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ABSTRACT: Introduction: In this study we evaluated the preci-
sion of the time-to-exhaustion (Tlim) prediction from the early
changes in surface electromyography (sEMG) of the first dorsal
interosseous muscle. Methods: Thirty subjects performed an
index finger isometric abduction at 35% of maximal voluntary
contraction (MVC) until exhaustion. Ten participants performed
the same exercise at 50% MVC 1 week later. Changes in
sEMG parameters across time were modeled using the area-
ratio and the linear regression slope. Tlim was plotted as a func-
tion of each of these indices of change, and the coefficient of
determination (R2) was determined. Results: Null to moderate
R2 (0.22 and 0.56 at 35% and 50% MVC, respectively) values
were calculated. The best Tlim estimation led to a high predic-
tion error (21.6 6 15.0% of Tlim for the 50% MVC task). Conclu-
sions: Although the prediction of time-to-exhaustion is an
appealing research topic, these results suggest that it cannot
be done solely from sEMG.
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Monitoring disease progression and studying the
effects of therapy/rehabilitation programs in
patients affected by neuromuscular pathologies
requires objective and precise methods that allow
the clinician to evaluate muscular capacities. Such
methods may also be of interest to athletic trainers
who would be able to follow muscle adaptations
induced by training programs. Numerous studies
have used time-to-exhaustion (also called endur-
ance time, or Tlim) as a muscle fatigability indica-
tor.1,2 Nevertheless, the achievement of an exhaust-
ing muscular task is problematic for pathologic
subjects, because extreme fatigue may depress the
immune system and may exacerbate muscle dis-
eases.3,4 Consequently, it would be convenient to
estimate the Tlim without performing a muscular
task until exhaustion.1,5

Fatigue is a progressive phenomenon6 that
induces changes in the surface electromyographic
(sEMG) signal.7 Because these sEMG changes
occur before any decline in mechanical output,
they can provide useful information about the
early manifestations of neuromuscular fatigue.

During a submaximal exercise there is a typical
increase in sEMG activity level7 and a shift of the
power spectrum density function toward lower fre-
quencies,8 while force or power output remain
constant. Various studies have reported a signifi-
cant linear relationship between Tlim and any indi-
cator of sEMG signal changes [e.g., slope of mean
power frequency (MPF) or EMG root mean square
(RMS), or area-ratio of the RMS], suggesting that
Tlim could be predicted from the early changes of
the sEMG signal over the first half of the test dura-
tion.1,7,9–14 However, very few studies have focused
on the prediction of Tlim from these early sEMG
changes.2,5,15–17 The studies reported a significant
relationship between the early (the first 25–50% of
Tlim) rates of change in sEMG parameters and Tlim

during sustained isometric submaximal contrac-
tions. Furthermore, it has been shown that many
factors can influence the sEMG changes vs. Tlim

relationship, such as: (i) type of sEMG signal pa-
rameters considered (spectral vs. temporal ones)5;
(ii) exercise intensity5,17; and (iii) mathematical
model used for sEMG signal changes over time
(e.g., linear regression or area-ratio).2,5 Although
most of the earlier studies concluded that Tlim

could be predicted from early sEMG changes, the
R2 coefficients reported were relatively low (e.g.,
R2 ¼ 0.78) and resulted in weak prediction preci-
sion (i.e., high scatter around the early sEMG
changes vs. Tlim plot).5,16 As evidence of the weak
Tlim prediction precision, no clinical test has been
developed from these experimental results.

This inability to precisely predict the Tlim could
be explained by two physiological phenomena: (1)
putative compensations between muscles; and (2)
non-homogeneous distribution of sEMG activity
within a muscle.18,19 Moreover, when dealing with
the frequency domain of the sEMG signal, previ-
ous studies aiming to predict the Tlim used spectral
computation on the basis of the fast Fourier
transform.5,15 Such signal processing disregards the
non-stationary nature of the sEMG signal and thus
may be questionable in theory. In the field of elec-
trophysiology, wavelet transformation is a recent
technique that addresses this non-stationary charac-
teristic of the sEMG signal.20 Wavelet transforma-
tion was used in the present study in addition to
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the more classical frequency parameters based on
the fast Fourier transform.

