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Abstract

The aim of this study was to test the hypothesis that bicycle training may improve the relationship between the global SEMG
energy andV̇O2

. We already showed close adjustment of the root mean square (RMS) of the surface electromyogram (SEMG) to
the oxygen uptake (V̇O2

) during cycling exercise in untrained subjects. Because in these circumstances an altered neuromuscular
transmission which could affect SEMG measurement occurred in untrained individuals only, we searched for differences in the
SEMG vs.V̇O2

relationship between untrained subjects and well-trained cyclists. Each subject first performed an incremental exercise
to determineV̇O2max

and the ventilatory threshold, and second a constant-load threshold cycling exercise, continued until exhaustion.
SEMG from both vastus lateralis muscles was continuously recorded. RMS was computed. M-Wave was periodically recorded.
During incremental exercise: (1) a significant non-linear positive correlation was found between RMS increase andV̇O2

increase in
untrained subjects, whereas the relationship was best fitted by a straight line in trained cyclists; (2) the RMS/V̇O2

ratio decreased
progressively throughout the incremental exercise, its decline being significantly and markedly accentuated in trained cyclists; (3)
in untrained subjects, significant M-wave alterations occurred at the end of the trial. These M-wave alterations could explain the
non-linear RMS increase in these individuals. During constant-load exercise: (1) after an initial increase, the RMS/V̇O2

ratio
decreased progressively to reach a plateau after 2 min of exercise, but no significant inter-group differences were noted; (2) no M-
wave changes were measured in the two groups. We concluded that the global SEMG energy recorded from the vastus lateralis
muscle is a good estimate of metabolic energy expenditure during incremental cycling exercise only in well-trained cyclists.
 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Exercise on a cycloergometer is commonly used in
sport medicine. Ordinarily, the estimation of muscle
metabolism is based on measurements of heart rate, lac-
tate production, oxygen uptake (V̇O2

), and the determi-
nation of the ventilatory threshold characterized by a
non-linear increase in minute ventilation. However, a
pivotal variable, i.e., the global electromyographic
activity (root mean square, RMS), is less used.
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Studies measuring RMS from surface electromyogra-
phy (SEMG) during dynamic leg movements are quite
numerous [1,4,5,7,9,10–13,15,18–21,24,28]. Some of
these studies reported a non-linear RMS increase during
incremental exercise[11,12,28], whereas others found
that the global EMG activity increased linearly with
increasing load at constant speed[7,15,19].

The interpretation of SEMG changes in terms of
modifications of the central motor drive to muscles may
be valid when there is no concomitant alteration of the
neuromuscular propagation explored by recording the
compound evoked muscle mass action potentials (M-
wave) [23,25]. Indeed, a lengthening of M-wave dur-
ation may partly cause an increase in RMS, indepen-
dently of any central activation failure. Only a few



188 F. Hug et al. / Journal of Electromyography and Kinesiology 14 (2004) 187–195

authors simultaneously recorded SEMG and M-wave
during voluntary contractions [1,13,18,20,24]. Some of
the authors reported M-wave alterations in untrained
subjects during different pedaling exercises [1,18,20],
whereas the M-wave did not change in trained sub-
jects [20].

Some studies examined, during leg exercise, the con-
comitant changes in global SEMG energy and oxygen
uptake or muscle metabolism, explored by blood lactate
measurement or nuclear magnetic resonance spec-
troscopy [4,5,12,19,21,28,30]. In untrained volunteers,
we showed [1,18,19] that the RMS value was closely
adjusted to V̇O2

. We also noted that during an incremen-
tal, as well as a constant-load cycling exercise, the
RMS/ V̇O2

ratio began to increase and then decreased
rapidly, recovering the control values measured during
the 0 W cycling period preceding the challenge. This
suggests the existence of adaptive mechanisms originat-
ing in contracting muscles which minimize the recruit-
ment of motor units for a given oxygen uptake. Except
the study by Lucı́a et al. [27], who explored well-trained
cyclists but did not consider the RMS/ V̇O2

ratio, all the
aforementioned data concerned untrained subjects.

