANDAU R. Effects of concurrent endurance and strength
training on running economy and VO(2) kinetics. Med Sci Sports Exerc. 2002; 34(8):1351-9.
[Abstract] [Back to text]

MILLET GP, MILLET GY, CANDAU RB. Duration and seriousness of running mechanics
alterations after maximal cycling in triathletes. Influence of the performance level. J Sports Med
Phys Fitness. 2001; 41(2):147-53. [Abstract] [Back to texi]

MILLET GP, MILLET GY, HOFMANN MD, CANDAU RB. Alterations in running economy and
mechanics after maximal cycling in triathletes: influence of performance level. Int J Sports Med.
2000; 21(2):127-32. [Abstract] [Back to text]

MILLET GP, VLECK VE, BENTLEY DJ. Physiological differences between cycling and running:
lessons from triathletes. Sports Med. 2009;39(3):179-206. [Abstract] [Back to tex{]

MILLET GP, VLECK VE. Physiological and biomechanical adaptations to the cycle to run transition
in Olympic triathlon: review and practical recommendations for training. Br J Sports Med. 2000;
34(5):384-90. [Full Text] [Back to texi]

MIURA H, ISHIKO T. Cardiorespiratory responses during a simulated triathlon. International
council for health, physical education and recreation (ICHPER) 36th World Congress; 1993;
Yokohama, Japan; 1993; 157-61. [Back to tex{]

MIURA H, KITAGAWA K, ISHIKO T, MATSUI N. Characteristics of VO,max and ventilatory
threshold in triathletes. Jpn J Exerc Sports Physiol. 1994; 1(1):99-106. [Abstract] [Back to text]
MIURA H, KITAGAWA K, ISHIKO T. Characteristic feature of oxygen cost at simulated laboratory
triathlon test in trained triathletes. J Sports Med Phys Fitness. 1999; 39(2):101-6. [Abstract] [Back
to text]

MIURA H, KITAGAWA K, ISHIKO T. Economy during a simulated laboratory test triathlon is highly
related to Olympic distance triathlon. Int J Sports Med. 1997; 18(4):276-80. [Abstract] [Back to text]
MOREIRA-DA-COSTA M, RUSSO AK, PICARRO IC, SILVA AC, LEITE-DE-BARROS-NETO T,
TARASANTCHI J, ET AL. Maximal oxygen uptake during exercise using trained or untrained
muscles. Braz J Med Biol Res. 1984; 17(2):197-202. [Abstract] [Back to text]

MURDOCH SD, BAZZARRE TL, SNIDER IP, GOLDFARB AH. Differences in the effects of
carbohydrate food form on endurance performance to exhaustion. Int J Sport Nutr. 1993 Mar;
3(1):41-54. [Abstract] [Back to text]

VOLUME 6 | ISSUE 2 | 2011 | 202



Millet et al. / Physiological requirements in triathlon JOURNAL OF HUMAN SPORT & EXERCISE

89. O'TOOLE M, HILLER WDB, DOUGLAS PS. Cardiovascular responses to prolonged cycling and
running. Ann Sports Med. 1987; 3:124-30. [Back to tex{]

90. O'TOOLE ML, DOUGLAS PS, HILLER WD. Use of heart rate monitors by endurance athletes:
lessons from triathletes. J Sports Med Phys Fitness. 1998; 38(3):181-7. [Abstract] [Back to text]

91. O'TOOLE ML, DOUGLAS PS. Applied physiology of triathlon. Sports Med. 1995; 19(4):251-67.
[Abstract] [Back to text]

92. OTOOLE ML, HILLER DB, CROSBY LO, DOUGLAS PS. The ultraendurance triathlete: a
physiological profile. Med Sci Sports Exerc. 1987; 19(1):45-50. [Abstract] [Back to text]

93. PALAZZETTI S, MARGARITIS I, GUEZENNEC CY. Swimming and cycling overloaded training in
triathlon has no effect on running kinematics and economy. Int J Sport Med. 2005; 26(3):193-9.
doi:10.1055/s-2004-817923 [Back to tex{]

