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ABSTRACT

The perceived exertion has been a target of several investiga-
tions, many times with association with objective physiological in-
dicators in exercise. Recently, the identification of the perceived
exertion threshold (PET) was proposed in the water running, which
presented no difference in relation to the critical velocity. Theoret-
ically, both parameters would be indicators of the maximum steady
state of variables such as VO2 and blood lactate. The objective of
this work was to verify the coincidence between PET, critical pow-
er (PCrit) and an indicator of maximum VO2 steady state (PCrit’) in
cycle ergometer. Eight male participants were submitted to pro-
gressive effort test in order to determine VO2peak (46.7 ± 8.5 ml/kg/
min) and to four rectangular tests until exhaustion for the estima-
tion of the critical power model parameters, PET and PCrit’. The
hyperbolic relation between mechanical power and time spent for
the VO2peak to be reached in each test was used for the PCrit’ esti-
mation, considered as the asymptote in the power axis, and the
portion of the anaerobic work capacity (CTAnaer) depleted up to
the establishment of the VO2peak (CTAnaer’). In order to identify
PET, the straight lines angular coefficients of the perceived exer-
tion in time (ordinate) and the powers used (abscissa) were adjust-
ed to a linear function that provided a point in the power axis in
which the perceived exertion would be kept indefinitely stable. The
parameters PCrit and CTAnaer were estimated by means of the
power-time non-linear equation. In order to compare the estima-
tions of PET, PCrit and PCrit’, the analysis of variance ANOVA was
employed for repeated measurements, and the associations were
established through the Pearson correlation. CTAnaer and CTAnaer’
were compared through the t test. PET (180 ± 61), PCrit (174 ± 43)
and PCrit’ (176 ± 48) were not significantly different and the corre-
lations were of 0.92-0.98. CTAnaer’ (14,080 ± 5,219 J) was lower
than CTAnaer (22,093 ± 9,042 J). One concludes that the PET pre-
dicts the intensity of PCrit and PCrit’ with accuracy.

INTRODUCTION

Recently, it was proposed that the subjective effort perception
could be used in the determination of the critical velocity in the
water running(1). It was observed that the perceived exertion (15-
points Borg(2) scale) increased linearly during rectangular tests at a
rate proportional to the running intensity. By means of linear ex-
trapolation of the relation between velocity and perceived exertion
increase rate, it was possible to estimate an intensity in which,
theoretically, this psychophysical variable would be kept indefinitely
stable. This intensity, called as perceived exertion threshold (PET)
was not different from the critical velocity and both presented high
correlation. The critical running velocity, derived from the Monod
and Scherrer(3) critical power model, corresponds to the intensity
of maximum VO2

(4) and lactate(5) steady state. Therefore, this ve-
locity is considered as an aerobic capacity measurement. Not many
investigations searched to combine the critical power model with
perceived exertion(6,7).

The perceived exertion seems to result from the integration of a
series of afferent information originated from sensorial structures
situated at the active skeletal muscles and the cardiorespiratory
system(2). These structures would be primarily stimulated by the
metabolic acidosis associated to the drop on the muscular and blood
pH(8), mainly because the severe intensities(9) employed in the PET
determination would induce a non-steady state of the lactate con-
centration in the different body compartments. Thus, the efferent
neuromotor activity would need to be increased in order to com-
pensate the peripheral fatigue triggered by the contractile failure
and to increase the pulmonary ventilation, also modulating the
perceived exertion(10). This compensatory phenomenon may be
verified through the increasing electromyographic activity of knee
extensor muscles during constant severe workloads in cycle ergo-
meter(11,12). The hypothesis(1) that the increase on the perceived
exertion would be proportional to the depletion of the anaerobic
work capacity (CTAnaer) was raised, variable also predicted by the
critical power model(3,13), being defined as the energy supply origi-
nated from phosphagen supplies and from the anaerobic glycoly-
sis mobilization resulting in lactacidemia. Thus, the perceived ex-
ertion would have close relation with the constructs of the critical
power model.

