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ABSTRACT. Hug, F., D. Laplaud, A. Lucia, and L. Grelot. A com-
parison of visual and mathematical detection of the electromyo-
graphic threshold during incremental pedaling exercise: A pilot
study. J. Strength Cond. Res. 20(3):704–708. 2006.—During ex-
haustive incremental pedaling exercises, root mean square or
amplitude of integrated electromyographic values exhibits a
nonlinear increase, i.e., the so-called electromyographic thresh-
old (EMGTh). As proposed by various authors, this EMGTh could
be used as a complementary indicator of the aerobic–anaerobic
transition in physiological evaluations. However, most of these
studies used visual detection for the EMGTh and to date no pre-
vious study has shown the reliability of this type of EMGTh de-
tection. We aimed to compare a visual and a mathematical
method for EMGTh detection in each of 8 lower limb muscles
during incremental cycling exercise. Our results showed an over-
estimation in the number of cases in which EMGTh was detected
when using visual inspection (n � 45) compared with the math-
ematical method (n � 32). However, no significant differences
were observed between the 2 methods concerning the power out-
put at which EMGTh occurred. These results suggest that EMGTh

should be mathematically detected. In this context, coaches can
easily perform such measurements in order to evaluate the im-
pact of their training programs on the neuromuscular adapta-
tions of their athletes. For example, an automatic mathematical
detection of EMGTh could be performed during a pedaling exer-
cise in order to detect neuromuscular fatigue. Furthermore, this
index could be used during test or training sessions performed
either in a lab or in ecological situations. Moreover, the use of
EMGTh to predict ventilatory threshold occurrence could be an
interesting tool for trainers who cannot use the very expensive
devices needed to analyze respiratory gas exchanges.
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INTRODUCTION

E
xercise on a cycle ergometer is commonly used
in sports medicine for physical and physiologi-
cal evaluation. Ordinarily, the estimation of
muscle metabolism is based on measurements
of heart rate, lactate production, V̇O2, and the

determination of the 2 ventilatory thresholds character-
ized by nonlinear increases in minute ventilation. How-
ever, a pivotal variable, i.e., global electromyographic
(EMG) activity (root mean square [RMS]), is less used.

For many years, surface EMG has been used as a non-
invasive method to quantify the level of activation of
working skeletal muscles. During exhaustive incremental
exercises, although some authors found a linear relation-

ship between the RMS of EMG or the amplitude of inte-
grated EMG (iEMG), on the one hand, and workload lev-
el, on the other (2, 20, 21), a nonlinear increase of RMS
or iEMG values has been considered a typical pattern (1,
5, 7, 9, 14, 17, 22). This breakpoint, the so-called EMG
threshold (EMGTh), has been linked to overrecruitment of
new motor units, particularly of those made up of Type
II fibers, to maintain the required energy supply for con-
traction (15). Moreover, various studies have showed a
correlation between the occurrence of the first ventilatory
threshold (VT1) and the EMGTh (12–14, 17, 22) or the sec-
ond ventilatory threshold (VT2) (4, 6, 7, 12, 13). Therefore,
other investigators have demonstrated the between-days
reproducibility of the EMGTh occurrence (11, 13). For all
these reasons, and as proposed by several authors (10,
13, 14, 17), the EMGTh could be a new noninvasive esti-
mation of the metabolic response to incremental exercise.

However, most of these studies used visual detection
of the EMGTh. Also, surface EMG remains a method less
used than ventilatory threshold assessment in exercise
physiology. Even if simple visual inspection has proven
to be valid for VT1 and VT2 detection (19), to date no pre-
vious study has shown the accuracy and/or reliability of
EMGTh visual detection.

The aim of this study was to compare a visual and a
mathematical method of EMGTh detection in each of 8
lower limb muscles during an incremental leg-pedaling
exercise.

METHODS

Experimental Approach to the Problem
In order to compare visual and mathematical detection of
the EMGTh, we analyzed RMS response of 8 lower limb
muscles to an incremental pedaling exercise. For each
muscle and each subject, 2 independent observers visu-
ally detected the EMGTh. The results given by each ob-
server were compared using the kappa coefficient. The
EMGTh was also mathematically detected.

First, we compared the number of times EMGTh was
detected by using the 2 different methods (quantitative
analyses); in a second step, we compared these 2 methods
in term of power output at which the EMGTh occurred
(qualitative analyses).

Subjects
Six healthy men (age � 27 � 1 years; height � 180 � 10
cm; body mass � 78 � 9 kg), volunteered for the study
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and gave informed consent. Subjects were not engaged in
regular athletic activities, but they performed 3 � 1 hours
of recreational activities (football, climbing, basketball,
swimming, and rugby) per week. The experiment was
conducted in accordance with the code of ethics of the
World Medical Association (Declaration of Helsinki) and
approved by the local ethic committee (Consultative Com-
mittee for the Protection of the People in Biomedical Re-
search).

