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ABSTRACT

HAJOGLOU, A., C. FOSTER, J. J. DE KONING, A. LUCIA, T. W. KERNOZEK, and J. P. PORCARI. Effect of Warm-Up on Cycle

Time Trial Perfonnance. Med. Sci. Sports Exerc., Vol. 37, No.9, pp. 1608-1614,2005. Purpose: This study was designed to detennine

the effect of warm-up on 3-km cycling time trial (TT) perfonnance, and the influence of accelerated V02 kinetics on such effect.

Methods: Eight well-trained road cyclists, habituated to 3-km time trials, perfonned randomly ordered 3-km TT after a) no warm-up

(NWU), b) easy warm-up (EWU) (15 min comprised of 5-min segments at 70,80, and 90% of ventilatory threshold (VT) followed

by 2 min of rest), or c) hard warm-up (HWU) (15 min comprised of 5-min segments at 70, 80, and 90% VT. plus 3 min at the respiratory

compensation threshold (RCT) followed by 6 min of rest). V02 and power output (SRM), aerobic and anaerobic energy contributions,

and V02 kinetics (mean response time to 63% of the V02 observed at 2 kIn) were detennined throughout each TT. Results:

Three-kilometer TT perfonnance was (P < 0.05) improved for both EWU (266.8 :t 12.0 s) (-2.8%) and HWU (267.3 :t 10.4 s)

(-2.6%) versus NWU (274.4 :t 12.1 s). The gain in perfonnance was predominantly during the first 1000 m in both EWU (48% of

gain) and HWU (53% of gain). This reflected a higher power output during the first lOOO m in both EWU (384 W) and HWU warm-up

(386 W) versus NWU (344 W) trials. The mean response time was faster in both EWU (45 :t 10 s) and HWU (41 :t 12 s) versus NWU

(52 :t 13 s) trials. There were no differences in anaerobic power output during the trials, but aerobic power output during the first

1000 m was larger during both EWU (203 W) and HWU (208 W) versus NWU (163 W) trials. Conclusions: During endurance events

ofintennediate duration (4-5 min), perfonnance is enhanced by warm-up irrespective of warm-up intensity. The improved perfonnance

is related to an acceleration of V02 kinetics. Key Words: CYCLING, ENERGY SYSTEMS. SPORTS PERFORMANCE, V02

KINETICS

T he~e is a widespre~d belief that warm-up co~tribut~s decreases in lacta~e ~ccumulation (18,23:27). Other studies
to Improved athletic performance (3). Reflecting this, have found confucting results, suggesting that an active
athletes practice several types of warm-up, the most warm-up does not produce significant physiological

common being an active warm-up involving muscular ex- changes that might be expected to enhance performance
ercise of varying intensity, often similar in character to the (21,22,26). If the warm-up is too prolonged or vigorous, the
competitive performance. Previous studies have demon- athlete may begin competition with either large disturbances
strated that a number of physiological changes occur with of homeostasis (proton accumulation or buffer reserve de-
active warm-up, some of which are potentially capable of pletion) or substrate (creatine phosphate or glycogen) de-

improving performance, particularly during high-intensity pletion, either of which might mimic the situation to be
exercise. T?ese include increases in heart rate (1,26), accel- expected midway through the competitive event and hamper
eration of VOz kinetics due to higher Oz availability to the performance (3,17).
working muscles at the onset of exercise (4,5,7,17,19,25), or Given the amount of focus and importance that athletes

place on warm-up, there is a surprisingly limited amount of
. research evaluating whether active warm-up improves per-
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relatively low-intensity warm-up, but potential deterioration Power During Warm-Up
t ' following a higher intensity (>70% \l°2max) warm-up un- 'OJ'

..' less an adequate recovery period is taken between the end of ~ 300 -.- Easy Warm-Up 0-0.0

t",; the warm-up and the beginning of the criterion event. More ~200 ...0.. Hard Warm-Up,.::,