Hill and Smith(14) proposed a technique to estimate the intensity
associated to the maximum VO2 steady state with the adoption of
some presuppositions of the model. According to Gaesser and
Poole(9), this intensity indicates the transition between heavy and
severe effort domains. Hill and Smith(14) submitted subjects to three
rectangular tests in cycle ergometer that induced exhaustion be-
tween 1-10 minutes. In each test, the time spent for the VO2peak to
be reached was measured. The power x time relation up to VO2peak

(tVO2peak) was adjusted to a hyperbolic function equivalent to the
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function proposed by Monod and Scherrer(3). The asymptote of the
hyperbola generated would be equivalent to the power in which
the time spent for the VO2peak to be reached would be infinite. The
curvature degree of the hyperbole in joules would be the average
amount of aerobic energy required for the VO2peak to be reached in
each load. This value of mechanical work is below CTAnaer. How-
ever, the asymptote of the power x tVO2peak relation was not differ-
ent from the group’s critical power (PCrit), on average, defined from
the asymptote of the power x time relation until exhaustion. The
validity of the equality between PCrit and the maximum VO2 steady
state directly measured was demonstrated by Poole et al.(15,16). In
both studies, in prolonged exercise at PCrit, the stabilization of
VO2 at around 80% of its maximum value was observed, where
with a load increment of only 5%, this variable increased up to
reaching VO2peak, generating exhaustion in a few minutes. There-
fore, the technique of Hill and Smith(14) seems to have physiologi-
cal support.

The hypothesis of this study was that the PET would compose
the indirect and alternative measurement of the transition between
heavy and severe effort domains(9), once in this adjacent portion
between domains, not only physiological variables would present
stability along time, but also the own perception of effort that, ac-
cording to the current models(17), composes a complex and inte-
grated central representation of the several body functions acutely
modified by exercise.

The objective of the present study was to enlarge the PET phys-
iological description by extending its application to a type of exer-
cise (cycle ergometer) different from the exercise originally pro-
posed (water running). Moreover, one intended to verify the
equivalence of the PET estimated in cycle ergometer, in relation to
the PCrit and to the indicator of maximum VO2 steady state pro-
posed by Hill and Smith(14).

METHODS

Subjects

Eight male young individuals with 21.4 ± 4.2 years of age, 180.0
± 5.4 cm of stature and 74.5 ± 4.9 kg of body mass participated in
this study. All participants signed the free and informed consent
term. The procedures adopted in this investigation were approved
by the Researches Ethics Committee – Unesp/Rio Claro.

Test for the VVVVVO
2peak

 determination in progressive effort test

The progressive effort test was conducted in a Monark   cycle
ergometer with mechanical resistance. The ventilatory variables
were determined with the use of a VO2000 (Aerosport Inc.). The
equipment used for the analysis of the gas exchange was calibrat-
ed before each effort tests based on a sample of environment gas
(20.9% of O2 and 0.04% of CO2) and on a sample from a cylinder
with known O2 (17%) and CO2 (5%) concentrations. Moreover, the
flow of gases to the device was calibrated with a three-liters sy-
ringe, according to the manufacturer’s standardization. The gas
analyzer was adjusted in order to analyze the gases exhaled each
three ventilatory incursions. The heart rate (HR) was monitored
during the entire test in the beat-to-beat mode by means of a Po-
lar® Heart Rate Monitor – model S810i.

The participant remained sitting for three minutes on the cycle
ergometer before the test started for the measurement of the HR
in rest and ventilatory variables. Later, the participants pedaled for
three more minutes with no external resistance. With no interrup-
tion, the progressive effort test was conducted with initial load of
20 W and load increments of 20 W per minute until voluntary ex-
haustion. The participants were verbally encouraged by the inves-
tigators. The average of the VO2 values reached in the last six mea-
surements previous to exhaustion was considered as the VO2peak.
For the next stages of the study, the confidence interval (CI 95%) of
the final VO2 values was also calculated.

