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The present study aimed at determining the electromyographic fatigue threshold (EMGFT) from the EMG
activity level and the EMG frequency content of the First Dorsal Interosseous. Thirty-seven healthy sub-
jects performed seven isometric index abductions at randomly ordered percentages of maximal voluntary
contraction (i.e., 20%, 25%, 30%, 35%, 40%, 50% and 60%). During these bouts, surface EMG was measured
using a linear electrodes array (i.e., seven EMG channels) in the First Dorsal Interosseous. For each subject
the EMGFT was determined from both Root Mean Square (RMS) and Mean Power Frequency (MPF) values,
only if the following criteria were met: (i) significant positive linear regression (P < 0.05) between force
and slope coefficient, (ii) an adjusted coefficient of determination for force versus slope coefficient rela-
tionship greater than 0.85, and (iii) a standard error for the EMGFT below 5% of MVC. The results showed
the inability to determine an EMGFT in all of the 37 subjects from both RMS (9 out of 37 subjects) and MPF
(27 out of 37 subjects). In addition, for the 12 subjects tested twice, the reproducibility of the EMGFT

determination was weak (ICC = �0.029 and SEM = 7.5% of MVC for EMGFT determined from MPF). The
present results suggest that the EMGFT is not a valid tool to assess muscle function.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

The electromyographic fatigue threshold (EMGFT) is defined as
the highest power output (or the highest force level) that can be
maintained without neuromuscular fatigue (Moritani et al.,
1993). The EMGFT has been widely studied using pedaling tests
(Moritani et al., 1993; Graef et al., 2008; Smith et al., 2009), and
it has been shown to be a useful tool in assessing the fitness le-
vel/muscle performance (deVries et al., 1982; Moritani et al.,
1993; Graef et al., 2008; Smith et al., 2009). More recently, EMGFT

has been determined from isometric single joint-tasks (Hendrix
et al., 2009c; Hug et al., 2009). This method possesses the advan-
tage that it does not require submaximal exercise bouts to be per-
formed until exhaustion. Because of this issue, EMGFT could be very
useful for patients who are unable to tolerate maximal effort (i.e.,
until exhaustion), which is known to depress the immune system
and to be deleterious in muscle diseases such as myopathy (Agre
and Sliwa, 2000).

The concept of EMGFT is based on the principle that neuromus-
cular fatigue induces a decrease in action potential muscle conduc-
tion velocity, an increase in synchronization and force loss which
can be compensated by recruitment of additional motor units
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(Edwards and Lippold, 1956; DeVries, 1968). These phenomena
may induce an increase in EMG amplitude when force or power
output remains constant. The protocol was designed to determine
the rate of rise in the EMG amplitude (i.e., EMG slope) as a function
of time. This is performed for constant-load exercises (either dy-
namic or static) at three or five different intensities (power output
or torque) (deVries et al., 1982; Hug et al., 2009). The integrated
EMG slopes obtained are plotted against intensity resulting in lin-
ear plots which were extrapolated to a zero slope to give an inter-
cept on the intensity axis. EMGFT is then defined as the y-intercept.
Parallel to this increase in EMG amplitude, neuromuscular fatigue
induces a decrease in the mean power frequency (MPF) (Petrofsky,
1979) that is mainly due to a decrease in action potential muscle
conduction velocity (Basmajian and De Luca, 1985). In this way,
Hendrix et al. (2009a) recently have shown that the mathematical
model for estimating the EMGFT from the EMG amplitude is appli-
cable to the frequency domain (i.e., MPF).

As discussed recently (Hug, 2010), although previous studies
have used the EMGFT to assess muscle function (Moritani et al.,
1993; Pavlat et al., 1993; Housh et al., 1995; Hendrix et al.,
2009b, 2009c), these studies did not employ any criteria to estab-
lish the precision of their EMGFT determinations, and did not report
the standard error of the EMGFT values. But, EMGFT should be con-
sidered as a valid tool to assess muscle function/fitness level (and
to monitor changes in response to training/rehabilitation pro-
grams) only if the values are determined in a way that small
changes over time or among subjects can be detected. Although
the precision of EMGFT depends on the linear fit used to model
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Fig. 1. Experimental setup (panel A) and protocol (panel B). Panel A – Subjects were
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the relationship between the force level and slope coefficient, pre-
vious authors determined EMGFT using coefficient of determina-
tion (R2) < 0.85 (Housh et al., 1995; Hendrix et al., 2009b, 2009c),
which resulted in a high standard error of EMGFT (more than 10%
of maximal voluntary contraction). All considered, these issues
suggest that EMGFT values reported in the literature would not al-
ways be precise. For instance, in a recent study (Hug et al., 2009),
by using stringent criteria (i.e., significant positive linear regres-
sions with R2 values > 0.85 and with standard errors of the
EMGFT < 5% of maximal voluntary contraction), EMGFT could only
be determined for one muscle (the long head of Biceps brachii)
for just three out of the eight subjects tested. We hypothesized that
this inability to detect an EMGFT precisely in all of the subjects
could be explained by various factors, such as: (i) putative compen-
sations between muscles (Kouzaki et al., 2002) and (ii) nonhomo-
geneous distribution of EMG activity within a muscle (Farina
et al., 2008).