\'C" research was recommended due to the scarcity of well- %
c', 0100,: controlled studies in the field. UnfortUnately, actual i
, warm-up procedures are usually based on trial-and-error I 0

experience of the athlete or coach, rather than on controlled 0 5 10 15 20
trials. Time (mln)

The purpose of this study was to determine whether VO2 During Warm-Up
warm-up contributes to improved performance in a 3000-m
cycle time trial (i.e., high-intensity intermediate-duration ~ 4 -'-Easy Warm-Up

~vent). We hypothesized that warm-up would accelerate !3 ~:o.:Hard~ar~Yp o.Dab
VOz kinetics, which would allow either a faster early pace :.. 2 "

and/or preservation of anaerobic energy expenditure until S 1 '0'0000
later in the race, resulting in less slowdown during the > 0

terminal portions of the event. 0 5 10 15 20 25
TIme (mln)

FIGURE I-Pattern of power output (top) and '\102 (bottom) during
and after the wann-up. The '\102 at the end of the warm-up matches

METHODS the '\102 at the beginning of the respective time trial.

After providing informed consent, eight well-trained cy-
clists participated in this study. The institutional review time. The subjects could continuously view both the dis-
board for the protection of human subjects of the University tance completed and the momentary velocity, just as they
of Wisconsin-La Crosse approved the study protocol. The would in a normal TT. During the TT, the only instruction
subjects were local class cyclists and triathletes, training given to the subject was to complete the TT is the smallest
10-15 howk-1. On the average (:tSD), the subjects were 31 time possible, as in a competition. Although the subjects had
:t 8 yr of age, their height was 178 :t 5 cm, and their body access to information about momentary velocity and power
mass was 73.1 :t 4.2 kg. Their \lOz peak during incremental output, there were no protocol-related constraints on how
cycle ergometer exercise at a power output of 334 :t 42 W the subject should perform the trial. The first of the four TT
was 4.39 :t 0.76 Lomin-l. Ventilatory threshold (VT) was was a habituation trial designed to ensure that the subject
observed at 165 :t 15 W at a \lOz of 2.75 :t 0.33 L°min-1. was fully familiarized with the task. The warm-up for this
The respiratory compensation threshold (RCT) was ob- trial included a 5-min segment at a PO just below that
served at 254 :t 25 W at a \lOz of 3.42 :t 0.39 L°min-l. All requiring VT. Determination of \lOz, RER, and PO allowed
of the subjects were very familiar with cycle time trials by computation of cycling gross efficiency (15), which was
virtue of participating in previous studies (13,14). assumed to be constant for all subsequent trials, an assump-

Testing protocolo The subjects restricted their training tion justified by previous studies in our laboratory (13,14)
to no more than 30 min at easy/moderate intensity on the and elsewhere (16). The next three TT, with different
day before each testing session. Before the time trails, each warm-up strategies, were performed in random order. The
subject had performed an incremental test (3 min at 25 W + warm-up protocols (Fig. 1) consisted of the following: t) no
25 W°min-l until fatigue) on an electrically braked cycle warm-up: subjects sat on the ergometer for 6 min and then. ergometer (Lode, Groningen, The Netherlands) to determine began the 1T; 2) easy warm-up: a 15-min warm-up that

ventilatory (VT) and respiratory compensation (RCT) included 5-min segments at a PO of 70, 80, and 90% VT,
thresholds and \lOZpeak. Respiratory gas exchange was mea- followed by a 2-min rest before the start of the 1T; and 3)
sured by open circuit spirometry using a mixing chamber- hard warm-up: a 15-min warm-up that included 5-min seg-
based system (Quinton Q-MC, Seattle, WA). VT and RCT ments at a PO of 70, 80, and 90% VT, plus 3 min at the
were determined as described by Lucia (25). \lOz peak was intensity of the RCT; followed by a 6-rnin rest before the
accepted as the greatest continuous 30-s \lOz value ob- start of the 1T. The longer recovery duration in the hard
served during the incremental exercise test. warm-up trial was chosen to allow \lOz to complete the