The criterion proposed for the VO2peak value to be accepted was
that the HR in the last stage of the test would reach the range of ±
10 bpm in relation to the maximum value predicted by the age of
each subject, that the respiratory exchange ratio (RER) was above
1.1 and that the subjective reported effort based on the 15-point
Borg scale was above 19 at the final moments of the test. The VO2

plateau criterion was not included because the individuals presented
no visual evidences of stabilization for this variable in the protocol
adopted.

Tests for the estimation of PCrit and CTAnaer

Each individual performed four rectangular exercise trials in the
Monark   cycle ergometer with the objective of estimating the pa-
rameters of the critical power model. All participants had been fa-
miliarized to the ergometer and to the type of effort in two exhaus-
tive rectangular sessions in days preceding the beginning of the
collection of conclusive data. Before each test, a five-minute warm-
up exercise with 30-40 W of resistance was performed. After same
duration period for recovery and preparation, the test started. A
minimum of 24 hours of interval was applied between tests in or-
der for the residual fatigue not affect the next load. The partici-
pants were told not to perform intense efforts in days between
tests and preferentially not to ingest any type of food two hours
before tests. The intensities were individually selected so that the
efforts lasted as long as 1-10 minutes(18). Eventually, some sub-
jects performed loads which duration exceeded 10 minutes. How-
ever, none of them lasted longer than 15 minutes or shorter than 1
minute. No information was given to participants with regard to
the intensity of loads and expected duration of tests. Due to the
relative heterogeneity of the group, the rectangular loads employed
presented average power ranging from 160 and 350 W.

The individual data regarding power and time until exhaustion
were adapted to the non-linear equation below for the estimation
of PCrit and CTAnaer. In previous works(1,19), linear equations arith-
metically equivalent were presented for the calculation of the pa-
rameters(20). However, only equation 1 was selected because this
equation respects the mathematical rule of power allocation as
independent variable and time as dependent variable(21), and this
configuration is compatible with the experimental condition adopt-
ed in this study.

Time = CTAnaer/(power – PCrit) (equation 1)

Estimation of PCrit’ and CTAnaer’

During tests for the estimation of PCrit and CTAnaer, the individ-
uals had their pulmonary gas exchanges monitored in VO2000. The
calibration procedures of gases concentration and their flow to the
device were the same as those adopted for the performance of
the progressive effort test. Once again, the equipment was adjust-
ed in order to perform the analyses each three ventilatory incur-
sions. During each one of the exhaustive tests, the time required
for the individual to reach VO2peak (tVO2peak) was recorded, which
was determined in the progressive effort test. Due to oscillations
inherent to the VO2 measurement performed within reduced time
intervals, the period elapsed until the first moment in which this
measurement reached CI95% of the VO2peak was adopted as the
time spent until VO2peak. The criterion adopted was that from five
consecutive readings, at least three were within CI95%, established
based on the last six VO2 measurements of the progressive effort
test. The time spent until the first VO2 reading in this condition
was recorded as tVO2peak. This tolerance was allowed because the
VO2 usually reaches asymptotic values – plateau – in severe do-
main tests just at the moment in which it reaches its maximum
value. Thus, it is quite common that some measurements at this
region of the VO2 kinetic curve oscillate downward, temporarily
remaining out of the CI95%. Besides, close to the end of the test,
the participants tend to reduce the pedal rotation velocity due to
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fatigue when the power is momentarily decreased, what may lead
to readings below the tolerance interval to consider VO2 as the
peak value.

The individual data regarding power and tVO2peak were adapted to
equation 2 below, equivalent to equation 1 for the estimation of
PCrit’ and CTAnaer’.

TVO2peak = CTAnaer’/(power – PCrit’) (equation 2)

where PCrit’ corresponds to the indicative of maximum VO2 steady
state and CTAnaer’ corresponds to the mechanical work deriving
from anaerobic supplies spent until VO2peak is reached(14).