Study Protocol

Each subject performed an incremental cycling test until
exhaustion on an electrically braked cycle-ergometer (Ex-
calibur Sport, Lode, The Netherlands). The progressive
exercise consisted of a 3-minute constant level warm-up
(at 100 W) after which power output was increased by 25
W·min�1. Subjects wore cycling shoes with clipless pedals
and maintained pedal cadence within the 75–85
rev·min�1 range. The test ended upon volitional exhaus-
tion of the subjects or when cadence could not be main-
tained at a minimum of 75 rev·min�1.

EMG Recording and Analysis

EMG activity was continuously recorded from the follow-
ing 8 muscles of the right lower limb: vastus lateralis,
rectus femoris, vastus medialis, semimembranosus, bi-
ceps femoris, gastrocnemius lateralis, gastrocnemius me-
dianus, and tibialis anterior. A pair of surface electrodes
(Universal Ag/AgCl electrodes; Contrôle Graphique Med-
ical, Brie-Comte-Robert, France) was attached to the skin
with a 2-cm interelectrode distance. The electrodes were
placed longitudinally with respect to the underlying mus-
cle fiber arrangement and located according to the rec-
ommendations of Surface EMG for the Non-Invasive As-
sessment of Muscles (8). Prior to electrode application,
the skin was shaved and cleaned with alcohol in order to
minimize impedance. The wires connected to the elec-
trodes were well secured with tape to avoid movement-
induced artifacts.

Raw EMG signals were preamplified (gain 375) close
to the electrodes, and band pass was filtered between 8
and 500 Hz, amplified (ME3000P8; Mega Electronics
Ltd., Kuopio, Finland), and analog-to-digital converted at
a sampling rate of 10 kHz. The RMS was averaged every
5 crank revolutions (corresponding to about 3 seconds at
85 rpm) throughout the test.

Visual and Mathematical Determination of EMGTh

EMGTh was first determined mathematically (EMGTh

Math) using a computer algorithm (Centro de Datos;
UCM, Madrid, Spain) that models RMS response to grad-
ual exercise using simple linear regression (14). With this
method, a single linear regression is fitted to all data
points. A brute force method is then used to fit 2 lines to
the data points. The program calculates regression lines
for all possible divisions of the data into 2 contiguous
groups, and the pair of lines yielding the least pooled re-
sidual sum of squares is chosen as representing the best
fit. Figure 1a shows an example of the aforementioned
mathematical determination of EMGTh in 1 of the sub-
jects’ muscles.

Two independent observers (who were unaware of the
results of the mathematical method) visually detected the
EMGTh as the breakpoint occurring in absolute and rela-
tive RMS values throughout the incremental test. An in-

dividual example of the aforementioned visual detection
of EMGTh is depicted in Figure 1a,b.

Statistical Analyses
Statistical analyses were performed using the statistical
package SPSS for Windows (version 10.1; SPSS, Chicago,
IL). Results were expressed as mean � SD.

The interobserver variation of EMGTh determination
was assessed using the kappa coefficient. Interobserver
agreement was classified as follows: poor, � � 0–0.20;
fair, � � 0.21–0.40; moderate, � � 0.41–0.60; good, � �
0.61–0.80; and excellent, � � 0.81–1.00.

Intraclass correlation coefficient (ICC) was deter-
mined as the criterion of concordance between the 2
methods. The ICC was defined as the ratio of the intra-
class variance and the total variance. Good reliability oc-
curred when the ICC ranged from 0.8 to 1.

Further analysis of the reliability of visual and math-
ematical EMGTh detection methods was accomplished by
applying the procedures suggested by Bland and Altman
(3). For this analysis, the mean difference (bias) and SD
of the differences between the mean values of EMGTh (in
W) obtained using mathematical and visual determina-
tion were calculated. The data were shown graphically,
comparing the difference between the 2 methods against
their average value in W. The mean difference (bias) was
indicated in the graph.

We also applied the statistical procedure described by
Passing and Bablok (18) for testing the equality of mea-
surements from the 2 methods. After testing for a linear
relationship between the results of the 2 methods, confi-
dence limits are given for the slope beta and the intercept
alpha. These are used to determine whether there is only
a chance difference between beta and 1 and between al-
pha and 0.

RESULTS

The 2 observers visually detected the same EMGTh, and
the kappa coefficient was 0.88, showing an excellent con-
cordance between the 2 observers for the power output of
each EMGTh. Table 1 shows the number of subjects with
an EMGTh visually and mathematically detected during
the incremental test. Visual detection overestimated the
number of cases of actual EMGTh occurrence, i.e., there
were totals of 45 and 32 for visual and mathematical de-
tection, respectively. ICC values showed a good concor-
dance between the 2 methods concerning the power out-
put at which the EMGTh occurred. An individual example
of both visual and mathematical detection of EMGTh is
depicted in Figure 1a. Figure 1b depicts 1 case in which
EMGTh was visually but not mathematically detected.