The purpose of our investigation was to draw a
Tlim prediction model from an experimental proto-
col aimed at avoiding the aforementioned limita-
tions. To circumvent putative compensations
among muscles, Tlim was determined in the first
dorsal interosseous (FDI) muscle, which is respon-
sible for about 93% of the maximum abduction
force of the index finger.21 Even in this small-vol-
ume muscle, the distribution of sEMG activity is
not homogeneous.19 For this reason we recorded
sEMG activity with an electrode array (seven sEMG
channels), which provided representative sEMG ac-
tivity of the total length of the muscle.

METHODS

Subjects. Thirty healthy subjects volunteered to
participate in this study (12 women and 18 men,
aged 31.7 6 17.1 years, height 171.8 6 9.4 cm,
body mass 66.2 6 10.2 kg). In order to have a
wide range of Tlim values, we chose to test a heter-
ogeneous population composed of subjects with
different neuromuscular capacities. The subjects
were informed of the possible risk and discomfort
associated with the experimental procedures
before they gave written consent. The experimen-
tal design of the study was approved by the local
ethics committee and was performed in accord-
ance with the Declaration of Helsinki.

Measurements. Ergometry. A homemade ergome-
ter was used to measure the force produced by
FDI abduction (for more details, see Fig. 1 from
the study by Bouillard et al.22). Subjects were
seated with the right elbow flexed to 120� (180�

corresponds to a full extension of the elbow), the
pronated forearm supported on a platform, and all
fingers extended with the palm facing down. The
hand was immobilized with a rod placed over the
dorsum of the hand to prevent any movement dur-
ing the exercise. Fingers 3–5 were also constrained
together with Velcro. Velcro was also placed on
both the wrist and proximal part of the forearm to
prevent any forearm movement. The lateral side of
the right index finger was in contact with a rigid
interface, with the proximal interphalangeal joint
aligned with a force sensor (ZF25kg, sensitivity 2
mV/V; Scaime, Annemasse, France) to measure
isometric index finger abduction force. The force
signal was sampled at 4096 HZ (EMG-USB; LISIN-
Ottino Biolettronica, Turin, Italy) and stored on a
computer.

Electromyography. Bipolar surface EMG record-
ings were obtained from the adductor pollicis (AP)
and FDI using two adhesive linear arrays of eight
electrodes with 5-mm interelectrode distance (Spes

Medica, Battipaglia, Italy). EMG activity of the AP
was recorded to check for the absence of compen-
sation. The electrode arrays were located over the
muscle bellies and followed the direction of mus-
cle fibers for the AP. A reference electrode was
placed at the level of the wrist. Prior to electrode
placement, the skin was shaved and cleaned with
alcohol to minimize impedance. To ensure proper
skin–electrode contact, 20 ll of conductive gel was
inserted into the cavities of the electrode. Signals
were amplified �500 (EMG-USB; LISIN-Ottino
Biolettronica), bandpass filtered (6–400 HZ), digi-
tized at a sampling rate of 4096 HZ, and stored on
a computer.

Protocol. After a 10-min familiarization with the
ergometer and a standardized warm-up (submaxi-
mal isometric index abductions), each subject per-
formed three 3-s isometric maximal index abduc-
tions (MVCs) with 3-min rest between each MVC.
The greatest force achieved over a 100-ms interval
was taken as the MVC force and was used as the
reference to normalize the target force for the sub-
sequent Tlim task. After this session, each subject
rested 5-min and then performed isometric index
abduction at 35% of MVC until exhaustion. One
week later, 10 of the 30 subjects (3 women and 7
men) participated in a second session similar to
the first one with the Tlim task, which was per-
formed at 50% MVC. Exhaustion was defined as
the moment when the force produced decreased
by >5% from the required target, and the investi-
gator stopped the trial at this time-point. The total
contraction duration was designated as Tlim.
Throughout the trial, verbal encouragement was
given, and visual feedback of the force signal was
displayed on a monitor placed in front of the
subjects.