Estimation of PET

During the four exhaustive tests, the individuals were instruct-
ed to report the perceived exertion according to the 15-points Borg
scale each 30 seconds of exercise. The angular coefficient of the
regression straight line between time as independent variable and
the individual perceived exertion values attributed during each test
was determined through linear regression. The angular coefficients
of the four straight lines (perceived exertion increase rate) obtained
with this procedure were used in order to estimate the parame-
ters of the linear regression straight line in function of the power
generated in the four tests. The PET was defined as the intensity
corresponding to the intersection point of the regression straight
line in the power axis (x), in other words, it would be equivalent to
the intensity in which the perceived exertion increase rate would
be equal to zero. Figures 2 and 3 exemplify these procedures in a
representative individual.

Statistical treatment

Parameters PCrit, PCrit’, CTAnaer and CTAnaer’ were estimat-
ed by equations 1 and 2 by means of nonlinear regression proce-
dures. The comparison between estimations of PCrit, PCrit’ and
PET was performed through the analysis of variance (ANOVA) for
repeated measures. The CTAnaer and CTAnaer’ values were com-
pared through a t-test for paired samples. The Pearson correlation
coefficient was used to verify associations between PCrit, PCrit’
and PET estimations. The significance level adopted for all analy-
ses was of P < 0.05.

RESULTS

The VO2peak reached in the progressive effort test by the sample
studied was of 46.7 ± 8.5 ml/kg/min. The rectangular tests used
for the prediction of parameters of the critical power model, PCrit’,
CTAnaer’ and PET presented power values equivalent to 216 ± 35
W, 239 ± 40 W, 262 ± 40 W and 288 ± 41 W on average. The
respective durations were of 547 ± 121 s, 364 ± 52 s, 263 ± 49 s
and 182 ± 35 s.

Figure 1 (upper curve) illustrates the hyperbolic relation between
power and time until exhaustion of a representative individual. The
same figure (lower curve) represents the relation between power
and time spent to reach VO2peak in each test. In this individual, a
coincidence between asymptotes was observed. In the group as a
whole, the behavior was similar, once PCrit and PCrit’ were not
significantly different (P > 0.05) (table 1). The correlation between
both parameters was of 0.96. CTAnaer’ and CTAnaer were equiva-
lent to 14,080 ± 5,219 and 22,093 ± 9,042 J, respectively.

Figure 2 shows the behavior of the perceived exertion along
time during the four rectangular tests of a subject from the sam-
ple. One could observe a good linear adjustment of this variable in
function of the duration of each test (r2 between 0.89 and 1.00). In
some cases, the visual verification showed that the first perceived
exertion value reported did not fit the regression straight line formed
by the remaining experimental points. In this case, this value was
excluded from the analysis, what generally increased the value of
r2. There were also occasions in which the last points repeated on
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Fig. 1 – Relation between power and time until exhaustion (full circles and
continuous line) and between power and time until VO2 max is reached (empty
circles and dotted line) of a representative subject with the same asymp-
tote in axis x for both curves
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Fig. 2 – Increase on the perceived exertion along time in exhaustive rect-
angular tests of a representative subject
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Fig. 3 – Determination of the perceived exertion threshold (PET) through
linear regression between perceived exertion increase rate and power of a
representative subject
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TABLE 1

Average values (± SD) of critical, power (PCrit), indicator of

maximum VVVVVO
2
 steady state and perceived exertion threshold (PET)

PCrit (W) PCrit’ (W) PET (W)

174 ± 43 176 ± 48 180 ± 61
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the number 20, which is the maximum value of the scale. This
usually occurred in the longest tests. These points also weakened
the linearity tendency of the rest of the curve. Thus, these values
were also excluded in order for the linear portion of the curve to be
described with the best adjustment by the regression equation.

The PET calculated as the example of a case shown in figure 3
was not significantly different (P > 0.05) from PCrit and PCrit’ (ta-
ble 1). A high correlation between PET and PCrit (r = 0.98) and
PCrit’ (r = 0.92) was observed.