Because we already showed in well-trained cyclists
that the M-wave alterations did not occur during an
incremental [18] as well as a constant-load [20] exercise,
we tested the hypothesis that bicycle training may
improve the relationship between the global SEMG
energy and V̇O2

. The present study was undertaken in
untrained subjects and well-trained cyclists. SEMG was
recorded in vastus lateralis. The subjects first performed
an incremental cycling exercise until they reached their
maximal oxygen uptake, and then a constant-load exer-
cise preset at the ventilatory threshold. The constant-load
protocol allows dissociation of the factors time and
V̇O2

increase, which may interfere during an incremental
exercise trial. Endurance training being known to reduce
the anaerobic metabolic pathway, we also searched for
correlations between the variations of RMS/ V̇O2

ratio
and the corresponding peak blood concentrations of lac-
tate.

2. Methods

2.1. Subjects and study protocol

Twelve male volunteers participated in the experi-
ment. The study was approved by the local Ethics Com-
mittee and written consent clarifying the experimental
protocol was obtained from each subject. A previous
physical examination (including ECG and pulmonary
function testing) ensured that each participant was in
good health. All subjects were non-smokers and had no
actual or previous pathology of lower limb muscles and
joints. Because Ericson [10] showed the influence of toe-

clips on SEMG patterns, every subject wore cycling
sport shoes using toe-clips. Seven were well-trained cyc-
lists and five untrained university students or scientists.
Trained cyclists had a competition experience of 3 ± 1
years in the regional category and had covered an aver-
age of 15,000 km (including training and competitions)
during the last season. Untrained subjects performed less
than 2 h of physical activity per week and never prac-
tised cycling in competition. For this study, each subject
came twice to our hospital laboratory to perform first an
incremental, and then a constant-load cycling exercise.
Their age and anthropometric data (height and weight)
are reported in Table 1.

Prior to each exercise testing session, subjects were
familiarized with the equipment and procedures used in
this investigation. Each test was performed under similar
ambient conditions (temperature: 21–24 °C; relative
humidity: 45–55%), and during all exercise sessions on
the cycloergometer, two fans were placed in front of the
subjects to encourage them.

2.2. Exercise protocols

The two protocols were performed on an electrically
braked cycloergometer (Ergometrics ER 800, Jaeger,
Germany) controlled by microcomputer software
(Oxycon beta, Jaeger, Germany). During cycling exer-
cise, the subjects adopted conventional (upright) cycling
posture, characterized by a trunk inclination of ~75°, the
subject placing his hands on the handlebars with elbows
slightly bent (~10° of flexion). The pedaling rate was
kept around 60 cycles per minute (cpm) for each subject
to prevent them from adopting different rates which
could influence the results. Indeed, Takaishi et al. [33]
showed that the optimal pedaling rate estimated from
neuromuscular fatigue (90 cpm) in working muscles did
not coincide with the pedaling rate at which the smallest
V̇O2

was measured (60 cpm). A pedal-frequency meter
was used by the subject to maintain this cadence using
a visual feedback.

The incremental exercise consisted of a 2-min rest
period, during which all physiological variables were
measured and venous blood samples were collected.
Exercise started after 2-min warming-up period at 0 W–
60 cpm. The workload was increased by 20 W every 1
min until the maximal oxygen uptake V̇O2max was
reached. The cycloergometer was then unloaded and the
subject continued to cycle for a 10-min recovery period.

Seven days after the first incremental exercise, the
subjects performed a constant-load exercise trial, the
workload was fixed at that at which the ventilatory thres-
hold occurred. The exercise was preceded first by a 2-
min 0 W workload period, and then by a 1-min period
during which the load was preseted at half the value of
ventilatory threshold.

The two exercise protocols are represented in Fig. 2.
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Table 1
Morphological and physiological characteristics of subjects. Asterisks indicate significant inter-group differences (∗ p � 0.05; ∗∗∗ p � 0.001).
Values are mean ± SEM. The ventilatory threshold was determined from an increase in V̇E/ V̇O2

ratio ventilatory equivalent for oxygen without
concomitant increase in the V̇E/ V̇CO2

ratio

Untrained (n = 5) Trained (n = 7) Difference between groups

Age (years) 25.8±1.5 21±1.6 NS
Weight (kg) 76.6±2.1 71±2.5 NS
Maximal power tolerated (W) 260±11 394±16 ∗∗∗
V̇O2max

(ml STPD min�1 kg�1) 43.3±2.3 64.7±1.6 ∗∗∗
Ventilatory threshold (ml STPD min�1 kg�1) 27.1±1.1 51.7±1 ∗∗∗
Ventilatory threshold (W) 184±11 336±15 ∗∗∗
Ventilatory threshold (% maximal power tolerated) 70.8±2.2 85.3±2.1 ∗∗∗
Tlim (min) 17±2 12±1 ∗