Thus, the purpose of the present study was to determine the
EMGFT from both EMG amplitude and MPF from an experimental
protocol aimed at avoiding the limitations highlighted above. First,
to circumvent putative compensations among muscles, EMGFT was
determined in the Flexor digitorum interroseus (FDI) which is
responsible for about 93% of the maximum abduction force of
the index finger (Chao et al., 1989). Even in this muscle of small
volume, the distribution of EMG activity is not homogeneous
(Zijdewind et al., 1995). For this reason we recorded EMG activity
with an electrode array (seven EMG channels) which permits us to
obtain a representative EMG activity on the total length of this
muscle.
seated with the right elbow flexed to 120� (180� corresponding to a fully extension
of the elbow), the pronated forearm supported on a platform and all fingers
extended with the palm facing down. 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 to measure isometric index finger abduction force. Panel B –
After a 10-min familiarization with the ergometer and standardized warm-up, each
subject performed three 3-s isometric maximal index abductions (MVC). Following
this session, each subject rested 5 min, then performed isometric index abductions
at randomly ordered percentages of MVC (i.e., 20%, 25%, 30%, 35%, 40%, 50% and
60%). Each bout lasted 30 s. MVC, maximal voluntary contraction.
2. Methods

2.1. Subjects

Thirty-seven healthy subjects volunteered to participate in this
study (12 women, 25 men; aged 30.6 ± 15.7 years; height 172.9 ±
9.1 cm; weight 67.3 ± 10.1 kg). In order to have large range of
EMGFT, we chose to test a heterogeneous population, i.e., subjects
with different neuromuscular capacities (e.g., maximal isometric
force during the index abduction = 35 ± 9 N; coefficient of varia-
tion = 26%). The subjects were informed of the possible risk and
discomfort associated with the experimental procedures before
they gave written consent. The experimental design of the study
was approved by the local Ethical Committee and was done in
accordance with the Declaration of Helsinki.
2.2. Measurements

2.2.1. Ergometer
A home-made ergometer was used to measure the force pro-

duced by the FDI abduction (Fig. 1A). Briefly, subjects were seated
with the right elbow flexed to 120� (180� corresponds to a fully
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 during the exercise. Fingers
3–5 were also stabilized together with Velcro. Velcro was also
placed on both the wrist and proximal part of the forearm to pre-
vent 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 (ZF25 kg, sensi-
tivity: 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 in a computer.
2.2.2. Electromyography
Bipolar surface EMG recordings were obtained from the Adduc-

tor Policis Brevis (AP) and FDI using an adhesive linear array of
eight electrodes with 5-mm interelectrode distance (Spes medica,
Battipaglia, Italy). EMG activity of the Adductor Pollicis Brevis was
recorded to check the absence of compensation. The electrode
array was located over the muscle belly and followed the direction
of muscle fibers for AP muscle. A reference electrode was placed at
the level of wrist. Prior to electrode placement, the skin was shaved
and cleaned with alcohol in order to minimize impedance. To en-
sure proper skin-electrode contact, 20 lL of conductive gel was in-
serted into the cavities of the electrode. Signals were amplified
(x 500, EMG-USB, LISIN-Ottino Biolettronica, Turin, Italy), band-
pass filtered (10–500 Hz), digitized at a sampling rate of 4096 Hz,
and stored on a computer.
2.3. Protocol