DISCUSSION

According to Gaesser and Poole(9), three effort domains may be
distinguished based on the kinetic behavior of some physiological
variables in exercise. The first one, called as moderate, involves
the effort intensities that can be supported without induction of
the lactic acidosis; therefore below the lactate threshold. In this
domain, the VO2 presents a mono-exponential increase at the first
180 seconds of rectangular load, reaching steady state after this
period. The heavy exercise domain presents the workload in which
the balance between lactate production and removal is favorably
disposed to the first one as lower limit and the load corresponding
to the maximal lactate steady state that is coincident with PCrit as
upper limit. In this domain, after the initial 80-110 s of exercise, a
low component of the VO2 kinetics is superposed to the fast com-
ponent, causing a delay on its stabilization. This additional oxygen
volume consumed in function of time causes loss of linearity of
the relation between steady state VO2 and the load, observed in
the moderated domain. In the third domain, called as severe, there
is no stabilization of the VO2 neither of the lactate. Both parame-
ters increase inexorably up to the occurrence of exhaustion, when
the VO2 invariably reaches its maximum value.

In the theoretical model presented by Gaesser and Poole(9), the
perceived exertion maximum steady state is not expected to oc-
cur at intensity corresponding to the PCrit. However, due to the
fact that the perceived exertion is currently understood as a com-
plex and integrated central representation of the several body func-
tions modified by exercise(17), one may infer that its behavior along
time resembles that of the lactate and VO2 at intensity correspond-
ing to the transition between intense and severe domains. Thus,
the main objective of this work was to test this hypothesis directly
by means of comparison between PET, PCrit and an indicator of
maximum VO2 steady state. To our knowledge, this application of
perceived exertion through the 15-point Borg scale is original. How-
ever, other authors have proposed techniques to estimate indica-
tors of aerobic capacity with the use of effort subjective scales
including the adoption of purposes of the critical power model.

Capodaglio and Saibene(6) used 10-point Borg perceived exer-
tion scale – CR10(2) in order to estimate the sustainable mechani-
cal power in daily activities of elderly individuals in cycle ergome-
ter both for upper limbs and for lower limbs. This intensity is below
PCrit traditionally estimated based on exhaustive tests in elderly
individuals(22,23). The tests proposed by Capodaglio and Saibene(6)

were not conducted until voluntary exhaustion but rather until the
moment in which the perception of effort reached the “heavy”
level with 5 in the Borg CR10 scale. The values of mechanical work
and time until this point in 5-6 tests were adjusted to the work-
time linear equation(20). The inclination of the regression straight
line was considered as the supportable intensity for daily activities
and corresponded to about 55% of the maximum power reached
by lower limbs, being easily maintained for 30 minutes with heart
rate of approximately 114 bpm, reduced elevation on the blood
lactate (2.2 mM) and concentration near to that associated to the
lactate threshold occurrence.

In other work, Garcin et al.(7) showed that the perceived exertion
reported in the active musculature in the fifth minute of predictive
trials of the parameters of the critical power model in cycle ergom-

eter and in knee extension exercises was negatively correlated (r
= –0.78 and –0.80) with the logarithm of time until exhaustion.
Moreover, it was positively correlated (r = 0.76 and 0.85) with the
percentage of PCrit used in the test and with the electromyographic
activity at the same collection moment (r = 0.70 and 0.58). Thus,
the authors concluded that the perceived exertion at a fixed point
(five minutes) of exhaustive tests could be considered as an indi-
cator of aerobic capacity, once it predicts the tolerance to effort,
the CTAnaer utilization magnitude and the neuromuscular activa-
tion degree related to fatigue.