Each subject subsequently performed four 3-km TT on a rapid decrease phase following the conclusion of the
racing bicycle attached to a wind load simulator equipped warm-up and to be relatively constant between the two
with a heavy flywheel (Findly Road Machine, Toronto, warm-up trials. Blood lactate concentration was measured in
CA). We have used this ergometer extensively in our pre- capillary blood samples obtained from a finger tip before
vious studies and have found that it mimics cycling perfor- any exercise was performed, at the end of the warm-up,
mance very well (10,11,13,14). The cycle was equipped immediately «30 s) before the TT, and following each TT
with a chain ring-crank/crank based dynamometer (SRM (at 1, 3, 5, and 10 min postexercise). Lactate concentration
Koingskamp, Germany) that accurately measures speed, was measured in buffered hemolyzed samples using an
distance completed, cadence, power output (PO; W), and enzyme electrode system (YSI Sport, Yellow Springs, OH).

WARM-UP AND CYCLING PERFORMANCE Medicine & Science in Sports & Exercise(J 1609
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Mechanical work was calculated to allow determination TABLE 1. Serial values for cumulative time, power output, and VOl during the 3-km
. .. . time trials in relation to warm-up strategy.

of aerobIc and anaerobIc energetic use every 100m dunng. .. Hard Warm-Up Easy Warm-Up No Warm-Up
the Tf. The work (J) attributable to aerobIc metabolIsm was
calculated by multiplying metabolic work and efficiency Distance (m) Time (s)

(6,13,14,29). The work attributable to anaerobic sources 500 44.2:!: 4.5 44.8:!: 4.2 45.8:!: 6.~
was calculated by subtracting the work attributable to aer- 1000 87.7:!: 7.1 87.9:!: 7.1 91.5:!: 6.3"

. 6 629) 1500 132.7:!:8.6 132.4:!:9.1 138.1:!:8.1"
obic metabolism from total work accomplIshed ( ,I,. 2000 178.2:!: 9.7 177.8:!: 10.5 184.4:!: 9.8"

\10 kinetics were found by using a one-component, 2500 223.7:!: 10.8 223.3:!: 11.9 230.6:!: 11.8"2 d I II . .1 th t d b 3000 267.3:!: 10.4 266.8:!: 12.0 274.4:!: 12.1"
four-parameter mo e, conceptua y SImt ar to a use y Power Output (W)

Bell et al. (2). \102 kinetics were calculated using a least 500 431 :!: 103 421 :!: 93 378 :!: 76"
. d .

th fi 2km fth 1000 342:!:51 347:!:58 310:!:37"
squares fit of the V02 responses u~ng e Irst 0 . e 1500 310:!: 31 315:!: 44 286:!: 31"

ride. Because in many cases the subjects accelerated dunng 2000 304 :!: 24 304 :!: 32 289 :!: 40"

the last kilometer (with a subsequent increase in \102), we 2500 305 :!: 20 305 :!: 30 293 :!: 37. .. 3000 343 :!: 36 354 :!: 34 342 :!: 49
felt that the fairest way to express V02 kinetIcs was from VOz (L.mln-1)

resting to the 2-km mark. The model was as follows: 500 2.50:!: 0.28 2.51 :!: 0.35 1.88:!: 0.56"
1000 3.78:!: 0.58 3.58:!: 0.50 3.05:!: 0.70"

va - va + A ( l - -Iambda*(time-td» 1500 4.21 :!: 0.59 4.01 :!: 0.57 3.66 :!: 0.52"2 - _1 e 2000 4.27:!: 0.57 4.11 :!: 0.47 3.93:!: 0.44"

'. ak V.0 . V. 0 d . 2500 4.24 :!: 0.59 4.11 :!: 0.52 3.95 :!: 0.50
where V02 IS oxygen upt e, 2rest IS mean 2 unng 3000 4.63 :!: 0.35 4.48 :!: 0.43 4.26 :!: 0.40

the min~te before the start of the Tf, A is the. calcul~ted . No warm-up vs easy and hard warm-up, P < 0.05.