94. PECHAR GS, MCARDLE WD, KATCH FI, MAGEL JR, DELUCA J. Specificity of cardiorespiratory
adaptation to bicycle and treadmill training. J Appl Physiol. 1974; 36(6):753-6. [Back to tex{]

95. REHRER NJ, BROUNS F, BECKERS EJ, TEN HOOR F, SARIS WH. Gastric emptying with
repeated drinking during running and bicycling. Int J Sports Med. 1990; 11(3):238-43. [Full Text]
[Back to text]

96. REHRER NJ, VAN KEMENADE M, MEESTER W, BROUNS F, SARIS WH. Gastrointestinal
complaints in relation to dietary intake in triathletes. Int J Sport Nutr. 1992; 2(1):48-59. [Abstract]
[Back to text]

97. REIS JF, MILLET GP, MALATESTA D, ROELS B, BORRANI F, VLECK VE, ET AL. Are oxygen
uptake kinetics modified when using a respiratory snorkel? Int J Sports Physiol Perform. 2010;
5(3):292-300. [Abstract] [Back to text]

98. ROALSTAD MS. Physiologic testing of the ultraendurance triathlete. Med Sci Sports Exerc. 1989;
21:5200-4. [Abstract] [Back to text]

99. ROBERTS A, MCELLIGOTT M. The relationship between strength and endurance in female
triathletes. NSRC Scientific Report. University of Canberra, AUS; 1995. [Back to text]

100. ROECKER K, STRIEGEL H, DICKHUTH HH. Heart-rate recommendations: transfer between
running and cycling exercise? Int J Sports Med. 2003; 24(3):173-8. [Abstract] [Back to text]

101. ROWBOTTOM DG, KEAST D, GARCIA-WEBB P, MORTON AR. Training adaptation and
biological changes among well-trained male triathletes. Med Sci Sports Exerc. 1997; 29(9):1233-9.
[Abstract] [Back to text]

102. RUBY B, ROBERGS R, LEADBETTER G, MERMIER C, CHICK T, STARK D. Cross-training
between cycling and running in untrained females. J Sports Med Phys Fitness. 1996; 36(4):246-54.
[Abstract] [Back to text]

103. SAGNOL M, CLAUSTRE J, COTTET-EMARD JM, PEQUIGNOT JM, FELLMANN N, COUDERT J,
ET AL. Plasma free and sulphated catecholamines after ultra-long exercise and recovery. Eur J
Appl Physiol Occup Physiol. 1990; 60(2):91-7. [Abstract] [Back to text]

104. SALTIN B, KIM CK, TERRADOS N, LARSEN H, SVEDENHAG J, ROLF CJ. Morphology, enzyme
activities and buffer capacity in leg muscles of Kenyan and Scandinavian runners. Scand J Med
Sci Sports. 1995; 5(4):222-30. [Abstract] [Back to text]

105. SALTIN B, LARSEN H, TERRADOS N, BANGSBO J, BAK T, KIM CK, ET AL. Aerobic exercise
capacity at sea level and at altitude in Kenyan boys, junior and senior runners compared with
Scandinavian runners. Scand J Med Sci Sports. 1995; 5(4):209-21.doi:10.1111/j.1600-
0838.1995.tb00037.x [Back to text]

106. SCHABORT EJ, KILLIAN SC, ST CLAIR GIBSON A, HAWLEY JA, NOAKES TD. Prediction of
triathlon race time from laboratory testing in national triathletes. Med Sci Sports Exerc. 2000 Apr;
32(4):844-9. [Full Text] [Back to text]

203 | 2011|ISSUE 2 | VOLUME 6 © 2011 University of Alicante



Millet et al. / Physiological requirements in triathlon JOURNAL OF HUMAN SPORT & EXERCISE

107. SCHNEIDER DA, LACROIX KA, ATKINSON GR, TROPED PJ, POLLACK J. Ventilatory threshold
and maximal oxygen uptake during cycling and running in triathletes. Med Sci Sports Exerc. 1990;
22(2):257-64. [Abstract] [Back to tex{]

108. SCHNEIDER DA, POLLACK J. Ventilatory threshold and maximal oxygen uptake during cycling
and running in female triathletes. Int J Sports Med. 1991; 12(4):379-83.doi:10.1055/s-2007-
1024698 [Back to text]