Finally, Okura and Tanaka(24) also searched to estimate a sub-
maximal indicator of aerobic capacity and the ventilatory threshold
by means of a 15-point Borg scale. Subjects from a validation group
performed incremental test (90 kgm/min) in mechanical cycle er-
gometer up to the value of 15 of perceived exertion in the legs
was reached in that scale. Along with age, the load of occurrence
of value 15, expressed as mlO2/min, was adjusted to an equation
through multiple regression procedure in order to predict the ven-
tilatory threshold. The equation seemed to be satisfactory, once
the estimation standard error of the ventilatory threshold estimat-
ed in relation to the observed one, in percentage terms, was of
only 13.3%. Furthermore, the cross-validation group obtained good
prediction indexes of the ventilatory threshold based on the use of
the equation proposed. However, it is worth mentioning that this
type of procedure for the proposition of predictive equations of
aerobic capacity indicatives based on the perceived exertion is pro-
tocol-dependent; in other words, the use of a test protocol differ-
ent from the protocol originally proposed may generate estima-
tions distant from the actual estimations.

None of the studies mentioned above had as objective the esti-
mation of the exercise intensity corresponding to the maximum
VO2 steady state based on the perceived exertion that indicates
the transition of effort domains. Moreover, in none of them, a data
collection protocol regarding the follow-up of the perceived exer-
tion x time curve behavior was adopted, once the authors used
either the fixed submaximal perceived effort to finalize the test or
the fixed time with no exhaustion. The authors did not attribute a
well-defined physiological or psychological meaning to the per-
ceived exertion that would allow the establishment of a causal re-
lation with other relevant variables in the exercise.

However, according to the hypotheses raised in our previous
study(1), the estimation of PET is based on the presupposition that
the increase on the perceived exertion would occur at a rate de-
pending on the H+ accumulation as result of the CTAnaer utiliza-
tion. This peripheral disturbance would generate a necessity to in-
crease the afferent stimuli to the active muscles, corroborated by
the increase on the electromyographic activity reported in exer-
cise protocols similar to ours(11,12). Both sources of information (af-
ferent and efferent) would be potential feeders of the perceptive
response generation(10). Therefore, the perceived exertion increase
rate equal to zero would be associated to the exercise state in
which the anaerobic supplies would not be used, what would coin-
cide with PCrit and with the maximum VO2 steady state.

Indeed, the results of this study seem to confirm those hypoth-
eses. The values of PCrit, PCrit’ and PET were equal to 174 ± 43,
176 ± 48 and 180 ± 61 W, respectively, and not significantly differ-
ent (P > 0.05). Moreover, the correlations between them were high
(r = 0.92 – 0.98). CTAnaer’ and CTAnaer were estimated in 14,080
± 5,219 and 22,093 ± 9,042 J, respectively. The fact that CTAnaer’
is significantly smaller than CTAnaer indicates that a portion rela-
tively fixed of the muscular anaerobic supply should be used in
order for the VO2peak to be reached and that other portion of this
supply should be used after reaching VO2peak, leading to exhaus-
tion. The physiological meaning of this finding is not clear.

According to Hughson et al.(25), the “error signal” for the cardio-
respiratory system to increase VO2 is established by the differ-
ence between the actual value and the value required for the main-
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tenance of the metabolic rate fixed by the exercise. In severe exer-
cise, these values are never equal. A fast adjustment on the VO2 is
desirable as the velocity of the O2 deficit accumulation is mini-
mized, generating lower levels of lactic acid. However, these ad-
justments are limited by the capacity of the cardiovascular system
of redistributing the blood flow fastly and maintaining blood pres-
sure within adequate levels, making the VO2 increase kinetics, giv-
en by the time constant (τ) to be slower in severe exercises than in
moderate intensities(25), above all when close to VO2 plateau in
severe rectangular tests(26). Thus, it seems that the increase on
rest VO2 up to its maximum value in rectangular exercises per-
formed in the severe domain is generated by an “error signal”
associated to a fixed anaerobic cost (~ 64% of the CTAnaer). The
persistence of the “error signal” leads to the CTAnaer depletion
and to the lactate linear increase. Below PCrit, this anaerobic cost
is minimized, once in some moment of the exercise, the sign of
physiological error seems to be equal to zero, allowing the stabili-
zation of the physiological and psychological variables indicative of
internal work of the organism.