Signal Analysis and Processing. Data processing
was performed using standardized MATLAB scripts
(The Mathworks, Natick, Massachusetts). All esti-
mates of the sEMG parameters were first computed
over the whole Tlim. Analyses were made on 20
equal time-windows in the time and frequency
domains to obtain an identical number of values
for each sEMG parameter. Also, 20 equal time-win-
dows were used to compute the sEMG parameters
over shorter periods (20 and 40 s at 35% of MVC,
20 and 30 s at 50% of MVC). The following sEMG
parameters were processed: root mean square
(RMS); mean power frequency (MPF); and relative
power in the 6–30-HZ frequency band (PFB). Fur-
thermore, a wavelet transform (WT) was applied to
the sEMG signals by using a set of 11 non-linearly
scaled wavelets characterized by their center fre-
quency (cf) values of 7, 19, 38, 62, 92, 128, 170,
218, 271, 331, and 395 HZ.20,23,24 The WT gave the
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power of the sEMG signal at each time-point, tn,
subdivided into the frequency bands covered by
each wavelet, j. Thus, the instantaneous mean fre-
quency (MWF) was obtained by:

MWFn ¼
P11

j¼1 cfj � ðpj;nÞ
P11

j¼1 ðpj;nÞ
(1)

where (pj,n) represents the power for the wavelet j
at time tn. Also, the sum over the two first wavelets
gave the relative power in the 7–19-HZ frequency
band (WFB). These two frequency parameters
were first computed continuously over the whole
test and averaged on 20 equal time-windows.

All sEMG parameters were processed on EMG
channels 2–6. The average across these five medial
channels was also computed. Extreme channels
(channels 1 and 7) were not taken into considera-
tion because they could not likely be located over
the muscle.

Statistics. sEMG Changes over Time. Two mathe-
matical indices were used to model the changes of
each sEMG parameter over the whole Tlim and the
two shorter time periods. First, the slope of the lin-
ear regression between sEMG and time was calcu-
lated and retained only for the significant linear
regressions (i.e., P < 0.05). Second, the ratio of
area from a regression-free index, called the area-ra-
tio, was calculated.2,5 The area-ratio (AR) is defined
as B/(AþB), where A is the area beneath the sEMG
paramater–time relationship and (AþB) is the sum
of the area beneath and above the sEMG parameter
time-course delimited by a signal reference value
(Y0).

25 For an increasing pattern, the area ratio is
negative, whereas for a decreasing pattern it is posi-
tive. The advantage of this index is that it is dimen-
sionless and the fact that it is not affected by fluctu-
ations in the values in the experiment, except for
Y0, which defines the reference area. We defined Y0

to be the mean value of the sEMG parameters com-
puted over the two first time-windows of the signal.

Tlim Prediction. For each sEMG parameter and
the whole population, Tlim values were plotted as a
function of the mathematical indices used to
model sEMG changes (i.e., slope of the linear
regression or AR). The significance of the linear
regression and the coefficient of determination
were then calculated. The precision of the predic-
tion was estimated for the two best prediction
models (i.e., the relationships exhibiting the high-
est R2) by the calculation of the mean absolute dif-
ference between the Tlim measured during the test
and the Tlim estimated from the linear regression
equation.15 This mean absolute difference was
expressed in seconds and in percentage.

RESULTS

The Tlim was too short for 2 of the 30 subjects at
35% MVC (15 and 25 s). Thus, Tlim prediction was
not possible in these subjects, and 28 subjects were
retained for the Tlim at 35% MVC.

Muscular Performance. The mean MVC was 34.8
6 8.6 N and ranged from 23.0 to 55.0 N (coeffi-
cient of variation across subjects ¼ 25%). Subjects
achieved a Tlim of 144.6 6 62.4 s (range 48.7–
310.3 s) at 35% MVC and 63.0 6 24.2 s (range
40.4–117.1 s) at 50% MVC.

Spatial Variability in sEMG Activity. Taking into
account individual channels, the linear regression
analysis of Tlim vs. indices of sEMG parameter
changes generally provided higher coefficients of
determination when using the slope models rather
than the AR model. Nevertheless, the coefficient
of determination of Tlim vs. indices of sEMG pa-
rameter changes differed from one channel to
another, reflecting spatial heterogeneity in the
sEMG changes (Table 1). The two highest

Table 1. Coefficients of determination (R2) of the linear relationship between Tlim and indices of changes in sEMG parameters estimated
over the entire exercise period (Tlim) and shorter time periods at a level of 35% MVC.