After a 10-min familiarization with the ergometer and a stan-
dardized warm-up (submaximal isometric index abductions), each
subject performed three 3-s isometric maximal index abductions
(MVC). The subjects rested 3 min between each MVC. The greatest
force achieved over a 100 ms interval was taken as the MVC force
and used as the reference to normalize the target force for the sub-
sequent submaximal bouts aimed at determining EMGFT. Follow-
ing this session, each subject rested 5 min, then performed
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isometric index abductions at randomly ordered percentages of
MVC (i.e., 20%, 25%, 30%, 35%, 40%, 50% and 60%) (Fig. 1B). Each
bout lasted 30 s. A 3-min recovery period was placed after the
bouts performed at 20%, 25%, 30%, 35% of MVC; and, a 5-min recov-
ery period was placed after the other bouts. This exercise duration
was chosen to avoid the accumulation of muscle fatigue to a min-
imal extent, and to be sure that all of the subjects were able to
maintain the required load during the testing period (especially
for the bouts performed at 50% and 60% of MVC). During each bout,
a visual feedback of the force signal was displayed on a monitor
placed in front of the subjects.

In order to test the reproducibility of the EMGFT determination,
12 out of the 37 subjects were studied twice, at two weeks interval.

2.4. EMGFT determination

The data processing was performed using standardized Matlab�

scripts (The Mathworks, Natick, USA). For each bout, and each EMG
channel, root mean square (RMS) and mean power frequency
(MPF) of the interference EMG obtained in FDI were calculated
with a time period of 3 s (corresponding to 10 RMS and MPF values
for each bout). EMGFT was then determined in the seven FDI EMG
channels, from both the EMG activity level (EMGRMSFT) and EMG
frequency domain (EMGMPFFT). In order to avoid the spatial vari-
ability of the EMG activity, EMGRMSFT and EMGMPFFT were also
determined from the averaged RMS and MPF values across the se-
ven channels, respectively. Because all of the motor units of the FDI
are recruited from about 50% of MVC (Milner-Brown et al., 1973),
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Fig. 2. Method for determining the EMG fatigue threshold. Panel A – MPF values were p
50% and 60% of MVC) and RMS values were plotted for only the five first bouts (see Metho
and the MPF vs. time relationship obtained wer plotted against force level (% of MVC). Th
and its 95% confidence interval are depicted. MVC, Maximal voluntary contraction; MPF
we observed no increase in RMS for the bouts performed at 50%
and 60% of MVC. Thus, they have not been taken into consideration
for EMGRMSFT determination. As shown in Fig. 2A, for each subject,
the rate of increase in RMS as a function of time and the rate of de-
crease in MPF (slope coefficient of the linear regression) was calcu-
lated for each of the first five bouts and for the seven bouts,
respectively. When the slope coefficient of RMS was negative
[179 cases out of 1295 (5 bouts � 7 channels � 37 subjects) cases],
or the coefficient of MPF was positive [81 cases out of 1813 (7
bouts � 7 channels � 37 subjects) cases], the bout was not taken
into consideration for EMGFT determination. Indeed, these cases,
mainly found for low intensity bouts, would show an absence of
muscle fatigue. The force levels were then plotted as a function
of slope coefficients for the RMS vs. time and MPF vs. time relation-
ships. The EMGRMSFT and the EMGMPFFT were defined as the y-inter-
cept of the relationship between force level and slope coefficient
(deVries et al., 1982; Hendrix et al., 2009b; Hug et al., 2009)
(Fig. 2B). The significance of the linear regression, the adjusted
coefficient of determination (R2) and the standard error for y-inter-
cept were then calculated (Origin 8, OriginLab corporation, USA).
We chose to report adjusted R2 because it is a more accurate good-
ness-of-fit measurement than the R2 when dealing with small sam-
ples. According to Hug et al. (2009), EMGFT was only determined if
the following criteria were met: (1) significant positive linear
regression (P < 0.05) between force and slope coefficient; (2) an ad-
justed coefficient of determination (R2) for force vs. slope coeffi-
cient relationship greater than 0.85; and, (3) a standard error
below 5% for the y-intercept (i.e., EMGFT).
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Table 2
Mean values for the subjects who exhibited a valid EMGRMSFT or a valid EMGMPFFT

from the averaged EMG data across the seven EMG channels.