The maximal power of the incremental exercise and the
time to exhaustion (Tlim) of constant-load exercise test
were measured when exercise was terminated either (1)
voluntarily by the subject, (2) when the pedaling rate
could not be maintained at 60 cpm, or (3) when estab-
lished criteria for test termination were obtained
(measurement of abnormal increase in systolic and/or
diastolic blood pressure, occurrence of repeated abnor-
mal systoles on ECG tracings). M-Waves were recorded
every 2 min during exercise and the recovery period (10
s of effective stimulation). Venous blood was sampled
at rest, each two workloads during incremental exercise
and each 2 min during constant-load exercise.

2.3. Measurements of biochemical and physiological
variables

In all subjects, a catheter (Neofly 21G, Viggo-Spec-
tramed, USA) was inserted in the right antecubital vein.
One milliliter venous sample was used to enzymatically
measure lactate concentration ([LA]) and also potassium
concentration ([K+]) with a specific electrode (Corning-
Chiron model 860, USA). Standard error of mean (SEM)
of lactate measurements for the laboratory quality con-
trol was ±0.05 mmol l�1.

A face mask (Jaeger, dead space: 30 ml) was designed
to form an air-tight seal over the patient’s nose and
mouth, with all the inspired and expired gas going into
a turbine flowmeter for continuous measurements of
inspired and expired volume, calibrated with a 1 l syr-
inge, which in turn gave measurements of minute venti-
lation (V̇E). A side pore of the face mask was connected
to fast-response differential paramagnetic O2 and infra-
red CO2 analyzers (Jaeger: 90% response time in 100
ms) which measured end-tidal partial pressures of O2 and
CO2, respectively. Throughout the incremental exercise
trial, the software (Oxycon Beta, Hellige, Germany)
measured breath-by-breath data of V̇E, V̇O2

, V̇CO2
, and

computed the ventilatory equivalents for O2 (V̇E / V̇O2
)

and CO2 (V̇E / V̇CO2
). The ventilatory threshold (V̇O2

VEAT) corresponded to V̇O2
value at which V̇E / V̇O2

exhi-

bited a systematic increase without a concomitant
increase in V̇E / V̇CO2

[6]. Each threshold value was
determined after the progressive exercise and was
expressed in relative value of oxygen uptake related to
body weight and in corresponding work rate level.

Bipolar (30 mm center-to-center, 1 × 1 cm of
diameter) Ag–AgCl surface electrodes (Dantec, 13 L 20)
were used to measure SEMG voltage from the two
vastus lateralis muscles. The electrodes were placed over
the lateral portion of each muscle, approximately at the
midpoint between the head of the greater trochanter and
the lateral condyle of the femur. The longitudinal orien-
tation of each electrode pair was parallel to a line
bisecting the proximal and distal tendons. To be sure
that electrodes were precisely at the same place for each
testing session, we marked the electrode location on the
skin with an indelible marker. Inter-electrode impedance
was kept below 2000 � by careful skin shaving and
abrasion with an ether pad. The electrodes were secured
with surgical tape and cloth wrap to minimize disruption
during the movement. A ground electrode was placed
over the right anterior superior iliac spine. Each SEMG
signal was pre-amplified (gain × 35) and filtered (10–
600 Hz) using a pre-amplifier (built in our laboratory)
fixed on the legs near the electrodes to minimize motion
artefacts (Fig. 1). Then, SEMG signal was amplified
(Nihon Kohden, Tokyo, Japan; common mode rejection
ratio: 90 dB; input impedance: 100 M�; gain: 1000–
5000) with a frequency band ranging from 10 to 1200
Hz and then displayed to a numeric data magnetic tape
recorder (TEAC RD-120T, Tokyo, Japan) for further
analysis. SEMG signal was digitized with a sampling
frequency of 1200 Hz using a data acquisition card (built
in our laboratory) mounted on a personal computer. A
trigger signal from a magnetic sensor fixed on the pedals
of the cycle ergometer indicated the onset of leg exten-
sion and vastus lateralis contraction. Jorge and Hull [22]
have shown that the vastus lateralis muscle has regions
of greatest activity between 315° and about 135° (0° and
180° correspond to the highest and lowest pedal pos-
itions, respectively). Thus, our RMS computation started
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Fig. 1. Examples of SEMG signal recorded at two different workload
levels in the same individual.