The Passing and Bablok regression and the Bland and
Altman procedure (Figure 2) confirm the ICC results,
showing a good concordance of the 2 methods regarding
determination of the power output at which EMGTh oc-
curs.

DISCUSSION

This is the first study to compare, in 8 lower limb mus-
cles, visual and mathematical detection methods for the
EMGTh. Our results showed an overestimation of the
number of EMGTh cases using visual detection. However,
no significant difference existed between the 2 methods
(i.e., visual vs. mathematical) concerning the power out-
put at which the EMGTh occurred.
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FIGURE 1. Individual examples of the mathematical and visual determination of electromyographic threshold (EMGTh) on the
vastus lateralis muscle. (a) EMG threshold mathematically and visually detected. (b) EMG threshold only visually detected.

TABLE 1. Detection of EMGTh.*

Number of subjects showing

EMGTh Vis EMGTh Math
Both EMGTh Vis
and EMGTh Math

No EMGTh Vis
and no EMGTh Math

Power (W)

EMGTh Vis EMGTh Math ICC

VL
RF
VM
SM
BF
GL
GM
TA

6
6
6
4
6
6
5
6

6
4
5
2
5
4
2
4

6
4
5
2
5
4
2
4

0
0
0
2
0
0
1
0

250 � 42
225 � 35
240 � 33
275 � 0
235 � 42
231 � 43
250 � 70
256 � 43

254 � 33
225 � 35
240 � 42
250 � 35
260 � 72
237 � 33
275 � 70
244 � 43

0.88
0.91
0.94

0.87
0.67

0.83
All muscles 45 (93.7%) 32 (66.7%) 32 (66.7%) 3 (6.2%) 241 � 38 248 � 43 0.86

* Data are shown as mean � SD. EMGTh � electromyographic threshold; Vis � visually determined; Math � mathematically
determined; ICC � intraclass correlation coefficient; VL � vastus lateralis; RF � rectus femoris; VM � vastus medialis; SM �
semimembranosus; BF � biceps femoris; GL � gastrocnemius lateralis; GM � gastrocnemius medianus; TA � tibialis anterior.

Our results show that visual determination of EMGTh

occurrence is a subjective method; it could be influenced
by the experience and skill of the examiners. To avoid
this, some authors have used various mathematical mod-
els to determine EMGTh, comparing slopes that have been
calculated using the EMG-intensity relationship (7, 16).
The problem of such a determination is that the subject

must perform various constant-load exercises. In con-
trast, one of the advantages of our mathematical method
is that it can be applied during a single incremental ped-
aling exercise. Moreover, this mathematical method has
been shown to be reproducible and reliable for EMGTh de-
termination (11, 13).

However, interference of EMG signals with movement
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FIGURE 2. (a) Graphic analysis of the power output data (in
W) corresponding to the electromyographic threshold (EMGTh)
as visually and mathematically detected. Data for all muscles
are shown. Only the data points from the 32 EMGTh that were
both visually and mathematically detected are shown in this
figure. Several values are identical; that is why there are only
21 visible values on the diagram. (b) Passing and Bablok
regression. We found no significant deviation from linearity ( p
� 0.1).

artifacts may occur. For this reason, any completely au-
tomated method for identification of EMGTh needs to rec-
ognize and reject traces in which the EMGTh is confused
by artifacts. Currently, no method exists with the com-
plex pattern recognition skill required to perform this
task. Until this is achieved, it is necessary to visually
check each trace against the computer-derived values to
ensure that the EMGTh is meaningful.

PRACTICAL APPLICATIONS

To conclude, we showed that mathematical detection of
EMGTh is a more objective method to detect the nonlinear
increase of RMS or iEMG values during an incremental
exercise. The other advantages of this mathematical
method are the reduced time required to perform analy-
sis, and a lower requirement for investigator experience,
because the only requirement of the investigator is to en-
sure that movement artifacts or other interferences do
not affect EMGTh detection. In this context, coaches can

easily perform such measurements in order to evaluate
the impact of their training programs on the neuromus-
cular adaptations of their athletes. For example, an au-
tomatic mathematical detection of EMGTh could be per-
formed during a pedaling exercise in order to detect neu-
romuscular fatigue. Furthermore, this index could be
used during test or training sessions performed either in
a lab or in an ecological situation. Moreover, the use of
EMGTh to predict VT occurrence could be an interesting
tool for trainers who cannot use the very expensive de-
vices needed to analyze respiratory gas exchanges.

Also, the results of previous studies using only visual
detection of EMGTh should be reconsidered.
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