sEMG
AR
RMS

AR
MPF

AR
MWF

AR
PFB

AR
WFB

Slope
RMS

Slope
MPF

Slope
MWF

Slope
PFB

Slope
WFB

A: Calculation period ¼ Tlim
Channel 2 0.02 (28) 0.02 (28) 0.02 (28) 0.11 (28) 0.01 (28) 0.04 (22) 0.52 (26) 0.24 (27) 0.19 (25) 0.04 (25)
Channel 3 0.03 (28) 0.02 (28) 0.03 (28) 0.05 (28) 0.00 (28) 0.27 (24) 0.54 (27) 0.24 (27) 0.06 (24) 0.05 (26)
Channel 4 0.00 (28) 0.00 (28) 0.05 (28) 0.03 (28) 0.00 (28) 0.04 (23) 0.53 (28) 0.38 (27) 0.20 (24) 0.00 (26)
Channel 5 0.05 (28) 0.01 (28) 0.09 (28) 0.00 (28) 0.00 (28) 0.19 (21) 0.52 (28) 0.40 (28) 0.08 (28) 0.00 (27)
Channel 6 0.17 (28) 0.02 (28) 0.04 (28) 0.00 (28) 0.00 (28) 0.18 (23) 0.55 (28) 0.57 (28) 0.17 (28) 0.08 (27)
Average 0.06 (28) 0.02 (28) 0.05 (28) 0.02 (28) 0.00 (28) 0.17 (24) 0.57 (28) 0.35 (28) 0.16 (27) 0.04 (26)

B: Calculation period ¼ 40 s
Average 0.22 (28) 0.06 (28) 0.01 (28) 0.09 (28) 0.21 (28) 0.15 (23) 0.17 (26) 0.06 (28) 0.00 (25) 0.01 (28)

C: Calculation period ¼ 20 s
Average 0.02 (28) 0.02 (28) 0.00 (28) 0.01 (28) 0.05 (28) 0.16 (22) 0.10 (26) 0.00 (23) 0.01 (15) 0.01 (25)

Numbers of subjects exhibiting a significant linear relationship are indicated in parentheses. RMS, root mean square; MPF, mean power frequency; MWF,
instantaneous mean wavelet frequency, PFB 6–30-HZ frequency band; WFB, 7–19-HZ frequency band from the power of the two first wavelets; AR
area-ratio, slope of the linear regression model. Average of sEMG parameter computed across the five medial channels.
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coefficients of determination (the one using the
AR model and the one using the slope model)
were not improved by considering individual chan-
nels instead of the average. Consequently, to cir-
cumvent this spatial heterogeneity, already
reported elsewhere,19 only results from average
sEMG channels are depicted in what follows.

Relationships between Indices of sEMG Parameter

Changes and Tlim. Change in sEMG parameter
over time was significantly linear (P < 0.05) in
89% of cases (374 of 420 cases: 5 sEMG parameters
� 3 time periods � 28 subjects) for the 35% MVC
task, and in 90% of cases (135 of 150 cases: 5 pa-
rameters � 3 time periods � 10 subjects) for the
50% MVC task. More precisely, in most cases, a sig-
nificant positive linear relationship was found
between RMS (24 of 28 and 7 of 10 cases at 35%
and 50% MVC, respectively), PFB (27 of 28 and 10
of 10 cases at 35% and 50% MVC, respectively),
WFB (26 of 28 and 10 of 10 cases at 35% and 50%
MVC, respectively), and time, whereas a significant
negative linear relationship was found for all sub-
jects between MPF and time and between MWF
and time, for both at 35% and at 50% MVC.

Tables 1 and 2 depict the coefficients of deter-
mination of the linear relationships between Tlim

vs. indices of sEMG parameter changes. Still, tak-
ing into account sEMG parameters averaged across
five EMG channels, the slope model generally pro-
vided better coefficients of determination than the
AR model. Indeed, the best coefficients of determi-
nation were obtained for the Tlim vs. MPF slope
relationship (R2 ¼ 0.57, P < 0.05) at 35% MVC,
and for Tlim vs. MWF slope relationship (R2 ¼
0.62, P < 0.05) at 50% MVC.