at the beginning of each muscle contraction and covered
all the vastus lateralis contraction (i.e., near 500 ms)
between 315° and 135°. For each muscle contraction,
the power spectrum density function (PSDF) was auto-
matically calculated by fast Fourier transformation using
a macro-command written by ATS Software (Aix-en-
Provence, France). The resulting spectrum was defined
by 512 points in amplitude and phase. RMS was calcu-
lated according to the equation given by Kwatny et al.
[26]. At workloads lower than 40 W, it was often diffi-
cult to separate the SEMG signal from the baseline
noise. Moreover, Mirka [29] has showed that normaliz-

Fig. 2. The two protocols of incremental (A) and constant-load (B) exercise are represented. Arrows indicate the instants for M-wave measure-
ments.

ing SEMG values recorded during pedaling exercise in
percentage of maximal voluntary isometric contraction
(MVC) induces errors. Thus, in our study, during
incremental exercise, RMS was expressed in percentage
of the average value measured at a 40-W workload.

Compound muscle action potentials (M-waves) were
evoked by direct muscle stimulation of the right vastus
lateralis, using a monopolar technique. A Grass S88 neu-
rostimulator delivered supramaximal shocks with 0.1-ms
rectangular pulses through an isolation unit. One small
(1 × 1 cm) negative silver electrode was applied on the
main motor point of the muscle and a large (3 × 3 cm)
positive silver electrode was placed on the opposite side
of the thigh. The main motor point of this muscle was
identified as the location of the cathode yielding the
strongest contraction with the lowest pulse amplitude.
Supramaximal stimulation was defined as the pulse
amplitude level about 15% above the level yielding an
M-wave of maximal amplitude. The signal was fed to
an oscilloscope (model DSO 400, Gould, Ballainvilliers,
France), permitting one to average the M-wave from
eight successive potentials and to calculate the M-wave
duration and the conduction time, that is, the time
between the stimulus artefact and peak.

2.4. Statistical analysis

A one-way repeated measures analysis of variance
(ANOVA) was used to determine significant variations



191F. Hug et al. / Journal of Electromyography and Kinesiology 14 (2004) 187–195

of each dependent variable (M-wave characteristics,
RMS, V̇O2

, and RMS/ V̇O2
ratio) during each protocol.

When ANOVA indicated a significant difference, post
hoc dependent t-tests were applied. In each group of sub-
jects, correlative analyses were performed during
incremental exercise between RMS (expressed in per-
centage of value measured at 40 W) and the correspond-
ing V̇O2

value (expressed in %V̇O2max). It was also perfor-
med during steady state exercise between RMS/ V̇O2

and
absolute time or expressed in %Tlim. The statistical pro-
gram (Sigmastat 8.0, Jandel, Germany) allowed us to
determine the best fitted equation for each relationship.
We also searched for correlations between the variations
of RMS/ V̇O2

ratio and corresponding values of blood
concentrations of lactate and potassium throughout the
incremental cycling period. The results are expressed as
means ± SEM. The level of significance was set at p
� 0.05.

3. Results

3.1. Inter-group differences in exercise performances

Table 1 shows that maximal power, V̇O2max, and the
ventilatory threshold were significantly higher in trained
cyclists than in the control untrained group. However, no
significant difference was found between the two groups
concerning age and weight values. In consequence, in
trained cyclists, the constant workload level was near
twice that preset in control individuals. Endurance time
to exhaustion was significantly (p � 0.05) higher in
untrained subjects (17 ± 2 min) than in trained ones
(12 ± 1 min).

3.2. M-Wave analyses

In untrained subjects, significant increase (p � 0.05)
in M-wave duration (Fig. 3), also associated with sig-

Fig. 3. Changes in M-wave duration throughout the incremental cyc-
ling protocol. No changes occurred in trained cyclists, whereas sig-
nificant increase occurred in untrained subjects at the maximal exertion
(max) and during the recovery period (∗ p � 0.05).

nificant decrease (p � 0.05) in M-wave amplitude, was
measured before the incremental exercise ended, the
changes persisting during the first 10 min of the recovery
period. No significant M-wave variations occurred in
trained cyclists. No significant variation of conduction
time was measured in the two groups. During constant-
load exercise, no M-wave changes were noted in the
two groups.