The rectangular tests conducted in this study for the estimation
of PET, PCrit, PCrit’ and the anaerobic variables, generated the in-
dividual VO2peak values in all cases presented. However, it is worth
emphasizing that an individual was excluded from the sample be-
cause he was not able to reach values near to CI95% established in
the progressive effort test in none of the exhaustive loads. Thus,
one may infer that not all individuals responded to exercise allow-
ing the identification of PCrit’ and CTAnaer’. So, we have consid-
ered PET as an alternative estimation of the maximum VO2 stabili-
zation intensity in cycle ergometer, once the results found supported
this equivalency.

Methodological differences between our study and the study
conducted by Hill and Smith(14) may be emphasized. In that study,
the VO2 collections were performed each 15 seconds and the
VO2peak was considered as the highest average value of 30 sec-
onds (two samples) during each load. The tVO2peak was considered
as the time elapsed from the beginning of the rectangular load
until the middle of the 15-second interval in which the VO2peak was
reached. In the present study, we adopted a fixed VO2peak value,
measured in progressive effort test with tolerance given by the
CI95%. In addition, the samples of exhaled gases for the VO2 calcu-
lation were collected each three ventilatory incursions, making the
intervals between records of the physiological variable irregular.
Thus, similar results were obtained in both investigations with re-
gard to the equality of PCrit and PCrit’.

A limitation of this study was the absence of prolonged rectan-
gular exercise sessions at intensity corresponding to PCrit, PCrit’
and PET with the objective of corroborating the VO2 stabilization at
levels below VO2max and the perceived exertion in values below
20, which is the highest possible value in the 15-point Borg scale.
It is possible that in the intensity associated to these physiological
indicatives of aerobic capacity, the perceived exertion would not

present steady state, what would not necessarily make the con-
clusion of this study unfeasible. One may speculate that the in-
crease on the perceived exertion along the exercise out of severe
domain (heavy and moderate) would be given by other factors such
as the glycogen depletion and the increase on the body tempera-
ture rather than the CTAnaer utilization. Moreover, the electromyo-
graphic signal measurement during severe predictive trials and
during rectangular sessions in the transition between heavy and
severe domains could provide some hints on the causal relation
between neuromuscular activation and perceived exertion. We in-
tend to test these experimental conditions in further studies.

From the practical point of view, the PET seems to be an inter-
esting alternative in the prediction of PCrit and maximum VO2 steady
state. All these indicatives are associated to the aerobic capacity
of individuals and could be employed in its evaluation, in the mon-
itoring of training-induced alterations and also as parameter for the
prescription of aerobic training. The advantage of using PET in rela-
tion to the technique proposed by Hill and Smith(14) to estimate
PCrit’ is its simplicity, where the use of any equipment is dispens-
able and for allowing the follow-up of the subjective effort per-
formed at different loads, which composed an integrated response
of the stress external conditions imposed by exercise. Theoretical-
ly, it seems that the PET validity implicates the addition of new
elements to the critical power model traditionally investigated as a
purely energetic model, also presenting an impact on the notion of
effort domains transition(9). The relations between the concept of
error signal of Hughson et al.(25) in the induction of the VO2 increase,
concomitantly reduced to the use of part of the CTAnaer also de-
serve attention in further studies.

CONCLUSIONS

The results of the present study corroborate original findings of
Nakamura et al.(1) in water running, that PET may be an alternative
measurement of PCrit, estimated in this study by means of cycle
ergometer tests. Moreover, these variables were also equivalent
to the indicative of maximum VO2 steady state or PCrit’. Thus, one
concludes that PET is defined as an indirect technique for the de-
termination of the transition between severe and heavy effort do-
mains(9), where theoretically the physiological variables including
VO2 and the psychological variables (perceived exertion) would
present steady behavior, allowing the performance of prolonged
exercises.
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