highest V02 from the data fit at 2 km, lambda IS the tIme
constant and td is the time delay (calculated). Mean re-
sponse time (MRT) was the most important variable we
calculated. The MRT is the time at which the fitted \102 leading to a significantly longer MRT (52:!: 13 s) compared
response is 63% of the maximum response (A) at 2 kIn, plus with the easy (45 :!: 10 s) and hard (41 :!: 12 s) Tf, which
the time delay (td) of the system. l/lambda allows the were not significantly different from each other. \102
calculation of the variable tau, which is the 63% response reached substantially constant values through the midpor-
time. Therefore, MRT = tau + td. tion of each trial, and then increased during the finishing

Statistical analysis. Statistical analysis was performed effort in all trials.
using repeated measures ANOV A, with warm-up and distance Differences in PO attributable to aerobic and anaerobic
as main effects, to test the hypothesis that warm-up leads to sources are presented in Figure 5. The PO attributable to
faster completion of Tf. Alpha was set at 0.05 to achieve aerobic sources during the hard warm-up Tf was signifi-
statistical significance. Tukey's test was performed post hoc cantly greater than the no-warm-up Tf for every 500-m
when significant differences were found. segment. The PO attributable to aerobic sources during the

easy warm-up trial was greater than in the no-warm-up in
all but two of the 500-m segments. There were no signifi-

RESULTS cant differences in the PO attributable to anaerobic sources
.. . . . during any of the 500-m segments of the time trial. There

There was a sIgnIficant dIfference I~ the total time re- were no significant differences in total (3025 :!: 167,3044
quired to complete the 3-km Tf dependIng on the warm-up:!: 230, and 2901 :!: 165 J), aerobic (2403 :!: 304, 2265 :!:
condition (Table I). Both the hard (267.3 :!: 10.4 s) and easy 266, and 2108 :!: 222 J), and anaerobic (623 :!: 191,779 :!:
warm-up (266.8 :!: 12.0 s) wer~ .significantl! (P < 0.05) . 155, and 794 :!: 161 J) work in the hard, easy, and no-

- f~ster tha~ the no-warm~up COndItIO~ (274.4 - 12.1 s). The warm-up trials, respectively.

tIme requIred to complete progressIve 500-m segments of Blood lactate concentration at the conclusion of the
the Tf al~o reflected the effect of warm-up (see Fig. 2 for warm-up in the hard warm-up trial was significantly greater
segment tImes). .. . than during either the no-warm-up or easy warm-up trials,

The total PO throughout each Tf IS presen~ed m FIgure 3. although there was no significant difference in blood lactate
There was a general pattern for PO to be hIghest near the concentration at the moment that the time trials began (Fig. 6).
beginning of the trial. ~e average PO during the.fir~t 500 m There was no difference in the peak blood lactate concentration
of the hard warm-up mal (431 :!: 103 W) was sIgnIficantly reached after the Tf in relation to warm-up, or to the time point
greater than during the easy warm-up trial (421 :!: 93 W), following the time trail at which peak blood lactate concentra-
and both hard and easy warm~up trials elicited higher mean tion occurred (e.g., 3 min for all three trials).
PO than the no-warm-up trial (378:!: 76 W). Over the next
1000 m the average PO during the easy warm-up Tf was
significantly greater than during the no-warm-up Tf. Dur-
ing the last 1500 m, there were. no significant differences in DISCUSSION
PO among any of the trials. V02 increased rapidly at the
beginning of the Tf (Fig. 4). There was a significant lag in The present study was designed to answer three ques-
the rate of increase in \102 during the no-warm-up Tf, tions. The fIrst question was whether there would be an
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48- FIGURE 2-Time required to complete! 46 successive 500-m segments of the 3-km TT
1= in relation to the warm-up condition. As-
I terisks represent statistically significant
1, 44 differences between the no-warm-up trial