3.3. RMS variations

Because we measured no significant differences in
RMS variations between the two legs, RMS values mea-
sured in both muscles were averaged at each workload
level (incremental exercise) or each vastus lateralis con-
traction (constant-load exercise). Fig. 4 shows the RMS
changes throughout the incremental exercise in the two
groups. A polynomial second order correlation best fitted
the RMS vs. V̇O2

relationship in untrained subjects,
whereas in trained cyclists, a near perfect linear
regression was found between the two variables. These
discrepancies between the patterns of RMS changes
throughout the incremental exercise were not found for
V̇O2

variations, which always linearly increased with the
workload level in both groups (Fig. 4), the slope of
V̇O2

vs. exercise power relationship being significantly (
p � 0.05) higher in trained cyclists. No relationship
between RMS and exercise time was obtained during the
constant-load cycling exercise in the two groups.

3.4. RMS/ V̇O2
changes

Figs. 5 and 6 respectively represent the changes in
RMS/ V̇O2

ratio vs. the ventilatory threshold and the
maximum exertion (incremental exercise) or time
(constant-load exercise). Marked inter-group differences
were found. In trained cyclists, the RMS/ V̇O2

ratio was
significantly (p � 0.05) reduced (80 ± 9% of the value
measured at 40 W) when the V̇O2

VEAT was reached.
A decrease in RMS/ V̇O2

ratio was absent at V̇O2

VEAT in untrained subjects. During the constant-load
exercise, the RMS/ V̇O2

rapidly decreased in the two
groups and then plateaued after 2 min of exercise (Fig.
6). Comparison of the coefficients (±SEM) of the com-
plex inverse relationship between RMS/ V̇O2

and time did
not reveal any significant inter-group difference when
exercise duration was expressed in percentage of Tlim or
in absolute value.

We also searched for correlations between the rate of
RMS/ V̇O2

decline throughout the incremental cycling
exercise and the corresponding peak values of lactate
and potassium concentrations. No relationship has been
found between the changes in biochemical variables and
the time course of RMS/ V̇O2

decrease.



192 F. Hug et al. / Journal of Electromyography and Kinesiology 14 (2004) 187–195

Fig. 4. Changes in RMS and V̇O2
during incremental cycling exercise. A non-linear relationship depicts the RMS increase vs. oxygen uptake in

untrained subjects, whereas regression lines can be fitted to other data.

Fig. 5. Changes in RMS/ V̇O2
ratio during incremental cycling exer-

cise are depicted at the ventilatory threshold and at the maximal exer-
tion (max). The RMS/ V̇O2

ratio significantly decrease in trained sub-
jects at the ventilatory threshold (∗ p � 0.05).

4. Discussion

4.1. Summary and general comments

The present data confirm previous human obser-
vations that during progressive [4,13,18] and constant-
load dynamic exercise [1,19] the integrated EMG or the
RMS value increases in proportion to the oxygen uptake.
However, our results suggest that RMS is not always a
reliable estimate of energy expenditure during an
incremental cycling exercise. Indeed, despite the fact
that we measured a ramp increase in V̇O2

for the two
groups, a linear relationship between RMS and V̇O2

was
only found in trained cyclists, whereas RMS variations

exceeded V̇O2
ones during the last third of the challenge

in untrained individuals. The occurrence of an altered
membrane depolarization (M-wave lengthening) in
untrained subjects may explain this non-linear RMS
increase.

4.2. Choice of studied muscle

Vastus lateralis is among the three most active
muscles during cycling, with vastus medialis and soleus
[10]. In several studies, vastus lateralis is the most com-
mon muscle used [1,14,16,18–20,33]. Moreover, Houtz
and Fisher [16] have reported that the activity patterns
in this muscle are highly reproducible in each individual
and among sedentary subjects.

4.3. M-Wave changes

In the present study, the M-wave alterations only
occurred in untrained subjects performing an incremen-
tal exercise but were never measured during the con-
stant-load exercise. In previous studies, M-wave alter-
ations were also absent in trained cyclists [18,20],
whereas these alterations occurred in sedentary subjects
at the end of an incremental exercise [1,18] and also
during a 2-h constant-load cycling exercise preset at
50% V̇O2max [20]. In the present study, the maximal dur-
ation of constant-load exercise which was preset at the
ventilatory threshold was only 17 ± 2 min in untrained
subjects and 12 ± 1 min in trained ones. This could
explain the absence of M-wave alterations, even in our
untrained subjects.
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Fig. 6. The changes in RMS/ V̇O2
ratio during constant-load cycling.