Prediction of Tlim from Early Changes in sEMG Param-

eters. As depicted in Tables 1 and 2, the best
coefficients of determination of the relationships
between indices of sEMG changes calculated over
a submaximal time period and Tlim were obtained
for the AR of RMS (calculated over the first 40 s;
R2 ¼ 0.22, P < 0.05) and AR of WFB (calculated
over the first 40 s; R2 ¼ 0.21, P < 0.05) at 35%
MVC, and for AR of PFB (calculated over the first
20 s; R2 ¼ 0.56, P < 0.05) at 50% MVC. By taking
into account these two best prediction models
(Fig. 1), the estimation of the Tlim from the equa-
tion of the linear regression led to a prediction
error of 42.4 6 34.4 s (36.2 6 38.0% of Tlim) for

Table 2. Coefficients of determination (R2) of the linear relationship between Tlim and indices of changes in sEMG parameters estimated
over the entire exercise period (Tlim) and shorter time periods at a level of 50% MVC.

sEMG
AR
RMS

AR
MPF

AR
MWF

AR
PFB

AR
WFB

Slope
RMS

Slope
MPF

Slope
MWF

Slope
PFB

Slope
WFB

A: Calculation period ¼ Tlim
Average 0.02 (10) 0.01 (10) 0.00 (10) 0.00 (10) 0.09 (10) 0.06 (7) 0.59 (10) 0.62 (10) 0.30 (10) 0.18 (10)

B: Calculation period ¼ 30 s
Average 0.00 (10) 0.48 (10) 0.38 (10) 0.19 (10) 0.22 (10) 0.31 (7) 0.46 (10) 0.41 (10) 0.16 (10) 0.16 (10)

C: Calculation period ¼ 20 s
Average 0.03 (10) 0.48 (10) 0.38 (10) 0.56 (10) 0.23 (10) 0.38 (6) 0.42 (10) 0.44 (10) 0.27 (7) 0.19 (8)

Numbers of subjects exhibiting a significant linear relationship are indicated in parentheses. RMS, root mean square; MPF, mean power frequency; MWF,
instantaneous mean wavelet frequency; PFB, 6–30-HZ frequency band; WFB, 7–19-Hz frequency band from the power of the two first wavelets; AR, area-
ratio, slope of the linear regression model. Average of sEMG parameter computed across these five medial channels.

FIGURE 1. Scatterplots of the relationship between Tlim and the AR of (a) the RMS curves during a time period of 40 s at 35% MVC

and (b) the PFB curve during a time period of 20 s at 50% MVC. Red lines indicate the 95% confidence intervals. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com.]
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the 35 % MVC task and of 12.6 6 9.2 s (21.6 6
15.0% of Tlim) for the 50% MVC task compared
with the real Tlim duration.

DISCUSSION

The purpose of this study was to test the ability to
predict the time-to-exhaustion (Tlim) from early
changes in sEMG parameters during an isometric
index abduction sustained at 35% and 50% of
MVC. We assessed the relationships between Tlim

and the sEMG parameter changes (modeled by the
slope of the linear regression and the AR) calcu-
lated over Tlim or over two shorter time periods.
Very low to moderate coefficients of determination
were reported, inducing large errors in the Tlim

prediction.
The significance of the linear regression

between Tlim vs. indices of sEMG changes was
interpreted as a promise of the possibility to pre-
dict Tlim from early sEMG parameter changes.1,7,9–14

However, low to moderate coefficients of determi-
nation reported by previous studies led to discus-
sion surrounding the precision of the prediction.
Our results are in accordance with previous studies
in that we reported significant linear relationships
between Tlim and indices of sEMG parameter
changes over Tlim or shorter time periods.2,5,16,17

However, the coefficients of determination of these
relationships obtained at 35% MVC were lower
(e.g., R2 ¼ 0.67) than those reported in the litera-
ture.2,5,16,17 This relatively low exercise intensity was
chosen because all motor units (MUs) of the FDI
are recruited at >50% MVC.26 At this contraction
level, muscular fatigue could not have been com-
pensated by spatial summation (i.e., recruitment of
additional MU), limiting the sEMG temporal
changes over time. However, because most of the
earlier studies used higher intensities, 10 of the 30
subjects were asked to perform another Tlim task at
50% MVC (the most investigated intensity).
Although coefficients of determination of the Tlim

vs. sEMG change relationships were improved, they
were still low to moderate. Such results could lead
to questions about the relevance of the Tlim predic-
tion from early sEMG parameter changes. To our
knowledge, only one study has provided an estima-
tion of the error associated with the Tlim prediction
and reported it to be relatively high.15 In this study,
the error inherent in the Tlim prediction from the
linear regression equation was 36.2 6 38.0% of Tlim