Number of subjects Averaged EMG across the seven EMG channels

EMGFT

(% MVC)
Standard error
(% MVC)

R2

RMS 3 (8%) 13.8 ± 3.4 1.9 ± 1.7 0.93 ± 0.09
MPF 19 (51%) 17.6 ± 5.2 3.3 ± 1.1 0.89 ± 0.05

From the EMG data averaged across the seven EMG channels, three and 19 out of
the 37 subjects exhibited a valid EMGRMSFT or a valid EMGMPFFT, respectively. All
data are mean values ± standard deviation.
SD, Standard Deviation; MVC, Maximal Voluntary Contraction; R2, Adjusted coef-
ficient of determination.
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2.5. Statistical analysis

All analyses were performed with the statistical package SPSS
for Windows (version 10.1, SPSS, USA). EMGRMSFT and EMGMPFFT

values were compared by applying the procedure suggested by
Bland and Altman (1986). For this analysis, the mean difference
(bias) and the limit of agreement between the two EMGFT (ex-
pressed in percentage of MVC) were calculated. In the 12 subjects
studied twice, the reproducibility of the EMGFT occurence (ex-
pressed in percentage of MVC) was assessed by the intra-class cor-
relation coefficient (ICC) and the standard error of measurement
(SEM) (Hopkins, 2000).

3. Results

3.1. EMGRMSFT

Data for each subject are depicted in the supplementary file.
Using the criterion described above, EMGRMSFT was determined in
17 out of the 259 EMG channels (i.e., 37 subjects � 7 EMG chan-
nels). Nine out of the 37 subjects (i.e., 24%) exhibited a valid
EMGRMSFT for at least one EMG channel. Mean results obtained
for these nine subjects are depicted in Table 1. In these subjects,
it was possible to determine an EMGRMSFT in 1.9 ± 1.5 EMG chan-
nels (mean coefficient of variation among the EMG chan-
nels = 7.1 ± 3.1%). Taking into account the most precise EMGRMSFT

(i.e., the EMG channel with the lowest standard error) for each sub-
ject, EMGRMSFT was determined at 15.1 ± 4.0% of MVC (mean stan-
dard error = 2.5 ± 0.8% of MVC). The distribution of the detected
EMGRMSFT across the seven recording sites is depicted in Fig. 3. In
regard to this figure, it seems that it does not exist an ideal elec-
trode position. For the subjects who did not exhibit a valid
EMGRMSFT for at least one EMG channel (i.e., 28 subjects), the most
precise EMGRMSFT was determined at 22.2 ± 9.4% of MVC (mean
Table 1
Mean values for the subjects who exhibited a valid EMGRMSFT or a valid EMGMPFFT for at l

Number of subjects Among the seven EMG channels

Number of
valid EMGFT

Mean EMGFT

(% MVC)
C
v

RMS 9 (24%) 1.9 ± 1.5 15.1 ± 3.9
MPF 27 (73%) 3.4 ± 1.8 16.5 ± 6.2 2

Nine and 27 out of the 37 subjects exhibited, for at least one EMG channel, a valid EMGRM

EMG channels of the linear electrodes array. At the right, are depicted the data for the EM
are mean values ± SD.
SD, Standard Deviation; MVC, Maximal Voluntary Contraction; R2, Adjusted coefficient o
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Using the averaged RMS across the seven recording sites, fewer
subjects (i.e., 3 out of the 37 subjects) exhibited a valid EMGRMSFT.
Mean results obtained for these three subjects are depicted in
Table 2.
3.2. EMGMPFFT

Data for each subject are depicted in the supplementary file.
Using the criterion described above, EMGMPFFT was determined in
93 out of the 259 EMG channels (i.e., 37 subjects � 7 EMG chan-
nels). 27 out of the 37 subjects (i.e., 73%) exhibited a valid
EMGMPFFT for at least one EMG channel. Mean results obtained
for these 27 subjects are depicted in Table 1. For these subjects,
it was possible to determine an EMGMPFFT in 3.4 ± 1.8 EMG chan-
nels with a relatively high mean coefficient of variation among
these channels (21.3 ± 25.7%). Taking into account the most precise
EMGMPFFT (i.e., the EMG channel with the lowest standard error) for
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each subject, EMGMPFFT was determined at 17.3 ± 6.4% of MVC
(mean standard error = 2.9 ± 0.9% of MVC). The distribution of the
detected EMGRMSFT across the seven recording sites is depicted in
Fig. 3. In regard to this figure, it seems that it does not exist an ideal
electrode position. For the subjects who did not exhibit a valid
EMGMPFFT for at least one EMG channel (i.e., 10 subjects), the most
precise EMGMPFFT was determined at 16.7 ± 8.3% of MVC (mean
standard error = 5.6 ± 1.6% of MVC; mean adjusted R2 = 0.72 ±
0.11).