The rate of fall of this ratio was the same in untrained and trained
subjects.

We previous reported in humans [1,18,19] and also in
an in vitro study [2] that the M-wave alterations were
positively correlated with anaerobic metabolism, meas-
ured by the increased extracellular concentration of lac-
tate. In this study, this explanation for the inter-group
differences between M-wave variations seems invalid.
Indeed, no difference was observed between the peak
blood lactate concentrations measured in trained (12 ±
3 mmol l�1) and untrained (13 ± 3 mmol l�1) subjects.

4.4. RMS/ V̇O2
variations during incremental exercise

We measured a faster decline of the RMS/ V̇O2
ratio

in trained cyclists compared to untrained subjects. These
differences could simply result from the occurrence of
curvilinear or linear patterns of RMS increase in relation
to the changes in oxygen uptake. Indeed, the occurrence
of a further RMS increase during the last third of exer-

cise trial in untrained subjects could be sufficient to
explain the attenuation of RMS/ V̇O2

decline in these
individuals. The inter-group differences between the pat-
terns of RMS/ V̇O2

variations could also be explained by
a greater increase in V̇O2

compared to that of RMS in
well-trained subjects. Thus, in the present study, the
slope of the relationship between V̇O2

and workload level
was significantly higher in trained cyclists. This may
result from a higher proportion of slow oxidative muscle
fibers in well-trained cyclists. Indeed, it is well docu-
mented that endurance training induces a transition from
fast glycolytic muscle fibers to slow oxidative ones
[17,34], with the consequence of a greater rise in oxygen
uptake [3]. Moreover, the static contraction of upper-
body muscular groups to grip the handle-bar during high
intensity cycling exercise in well-trained cyclists may
also contribute to this higher increase in V̇O2

[31].
Another explanation for the inter-group differences
between RMS/ V̇O2

variations during incremental exer-
cise could be found in the fact that well-trained cyclists
also recruit other muscles (soleus, vastus medialis) for
cycling than untrained individuals. In this case, the faster
decrease in RMS/ V̇O2

ratio during incremental exercise
could solely result from a reduced recruitment of the
vastus lateralis muscles to the benefits of other limb
muscles. Few data in the literature are found on the dif-
ferent pedaling strategies in trained and untrained sub-
jects. Eisner et al. [8] and Ericson et al. [10] showed
different muscles’ implications in untrained subjects dur-
ing cycling exercise, but they did not compare their
results to trained cyclists. By contrast, a magnetic reson-
ance imaging study showed no difference in the recruit-
ment of different thigh muscles during cycling in seden-
tary subjects [32].

4.5. RMS/ V̇O2
ratio during constant-load exercise

The adjustment of RMS to V̇O2
occurred within the

first two minutes of exercise. Because, during the first
five minutes of the exercise, we did not measure signifi-
cant variations of venous blood concentrations of lactate
and potassium, it may be supposed that intra-muscular
accumulation of metabolites had not still occurred during
these first two minutes. Thus, the activation of reflex
loops originating in exercising muscles which detect the
changes in muscular metabolism can be discarded. A
simple explanation for the fall in RMS/ V̇O2

ratio at the
beginning of constant-load exercise could be that the
initial step increase in workload had produced a sudden
near maximal recruitment of numerous motor units, hav-
ing the consequence of an abrupt RMS increase, whereas
in parallel, the oxygen uptake progressively rose. Such
discrepancies between the pattern of initial RMS and
V̇O2

variations could explain both the initial increase in
their ratio and its subsequent fall when the steady state
level was reached. Then, in this constant-load exercise,
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V̇O2
increase at the same rate of RMS which induce con-

stant RMS/ V̇O2
values after the initial fall.

4.6. Conclusion

In conclusion, RMS could be a good indicator of oxy-
gen uptake if no alteration of M-wave is detected. It
would be necessary to carry out the present experimen-
tation in subjects trained in other sport than cycling to
verify our results. The use of SEMG quantification to
predict a rise in oxygen uptake could be an interesting
tool for trainers who cannot use the very expensive
devices needed to analyze the respiratory gas exchanges
and to measure minute ventilation.
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