(42.4 6 34.4 s) for the 35% MVC task and 21.6 6
15.0% of Tlim (12.6 6 9.2 s) for the 50% MVC task
compared with the real Tlim duration. The error cal-
culated for Tlim performed at 50% MVC was slightly
higher than that reported by Boyas and Gu�evel for
the vastus lateralis at the same intensity (14.7 6
8.4% of Tlim, i.e., 11.7 6 8.4 s).15

In considering the results of previous studies
(i.e., low to moderate coefficients of determina-
tion), we formulated two hypotheses to explain the
inability to precisely predict Tlim. We argued that it
could be due to putative compensations across syn-
ergist muscles. Indeed, alternating recruitment of
different synergists has already been reported
during an isometric task performed until exhaus-
tion.18,27 To avoid this limitation, we studied a sim-
ple task, index finger abduction, which involves
mostly the FDI muscle, as suggested by Boyas and
Gu�evel.15 In fact, this muscle is responsible for
93% of the force production.21 In addition, our er-
gometer was designed to avoid movement of the
wrist and forearm that would permit exertion of
force against the force transducer. Finally, because
the AP muscle could be used to compensate, we
recorded the EMG activity of this muscle through-
out the exhaustion task. The results show that the
AP muscle was not involved at any time in the
force production. In considering all these precau-
tions, we can reasonably hypothesize that no com-
pensation between muscles occurred during our
study. Consequently, the inability to precisely pre-
dict Tlim would not be linked to compensations
between muscles.

On the other hand, we suggested that non-
homogeneous distribution of EMG activity within
a muscle could explain the inability to precisely
predict Tlim. For instance, Zijdewind et al.
reported opposite sEMG changes over time from
distinct parts of the FDI during a sustained iso-
metric contraction.19 Thus, sEMG electrode posi-
tioning may affect recording of the sEMG
changes. To avoid this limitation, we used a lin-
ear electrode array that allowed us to record
sEMG signals from the whole FDI. Because coeffi-
cients of determination of the relationship
changes of Tlim vs. sEMG differed from one chan-
nel to another, the results confirm that electrode
location affects the sEMG signal. However, even
when the sEMG parameter was averaged across
the five medial channels to obtain more repre-
sentative FDI sEMG activity, it was not possible to
build a prediction model that was sufficiently
precise. This result demonstrates that the spatial
heterogeneity of the muscular recruitment is not
enough to explain the inability to precisely pre-
dict the Tlim.

Even when these two main putative limiting fac-
tors were taken into account, the Tlim prediction
could not be performed well enough to provide a
clinical application, because we do not have the
capability to precisely detect small changes in
neuromuscular capacity. Although a more homo-
geneous sample of subjects (usually young and
active men) may have reduced the variability of

Time-to-Exhaustion Prediction from sEMG MUSCLE & NERVE June 2012 839



the Tlim and, consequently, reduced the correla-
tion values between Tlim and sEMG changes,15 we
studied a heterogeneous population (spread range
of Tlim, i.e., coefficient of variation across subjects
¼ 25%).

Our findings could be explained by the fact
that other physiological (e.g., motor unit synchro-
nization) and non-physiological (e.g., change in
fiber pennation angle, change in the muscular
temperature, crosstalk) factors affect the sEMG sig-
nal and thus its changes over time. For instance,
sEMG amplitude is affected by various confound-
ing factors, such as signal cancellation, and thus it
does not reliably represent the central drive.28

Fuglevand et al.29 notably reported impairment of
neuromuscular propagation during a task similar
to the one we used (i.e., Tlim task at 35% of MVC).
Frequency parameters also present other limita-
tions because they are not directly linked to the
MU recruitment strategy that occurs with the
development of neuromuscular fatigue. Moreover,
although it was demonstrated that inactivation
level could affect endurance time and EMG
changes during sustained contraction,30 this mea-
surement was not performed in our study.

Prediction of time-to-exhaustion from non-fati-
guing exercise is important for subjects who can-
not achieve exhausting muscular tasks, but the
findings show that no sEMG model is suitable for
this prediction. Future investigations could try to
study other fatigue indices, such as changes in the
force variability that occur during sustained isomet-
ric contraction,31 or a multifactorial model using,
for instance, mechanical and sEMG parameters, to
predict Tlim.

16 When considering the aforemen-
tioned factors it is important to keep in mind that
there are also important psychological factors that
may impact Tlim measurement. Although the pre-
diction of time-to-exhaustion is an appealing
research topic, our results suggest that it cannot be
performed solely from sEMG.
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