and the easy and hard warm-up trials.
There were no significant differences be-

42
tween the easy and hard warm-up

40
0 soo 1000 1500 2000 2500 3000

DIs1anco(m)

improvement in 3-krn TT with warm-up; the second was trial, but the mean response time (an index of VOl kinetics)
whether a harder warm-up was more effective than an was shorter after both warm-up protocols compared with the
easier warm-up. The third question was whether there no-warm-up trial. A recent report by DeLory et al. (7)
was an acceleration of VOl kinetics with warm-up that suggested that prior heavy exercise (e.g., warm-up) was not
might spare anaerobic energy reserves. The results dem- only associated with accelerated VOl kinetics, but also with
onstrated a positive effect of warm-up on performance, a reduction in muscle Oz desaturation during rest to exercise
although our findings failed to demonstrate an advantage transitions. The reduction in desaturation was thought to
of a more intense warm-up. The performance advantage reflect an augmentation of muscle blood flow and oxygen
attributable to warm-up appeared to be largely a function delivery after warm-up. Previous studies from our labora-
of the acceleration of VOl kinetics, as there was no tory (12) have suggested that the time course of decreasing
difference in either the magnitude or pattern of anaerobic the systemic vascular resistance at the onset of either incre-
energy use in relation to warm-up'condition. However, as mental or steady-state exercise is comparable with the du-
the TT were entirely self-paced, differing patterns of ration of both warm-up protocols. Reductions in systemic
power output during the early m.oments of the ride could vascular resistance would be predicted to augment blood
independently have influenced VOl kinetics. Thus, with flow delivery to the active musculature. Other studies from
the present experimental de~ign it is impossible to deter- our laboratory have demonstrated abnormalities of ventric-
mine whether the slower VOl kinetics during the no- ular function during the beginning moments of heavy exer-
warm-up trial are independently related to the warm-up, cise performed without warm-up (8), which were largely
or simply an artifact of the lower power output during the normalized by warm-up (9). Such abnormalities of ventric-
first 1500 m of the no-warm-up trial. ular function, although most probably attributable to a mis-

The performance enhancement related to warm-up ob- matching of changes in left ventricular preload and after-
served in this study is generally comparable with the load, could still compromise forward cardiac output and
earlier study of Gr~djinovsky (20), whi.ch is the ~est of interfere with appropriate delivery of blood flow to the
the performance-orIented warm-up studies, and with the exercising musculature.
general conclusions presented in the summary article ofBishop (3). Although we did not study the effects of 600

warm-up in performance during long (>300 s) events, the
advantage evident in the present study was during the 50

early moments of the TT, suggesting that after 3-4 min
of heavy exercise, the response pattern is very similar ~
whether a warm-up is performed or not. Just as Grodji- l
novsky found no difference in VOzpeak without perform- 8 300

ing a warm-up, we observed no significant difference in ~
the highest VOl reached by our subjects during the last ~ 2 j
500 m of any of the trials. !

One of the primary proposed mechanisms by which a 1
warm-up is thought to contribute to improved performance
is by acceleration of aerobic metabolism, either through an 0 I
increase in resting VOl (4) or by acceleration of VOl . 588 1000 1500 2000 2500 3000 !

kinetics (7). The results of the present study a:e compatible ~- D~~~~~Jj
with both, the correlation between the higher VOl in the two FIGURE 3-Power output during each l00-m segment of the 3-m TT
warm-up trials combined and the time savings (r = 0.68) in relation to the warm-up condition. To save space individual signif-

. . . '. icant differences are not indicated, but are summarized in Table 1 for
was significant. Not only was the resting VOl higher after 500-m segments. All significant differences occurred during the first
both warm-up protocols compared with the no-warm-up 1500 m of the TT.