109. SLEIVERT GG, ROWLANDS DS. Physical and physiological factors associated with success in
the triathlon. Sports Med. 1996; 22(1):8-18. [Abstract] [Back to text]

110. SLEIVERT GG, WENGER HA. Physiological predictors of short-course triathlon performance. Med
Sci Sports Exerc. 1993; 25(7):871-6. [Abstract] [Back to tex{]

111. STEIN TP, HOYT RW, TOOLE MO, LESKIW MJ, SCHLUTER MD, WOLFE RR, ET AL. Protein
and energy metabolism during prolonged exercise in trained athletes. Int J Sports Med. 1989;
10(5):311-6. [Abstract] [Back to text]

112. TANAKA H. Effects of cross-training. Transfer of training effects on VO.max between cycling,
running and swimming. Sports Med. 1994; 18(5):330-9. [Abstract] [Back to tex{]

113. TORAA M, FRIEMEL F. Fatigue of the respiratory muscles due to maximal exercise on 2 different
ergometers. Can J Appl Physiol. 2000; 25(2):87-101. [Abstract] [Back to text]

114. TORAA M, POUILLARD F, MERLET P, FRIEMEL F. Cardiac hypertrophy and coronary reserve in
endurance athletes. Can J Appl Physiol. 1999; 24(1):87-95. [Abstract] [Back to text]

115. TSCHAKOVSKY ME, HUGHSON RL. Interaction of factors determining oxygen uptake at the
onset of exercise. J Appl Physiol. 1999; 86(4):1101-13. [Abstract] [Back to text]

116. VERCRUYSSEN F, BRISSWALTER J, HAUSSWIRTH C, BERNARD T, BERNARD O, VALLIER
JM. Influence of cycling cadence on subsequent running performance in triathletes. Med Sci Sports
Exerc. 2002; 34(3):530-6. [Abstract] [Back to texi]

117. VERCRUYSSEN F, SURIANO R, BISHOP D, HAUSSWIRTH C, BRISSWALTER J. Cadence
selection affects metabolic responses during cycling and subsequent running time to fatigue. Br J
Sports Med. 2005; 39(5):267-72. doi:10.1136/bjsm.2004.011668 [Back to text]

118. VLECK VE, BENTLEY DJ, MILLET GP, COCHRANE T. Triathlon event distance specialization:
training and injury effects. J Strength Cond Res. 2010; 24(1):30-6. [Abstract] [Back to text]

119. VLECK VE, GARBUTT G. Injury and Training Characteristics of Male Elite, Development Squad,
and Club Triathletes. Int J Sports Med. 1998; 19(1):38-42. [Abstract] [Back to texi]

120. VLECK VE. Triathlon injury. In: Caine DJ, Harmer PA & Schiff M (Eds.). Epidemiology of Injury in
Olympic Sports. International Olympic Committee ‘Encyclopaedia of Sports Medicine’ Series.
Wiley-Blackwell; 2010. Pp. 294-320. [Back to tex{]

121. VLECK V. Triathlete Training and Injury Analysis:- an investigation in British National Squad and
age-group triathletes. VDM Verlag Dr Miller Publishers: Saarbrucken, Germany; 2010b. [Back to
text]

122. WHYTE G, LUMLEY S, GEORGE K, GATES P, SHARMA S, PRASAD K, ET AL. Physiological
profile and predictors of cycling performance in ultra-endurance triathletes. J Sports Med Phys
Fitness. 2000; 40(2):103-9. [Abstract] [Back to text]

123. WITHERS RT, SHERMAN WM, MILLER JM, COSTILL DL. Specificity of the anaerobic threshold in
endurance trained cyclists and runners. Eur J Appl Physiol Occup Physiol. 1981; 47(1):93-104.
doi:10.1007/BF00422487 [Back to text]

124. ZHOU S, ROBSON SJ, KING MJ, DAVIE AJ. Correlations between short-course triathlon
performance and physiological variables determined in laboratory cycle and treadmill tests. J
Sports Med Phys Fitness. 1997; 37(2):122-30. [Abstract] [Back to tex{]

VOLUME 6 | ISSUE 2| 2011 | 204