Using the averaged MPF across the seven recording sites, fewer
subjects (i.e., 19 out of the 37 subjects) exhibited a valid EMGMPFFT.
Mean results obtained for these 19 subjects are depicted in Table 2.

3.3. Comparison of EMGRMSFT and EMGMPFFT

As shown in Fig. 4, in the seven subjects who exhibited both an
EMGRMSFT and an EMGMPFFT, the Bland and Altman procedure
showed a bias of 0.14 ± 4.1% of MVC and a limit of agreement of
8.2% of MVC between the two EMGFT. Taking into account the most
precise EMGRMSFT and EMGMPFFT for each subject, the Bland and
Altman procedure showed a bias of �3.2 ± 8.9% of MVC and a limit
of agreement of 17.8% of MVC between the two EMGFT.

3.4. Reproducibility

None of the 12 subjects exhibited a valid EMGRMSFT twice and
only 7 out of the 12 subjects exhibited a valid EMGMPFFT twice.
Consequently, ICC and SEM were only calculated for the seven sub-
jects who twice exhibited a valid EMGMPFFT. In the case where a va-
lid EMGMPFFT was determined in different channels, the most
precise EMGMPFFT (i.e., lowest standard error) was retained to test
the reproducibility. ICC and SEM values were low (ICC = �0.029
and SEM = 7.5% of MVC). According to Fleiss (Fleiss, 1986), these
values would indicate a poor reproducibility.

4. Discussion

The present study aimed at determining EMGFT from the EMG
activity level (RMS) and the EMG frequency content (MPF) of the
First Dorsal Interosseous EMG signal. Using the criterion of validity
previously described (Hug et al., 2009), the results showed the
inability to determine a valid EMGFT in all of the 37 subjects from
both RMS (9 out of 37 subjects) and MPF (27 out of 37 subjects). In
addition, the reproducibility of the EMGMPFFT determination was
weak.

An EMGRMSFT was determined in only nine out of the 37 subjects
(i.e., 24%). These results are in line with Hug et al., 2009, who re-
ported an EMGFT from isometric muscle contractions of the super-
ficial elbow flexors for only one muscle, and only in three out of the
eight subjects tested. However, these results differ from those of
Hendrix et al. (2009c), who were able to determine an EMGRMSFT

in the entire population of subjects (i.e., 10 subjects) from a similar
elbow flexion task. This discrepancy could be explained by the fact
that the same criterion of validity as those reported by Hug et al.,
2009 have been used in the present study. This decision to apply
some precision criteria is supported by the idea that EMGFT should
be considered as a valid tool to assess muscle function/fitness level
only if the values are determined in a way that small changes over
the time or between subjects can be detected (Hug, 2010). How-
ever, in the study of Hendrix et al. (2009c), some of the EMGFT

determinations may present a high standard error (i.e., 15.5% of
the MVC).

In accordance with Hendrix et al., (2009a), the results of the
present study demonstrate that it is possible to determine an
EMGFT from MPF. Also, the use of the MPF enhanced the EMGFT

determination (i.e., 27 out of the 37 subjects; 73% of cases). Thus,
the use of the MPF seems to be more relevant than the use of the
RMS for EMGFT determination. This result is not surprising since
the better reliability of MPF compared to RMS for signaling fatigue
has previously been demonstrated (Dimitrova and Dimitrov, 2003).
More precisely, while neuromuscular fatigue can induce opposite
changes in EMG amplitude, the effects on MPF (muscle fiber con-
duction velocity, action potential duration, MU synchronization,
etc.) may all point in the same direction. However, even from the
MPF, we were not able to determine an EMGFT in all subjects, con-
trary to Hendrix et al. (2009a). Once again, this difference could be
certainly explained by the application of the three validity criteria.

Because of the inability to detect an EMGRMSFT in most of the
subjects and the weak reproducibility of the EMGMPFFT, it can be
concluded that the EMGFT is not a valid tool to assess muscle func-
tion. In addition, despite the fact that the bias between EMGRMSFT

and EMGMPFFT is very low (0.14% of MVC when taking into account
only the valid EMGFT), the limit of agreement between the two
EMGFT is relatively high (8.2% of MVC), indicating that the differ-
ence between the EMGRMSFT and EMGMPFFT is not systematic and
can vary from one subject to another.