WARM-UP AND CYCLING PERFORMANCE Medicine & Science in Sports & Exercise@ 1611
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FIGURE 4-\'02 during each 100-m seg- 9
ment of the 3-km TT in relation to the .~ 3

warm-up condition. To save space individ- :.
ual differences are not indicated, but are ~ 2
summarized in Table 1 for 500-m seg- >
ments. All significant differences occurred
during the first 1500 m of the TT. 1

0
0 500 1000 1500 2000 2500 3000

Distance (m)

The failure to observe a greater augmentation in per- in healthy individuals with a low likelihood of athero-
formance following the more extensive warm-up is con- sclerotic disease (8.», the present results may be consis-
sistent with either a saturation of the warm-up effect, as tent with one of the main tenets of the recently proposed
suggested in the report of Bishop (3), or residual fatigue teleoanticipation hypothesis (21). This hypothesis postu-
from the more extensive warm-up. The similar values of lates that much of the pattern of energy expenditure
blood lactate concentration just before exercise, however, sug- during spontaneous exercise can be understood in terms
gests that fatigue that might be associated with elevations of of a subconscious drive to protect the body from unrea-
blood lactate concentrations is not a likely cause. Given the sonable demands. Although more research is obviously
comparative brevity of both warm-up protocols, it seems un- necessary, the spontaneous downregulation of exercise
likely that depletion of muscle glycogen is an important issue. intensity during the first moments of exercise in the
Together with the report of Bishop (3), the present results are no-warm-up condition would not only provide time for
consistent with the concept that a very extensive warm-up is changes in muscle temperature to occur, but would also
unnecessary for this type of intermediate-duration effort. allow time for the dilation of the coronary vasculature.

Considering the degree to which changes in skeletal Subsequent studies of very heavy exercise performed
muscle mechanics are thought to change with increases in similar warm-up protocols, but with a constant early
temperature, and the possibility that the abnormalities of power output would be instructive relative to whether the
left ventricular function may be ischemic in origin (even differences in V02 kinetics are directly related to the

350

300 ---

~- 250
~
.9-
c3 200
~
~.. 150
::.
.a
e 100
~

-<>-NoWarm-Up
50. FIGURE 5-Calculated aerobic and an- ~EaaYWerm.up

. .. ~HerdWarm.Up
aerobic contributions to power output 0
during each l00-m segment of the 3-km 0 500 1000 1500 2000 2500 3000
TT in relation to the warm-up condition. Distan.e (m)

There were significant differences in the
aerobic contribution to power output only 500
during the first 1500 m of the TT. There
were no significant differences in the an-
aerobic contribution to power output. ~ 400

!
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~ FIGURE 6-Pattern of blood lactate ac-
~ cumulation during the 3-km TT in rela-
e tion to the warm-up condition. Although
';' I there was a significantly greater blood lac-
; tate concentration at the end of the hard
~ warm-up trial, there was no difference in
~ blood lactate concentration immediately
~ before the beginning of the trial, nor were

there differences during the postexercise

period.

-25 -20 -15 -10 -5 0 5 10 15
Time Relative to Start (mln)

warm-up or secondary to the lower power output in the However, until an acceptable method can be developed to
no-warm-up trial. measure changes in efficiency, we feel that there is suf-

One of the limitations of this study is the necessity of ficient precedent to use the efficiency, which was calcu-
assuming that efficiency measured during submaximal lated as in previous studies (13,14,16).
exercise is representative of efficiency during very high- The present study demonstrates that there is a significant
intensity exercise. This is an untested assumption, con- improvement in cycle TT performance attributable to warm-
strained by lack of an accepted method of measuring up, the magnitude of performance enhancement being about
efficiency during high-intensity exercise. If for no other 2-3%. Such performance enhancement seems to be associ-
reason, the profound increase in ventilation, which the ated with an augmentation of aerobic metabolism attribut-
substantial increase in the V02 attributable to breathing, able to warm-up rather than to a sparing of anaerobic ener-
would be expected to reduce the efficiency of exercise. getic sources (24,28).
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