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ABSTRACT ~

CROUTER. S., C.FOSTER, P. ESTEN, G. BRICE, and J. P. PORCARI. Comparison of incremental treadmill exercise and free range

; running. /\-led. Sci. Sports £terc., Vol. 33, No.4, 2001, pp. 644-647. Purpose: The aim of this study was to compare physiological

i; responses during incremental treadmill exercise and free range running. Methods: Fifteen competitive cross-country runners perfont1ed
i;~ an incremental treadmill test and an un paced I-mile run on an indoor 200-m track. Physiological variables (Y02peok' HRpeok'

J! Y<?2.HR.1pe-oIk' Y Ep"ok) were measured using a portable metabolic analyzer. Blood lactate was measured post exercise. Outcome

t variables were analyzed with repeated measures ANOV A. Results: Although directionally similar to previous studies with cycle
[1 ergometry, the observed peak values (track vs treadmill) for Y02 (63.0 :!: 7.4 vs 61.9 :!: 7.2 mL.kg-l.minl), YE (147 :!: 37 vs 144 :!:
t: 30 L.min'), HR (188 :!: 5 vs 189 :t 7 beats.minl), and Y02.HR-1 (22.1 :t 4.4 vs 21.5 :t 4.5) were not significantly different. The
¥: observed peak values for blood lactate (14.4 :t 3.3 vs 11.7 :!: 3.0 mmol.L -I) were significantly (P < 0.05) different. Conclusions: The
i results are not in full agreement with previous findings from cycling studies with the exception of post exercise blood lactate. Whether

this represents a fundamental lack of effect of free range exercise or is related to mode specificity remains to be detent1ined. Key

Words: EXERCISE TESTING, SPORTS PHYSIOLOGY
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I ncremental ergometry is the ordinary laboratory tech- ergometers. Treadmills have generally been too slow to
I nique for evalua~ing p~ysiolo.gical responses to exercise ~espond to int~~ded :ariati.ons in velocity to allow for mean-

. ! and for evaluatIng dIagnostic markers, such as peak mgful competitIve sImulatIons. However, with the advent of
oxygen uptake (V02peak)' ventilatory threshold (V T), and lightweight, portable respiratory gas analysis systems, it is
peak heart rate (HRpeak)' which have been shown to be well now feasible to perform competitive simulations in the field

" correlated to endurance performance (4,7,9,10,13,17,21,26). rather than in the laboratory. Thus, the purpose of this study
: : The concept of using incremental ergometry for measuring was to comparePhysiological responses (YO., ~'-, HR .kj' -pc"" pea '

~ exercise capacity is based on early work suggesting a pla- peak oxygen pulse (V02peak.HR -lpeak)' peak blood lactate
:. teau in oxygen uptake Y02) despite increasing workloads (BL~ak)' and peak ventilation (V Epeuk)) between incremen~

(16,25) and on studies demonstrating that continuous incre- tal exercise (a horizontal treadmill YO., test) and free_max
mental exercise protocols produce Y02peuk values compa- range exercise (a I-mile run) to test the hypothesis that free
rable to those observed in the classical discontinuous pro- range exercise would provoke greater physiological re-
tocols (14). sponses than conventional incremental ergometry.

However, incremental exercise is not how humans ordi-
narily perform exercise. Most typically, athletes are trying METHODS
to minimize the time to achieve a fixed amount of work
(e.g., get to the finish line as quickly as possible). Recent Subjects. Fifteen collegiate runners (10 male, 5 temale)
studies in which this (free range) pattern of exercise was volunteered to participate. The subjects were cross-country
used have demonstrated a greater magnitude of physiolog- runners and had consistently trained on a regular basis (~5
ical responses than observed during conventional incremen- d.wk-'). The average (:t SD) weekly volume of training wa,-;