Hug (2010) suggested that putative compensations between
muscles could compromise the EMGFT determination. Indeed, dur-
ing isometric flexions of the elbow at different contraction levels, it
has been observed that there are some changes in the relative con-
tributions of certain muscles (i.e., Biceps brachii and deltoid) (Hug
et al., 2009). Others studies (Sjogaard et al., 1986; Kouzaki et al.,
2002) reported a similar phenomenon, i.e., an alternating recruit-
ment of different synergists during an isometric task performed
until exhaustion. To avoid this limitation, we determined the
EMGFT from a simple task, the index abduction, involving mostly
one muscle: the First Dorsal Interosseous. In fact, this muscle is
responsible for 93% of the force production (Chao et al., 1989). In
addition, the design of our ergometer (Fig. 1A) was constructed
to avoid movement of the wrist and the forearm that would permit
exertion of force against the force transducer. Finally, since the
Adductor Pollicis could be used to compensate (this muscle is in-
volved in the closing of the index-thumb holder), we have recorded
the EMG activity of this muscle throughout the experiment. The re-
sults show a very low activity level of the Adductor Pollicis and no
changes in this activity level throughout each bout or between the
bouts. Considering all of these precautions, we can reasonably
hypothesize that no compensation between muscles occured dur-
ing the present study. Consequently, the inability to detect a valid
EMGRMSFT and EMGMPFFT in all subjects would not be linked to com-
pensations between muscles.

As mentioned in the introduction, nonhomogeneous distribu-
tion of EMG activity within the muscle has also been advanced



234 K. Bouillard et al. / Journal of Electromyography and Kinesiology 21 (2011) 229–235
as a limitation factor of the EMGFT determination (Hug, 2010). In-
deed, Zijdewind et al. (1995) reported opposite EMG changes over
time from distinct parts of the FDI during a sustained isometric
contraction. Using multichannel surface EMG, more recent studies
confirmed this result and showed that the center of gravity of the
EMG RMS map shifts during a sustained isometric contraction per-
formed until exhaustion (Farina et al., 2008). As a consequence, the
location of the EMG electrode may affect the EMG changes over
time and thus the EMGFT determination. To avoid this limitation,
we used a linear electrodes array which permitted us to record
the EMG signals from the whole FDI (i.e., seven bipolar EMG sig-
nals). In the most of the subjects, we were not able to determine
a valid EMGFT from all of the seven EMG channels of the FDI. Thus,
it seems that the electrode location really affects the EMG record-
ing and, consequently, the ability to determine a valid EMGFT. In or-
der to avoid this spatial variability, we averaged EMG activity (RMS
or MPF) for the seven channels and tried to determine an EMGFT

from these averaged evolutions. However, these averaged signals
did not improve the ability to determine a valid EMGFT. This result
demonstrates that the spatial heterogeneity of the muscular
recruitment is not enough to explain the inability to determine a
valid EMGFT in all subjects.

The results of the present study do not corroborate the hypoth-
esis that we proposed to explain the lack of precision in the EMGFT

determination (i.e., compensation between muscles and spatial
variability of muscle recruitment). The inability to accurately de-
tect an EMGFT in all subjects tested would be linked to other phys-
iological/non physiological factors such as the fact that the EMGFT

concept is based on the linear relationship between an increase in
EMG amplitude and the time during a submaximal exercise.
However, this relationship can be non-linear (Hug et al., 2004).
Since the model of EMGFT determination from DeVries et al.
(1982) is not adapted to non-linear evolution of RMS or MPF over
time, one would expect that it could mainly explain the inability to
detect the EMGFT in all tested subjects. Future studies could adapt
the model from DeVries et al. (1982) to non-linear evolutions of
EMG parameters.

In conclusion, the present study showed that putative compen-
sations between muscles and spatial heterogeneity of the muscular
recruitment could not explain the lack of precision of the EMGFT

usually reported in the literature. Although EMGFT could be an
appealing technique to evaluate muscle function from submaximal
exercises, the present study shows the inability to detect a valid
EMGFT in 100% of the cases analyzed and the poor reproducibility
of the EMGMPFFT. Consequently, the weak precision of its determi-
nation compromises its practical use (clinical or fitness evalua-
tion). The present results suggest that the EMGFT is not a valid
tool to assess muscle function.
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