i tal exercise (5,6,11,20,22-24). These studies call into ques- 110 :t 9 and 82 :t 6 km.wk-1 for the male and females
! tion, at a fundamental level. the reasoning behind the subjects, respectively. Descriptive data of the subjects are
! .: concept of maximal oxygen uptake (V02mux) and similar presented in Table I. All subjects were informed of the
1:.) concepts based on incremental ergometry. Studies of free testing procedures and requirements and provided intormed
! : range exercise have. until now, primarily been limited to consent before testing. The protocol had been previously
:,' cycle ergometry simply because ergometric technology has approved by the University IRB.
: facilitated competitive simulation with specialized cycle Protocol. Respiratory metabolism was measured using
~ open-circuit spirometry with a lightweight portable meta-

OI95-9131/01/33(~-O6-l4/53.00/0 bolic system (K-'tb2, Cosmed. Rome, IT). Heart rate (HR)
MEDICINE & SCIENCE IN SPORTS & EXERCISE,,", was monitored using radiotelemetry (Polar Vantage XL.
Cllpyright (!) ~()()I by tho: Amo:ric:ln Cllllo:go: of Spon~ Medicino: Polar lnstr~ments. Port Washington, NY). Oxygen con-
Received far public:ltion M:lrch 2001). sumption (VO::). ventilation, HR. and RER were recorded
A.:cepted for public:ltion Juno: ~Ot)o. continuously and expressed as min values based on a rolling
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- TABLE 1. Characteristics of subjects (:t 50)_- the last 400 m (Fig. I, top). During the mile run, YO",
Male Female increased over the first 400 m and then essentially leveled

Age (yr) 19.4:: 1.6 19.6:t 1.5- off with only slight variation for the next 1200 m (Fig. I,
. Hel~ht (cm) 184 :: 5 167::: 4 middle), Durincr the mile run the pattern of YO chanaesWeight (kg) 68.4 ~ 5.4 57.4 ~ 2.4 . ." , ... ."'.'"

VO2pea. (L.min-')' 4.51 :: 0.50 3.10::: 0.26 dId not seem to be related to variations m velocity m that
VO2P.a~ (mL.min-1.kg-1)a 65.9::: 4.6 54.0 ~ 3.7 YO., did not change during the slow down during the middle
HApea. 188 ~ 8 191 ~ 6

f th- d . h . I I . .
% VO2 at VT* 76.3 ::: 9.1 75.2 ~ 8.9 0 e run, nor unng t e termma acce eratlon (FIg. 1,

% VO2 at ACT' 91..4 ~ 5.1 92.4 ~ 7.1 bottom).
Peak treadmill velocity (m-s-I) 5.88 ~ 0.34 5.25 ~ 0.44 Th ' ] f Y. 0 d . cr' .
Mile PA (s) 271.40 ~ 10.30 340.4 :t 17.76 e serla response 0 2 urm." the Incrementallabo-

'Treadmill max test. ratory test is presented in Figure 2A. Serial responses of the

group averages during the I-mile run versus the incremental
laboratory test for YO", are shown in Figure 2B. The ob-

l-min integration of the data. Preliminary data of ga.o; ex- served peak values (track vs treadmill) for YOz (63.0 =. 7.4
change measurements with this metabolic system suggest its vs 61.9 =. 7.2 mL.kg-'.min-I)'YE (147 =. 37 vs 144 =. 30
general validity (15). The portable metabolic system was L.min-I), HR (188 =. 5 vs 189 =. 7 beats.min-I), and
used for both the treadmill and free range exercise studies YOz.HR-' (22.1 =. 4.4 vs 21.5 =. 4.5) were not significantly
and was calibrated using reference gases and a calibration different. The peak values for BLa (14.4 =. 3.3 vs 11.7 =. 3.0
syringe. Each subject completed, in random order, both an mmol.L-') were significantly different (P < 0.05).
incremental treadmill test to fatigue and a I-mile (1609 m)
time tri~l. . DISCUSSION

The Incremental test was performed on a motor dnven
treadmill. Before testing, the subjects warmed up by walk- Contrary to previous studies, the physiological responses
ing for 5 min at 1.6 m.s-1 and 5% grade. The subjects then during free range exercise were not significantly different
performed a treadmill protocol at a constant I % grade whichstarted at 3.3 m.s-' and 2.8 m.s-' for the men and women, 657 !'~Ii/i' . ''If,

respectively. Every 2 min the speed was increased by 0.6 ~ 6 ~~~~~;~:!~ ,:-::.,,"
m.s.-' an.d 0.4 m.s-1 for the men and women, respectively, g;.5 ..:';,:,~
until fatI~ue. After the test, a ~lood sample was t~en from t.~ ~::;:,:!;[~t
a fingertip at 1, 3, 5, and 7 mm of recovery (walkmg) and "Q; 4 ;,:;;'"
analyzed for blood lactate concentration using an enzyme >3.5 "::i~"
electrode system (YSI Sport, Yellow Springs, OH). Peak 3'~
blood lactate concentration was derived by interpolation. 0 200 400 6°'bis~e (1R~rsFOO 1400 1600 1800 .j~

The I-mile time trial was Performed on a 200-m indoor ".-~. . 80 '
track. The mile was run solo and was conducted with the ;
metabolic system and HR monitor in place as described for :;-70 '

0
the treadmill protocol. The subjects were instructed to run as ~60. -
hard as they could with the intent of completing the mile in :550
minimal time. To facilitate pacing, intermediate times were ~
called to the subjects and recorded after each 200-m seg- ~40
ment. At the conclusion of the run, blood samples were ~ 30

taken at I, 3, 5, and 7 min of recovery for blood lactate 20
analysis. 200 400 600 Dis~e (~Qrs)1200 1400 1600

Statistical treatment. Mean values of relevant out-
come measures were compared with repeated measures ~ 80 C ~.5

analysis of variance. Pearson correlation coefficients were ":-0 70 6 ~

used to support the means testing. ;. 60 ~&::::=:=::=::=:=: 5.5 ~c: ~

'E 50 5 &;0. '(3- 450RESULTS ~ 40 . 4' ~
0 30The subjects completed both exercise protocols without > 20 ~.5

problems. The average time for the mile run (5: 14 =. 0:37) 200 400 600 800 1000 1200 1400 1600
was only slightly slower than the best competitive mile Distance (meters)

performance by the subjects (4:54 .:!: 0:35). Considering that. . .. FIGURE I-Top: Serial responses of velocity during the I-mile run,
the focus for training ~t the time of the studies was on much measured every 200 m, The thick line with circles represents the mean
longer events, all subjects felt that they had returned a near response, and the thin lines represent individual responses, l\Iiddle:
competitive level performance. During the mile run, running Serial response of va! during .the I-mile run. measured every 200 m.

i ,. 11 t t d . ? Bottom: A verage responses of va! and velocity measured every 200 m
velocity was usua Y grea es unng the first _00 m, then during the I-mile run:'Note the lack of correspondence in changes in
decreased through the 1200 m before an acceleration during va! and velocity during after the first portion of the run is completed.
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80 used to manage the rate of muscle lactate accumulation

~ A without being so large as to cause decreases in central~ 70 oxygen transport (5,6). According to this reasoning, during
-" .
~. 60 incremental exercise when muscle lactate concentratIon

:~ 50 reaches critical levels, exercise must stop even if maximal
-= cardiorespiratory stress has not been achieved. The failure to
E 40 . .fi d .a . h . I . al t-;:; observe srgm Icant Ilierences m most p YSIO OgiC OU -
~ 30 come measures in the present data challenges this interpre-

20 tation. However, on the basis of the reduced duty cycle
,,1"1. ,," ,,() ,oJ ,co ~ .'0 ~ ). ."J ,I"t. -" «o$'~ during running (-10%), compared with cycling (~40%), ~d
Stag~ (ev'ery two minutes working backwards from final stage) the generally smaller degree of muscular loading dunng

running, it may be that there is less of a tendency to reach
critical muscle lactate concentrations during incremental
running, in which case our earlier discussion might still be

70 valid during cycling. Support for this concept is provided by
~ B our earlier observations of reduced V02peak and accelerated
"": 60 lactate accumulation during speed skating, where high mus-

:~ 50 cular forces and a prolonged duty cycle combine to com-
-= promise muscle blood flow (8). To the degree that the duty
~ 40 cycle and muscular forces during cycling or rowing might

\ ~ restrict blood flow, this would provide a rationale for un-
: 30 derstanding the apparent advantage of free range exercise
; ,," ,,~ ,oJ ~ ~ ~ ~ ,~ ."J ,I"t. ," "'~ during cycling and rowing but not during running.

, , «" . .
Time/Distance Recently, there has been renewed interest m the concept

. of V02max with Noakes (18,19) suggesting that the tradi-
FIGURE 2-A: Serial responses ofVOz during the incremental tread- tional concept of a VO plateau is not supported by
mill test, measured every minute, starting with the final minute and . 2max
working backward. The circles and thick line represent the mean, and adequate expenmental data. Others (1-3) have argued for

the thinner lines represent individual responses. B: Mean responses for the traditional concept. The present data, along with previ-
\'Oz during the I-mile run and the incremental test. Final represents OUS data (56 11 2022-24) suggest that the highest VO
the last 200 m for the I-mile run and the last stage for the incremental ': '.' , .. 2

test. The stages are 200 m for the I-mile run and every minute for the observed dunng incremental exerCIse IS not always the

incremental test. greatest V02 that an individual is capable of demonstrating.

In that sense, tht: present data support the arguments put :
than during incremental treadmill ergometry (5,6). Whether forth by Noakes. In the present study, 8 of the 15 subjects

j the failure to ~atch previo~s studies is related to differ~nces demonstrated a platea~ of V02 during incremental exercise
,. between cycling and running or to other factors remainS to (rate of increase in V02 < 50% of tht: average rate of :
3 be determined. In agreement with previous studies, postex- increase during the clearly submaximal portions of the test). ::

ercise blood lactate concentration was significantly greater Of the eight subjects that rt:ached a plateau, during the
during frt:e range exercise. This is likely attributable to the incremental laboratory test, six reached higher values during
longer period at heavy exertion during tre~ range exercise. free range exercise (subgroup mean = 63.6 :!: 7.7 vs 61.1 :!:

Three decades ago, Karlsson and Saltm (12) demon- 7.8 mL.kg-l.minl). In the seven subjects that did not reach
~trated relat!vely co.nstant m~scle ~actate c~ncentrat~ons dur- a plateau during the incremental laboratory test, only two
mg exhaustIve cycling exercise. with durations ranging from achieved a hicrher value during free range exercise (sub-
2 t~ 6 min. .with only s~ightly lowe.r mus:le lacta~t: concen- group mean:; 62.3 :!: 7.5 vs 62.8 :!: 7.0 mL.kg-l.min-I).
tratIo.ns dunng exhaustive. work of 15-mI? duratIon. These These data support the concept that the achievement of a
data Imply that accumulatIon of metabolites (probably hy- plateau during incremental exercise may be un artifact of the
drogen ions) within the muscle was largely responsible for incremental protocol.
the fatigue experienced by the subject. We have interpreted
our previous free runge exercise results with reference to Address for correspondence: Carl Foster, Ph.D., Department of
Karlsson and Saltin's data. suggesting that very brief reduc- Exercise and Sport Science, 132 Mitchell Hall, University of Wiscon-
tions in power output during free range exercise could be sin-La Crosse, La Crosse, WI 54601; E-mail: foster.carl@uwlax.edu.
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