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Abstract: It is widely accepted that a resting muscle does not present detectable electromyographic
signals at the skin surface (sEMG). For this reason, studies on resting muscle tone often focus on
measuring mechanical properties, such as stiffness, tension, and elasticity, either through palpation
or specific devices. In this study, the superficial flexor muscle of the fingers was analyzed. First, the
Power Spectral Density (PSD) was obtained in a resting state (PSD_pre). Subsequently, the muscle
was subjected to a fatigue protocol, and immediately, after returning to the resting state, the PSD
was measured once again (PSD_pos). The results suggest that the resting muscle exhibits detectable
electromyographic signals. The Wilcoxon signed-rank test indicates a statistically significant decrease
in PSD_pre compared to PSD_pos, with 95% confidence (p-value = 0.00443). Additionally, the mass of
the power distribution in the spectrogram shifts further to the left in PSD_pos, as indicated by 95%
confidence and a p-value of 0.01492. This suggests that the resting muscle, after experiencing fatigue,
exhibits a greater accumulation of power in its sEMG signal compared to the pre-fatigue state.
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1. Introduction
Muscle tone has received several definitions [1]. In this work, we will define muscle tone in

two categories: resting muscle tone (MTR) and postural muscle tone (MTP). The MTR is the tone
that the muscles exhibit when they are not exerting any force, not even to maintain posture. In
contrast, MTP refers to the tone that allows body stability in calm, gravity-neutral positions, such as
when reclining, sitting, or standing in a relaxed manner [2]. MTP tone allows the body to maintain
posture through muscle contractions that may be voluntary, but which, for the most part, occur
automatically and without conscious intervention. For instance, the muscles of the legs can make
voluntary contractions, but they can also be activated involuntarily to keep the body upright. MTP is
regulated by control mechanisms involving the spinal cord and cerebellum, and can be affected by
some diseases [3,4]. Various studies have found no electromyographic (EMG) activity in the muscle at
normal rest, suggesting the absence of electrical activity in the motoneurons involved [5,6]. Muscle
tone at rest is determined mainly by the viscoelastic properties of contractile tissue. For this reason,
the study of MTR and MTP is based on mechanical variables such as stiffness, tension and elasticity,
which can be evaluated manually by experts through palpation or with devices such as the Myoton [7].
Although it is considered that in the absence of certain pathologies, healthy muscle at rest does not
exhibit myoelectric activity [5,6], in this work we show that muscle at rest, both before and after having
been subjected to fatigue, appears to exhibit electrical activity, reflected in different patterns and PSD
properties of the sEMG signal.
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2. Materials and Methods
Twenty-eight participants, both male and female, were recruited for the study. Of these, twenty-

five were between 18 and 24 years old, and three were over 55 years old. The majority were students
(25 participants), while the remaining three were professors from the School of Engineering at the
Autonomous University of San Luis Potosí. The invitation was made through posters placed in the
hallways. The inclusion criteria were: no injuries to the hand, arm or elbow normally used (right
hand in right-handed people and left hand in left-handed people); not having any illness at the time of
measurements; not having ingested drugs or alcohol in the last 24 hours, caffeine, food or medications
8 hours previous to the study; not having subjected the forearm muscles to fatigue in the last 24
hours; and be willing to sign a letter of informed consent. The protocol was approved by the Bioethics
Committee of the School of Medicine of the Autonomous University of San Luis Potosí. The procedure
consisted of measuring the resting electromyographic activity (sEMG) of the superficial flexor muscle
of the fingers, before and after performing a maximum contraction with a Biopac dynamometer. First,
at rest, sEMG signals were recorded for 20 seconds. Then, each participant took the dynamometer and
exerted their maximum contraction force until it decreased to 50% of the initial force. Subsequently,
they released the dynamometer and kept their arm at rest for another 20 seconds. At the end of this
time, the data were stored and the experiment was terminated. The procedure is detailed below.

Protocol

1. The computer equipment and software were prepared to simultaneously record the sEMG signal
and the force exerted on a dynamometer.

2. The participant sat in a chair with a backrest, the electrodes were placed to record the sEMG
of the superficial flexor muscle of the fingers of the hand (see Figure 1) and the procedure was
explained in detail.

3. The participant was asked to place their forearm on a horizontal table, thus verifying that the
muscles were at complete rest and that no muscles near the electrodes were active.

4. The dynamometer was placed near the participant’s hand and they were instructed on how to
grasp and release it correctly, repeating the action several times to ensure that they understood
the procedure.

5. After confirming that the forearm was at rest, the measurement was started, recording the sEMG
activity for 20 seconds.

6. At the end, of the 20 seconds, the participant was instructed to take the dynamometer and exert
his maximum force, simultaneously recording the sEMG and the force exerted. This phase
concluded when the force dropped to 50% of the initial one.

7. Upon reaching 50% of the force, the participant was instructed to release the dynamometer and
return to the rest position for 20 seconds, recording the sEMG in this rest phase.

8. At the end of the last 20 seconds, the recording was stopped, the participant was informed of the
end of the experiment, the data was saved on disk and the electrodes were removed. The data
was obtained and processed with the Biopac Student Lab© (BSL) software version 4.1, using the
MP36© model under the Microsoft Windows© version 10 operating system.
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Figure 1. Two electrodes were placed on the forearm; a third electrode was placed near the elbow (not visible in
the image).

3. Data Analysis and Results
During this protocol, the muscle goes through three states: in the first state, ”Resting," the muscle

is in total rest and without fatigue (with at least 24 hours of rest). In the second state, ”Strength," the
muscle makes a maximum contraction, reaching a certain degree of fatigue when the force decreases
to 50% of the initial one. In the third state, ”Fatigued," the muscle is once again in total rest, similar to
the Resting state but now with accumulated fatigue.

For each of the 28 subjects, sEMG signals were analyzed using BSL 4.1 software to calculate the
PSD of a 20-second segment recorded during Resting (PSD_pre) and Fatigued (PSD_pos) states. The
objective was to assess whether fatigue influences the energy accumulated in the sEMG spectrum by
comparing PSD_pre and PSD_pos values.

In the Shapiro-Wilk normality test, a p-value = 3.668e−06 was obtained for PSD_pre and p-value =
2.15e−08 for PSD_pos, so it can be concluded that they do not follow a normal distribution. Both the
distribution of the PSD_pre and the PSD_pos seem to follow a power law (Figure 2), a pattern that
occurs both in natural phenomena and in those created by humans. In a power law distribution, low-
intensity events are very frequent and high-intensity events are rare; Examples include the frequency
of use of words in English, where few words are used a lot and many words are used very little, or the
magnitude of earthquakes; Low-intensity earthquakes are much more frequent than high-intensity
ones [8].

Figure 2. It can be seen in both histograms that low values of PSD are very frequent, and high values are very
infrequent, as happens in a power law distributions.
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In the Bootstrapping test, p-values of 0.003 and 0.567 were obtained for PSD_pre and PSD_pos
respectively, which allows us to say that PSD_pre, although quite similar, is not distributed as a power
law, while PSD_pos does exhibit a power law distribution. The bootstrap function of R software runs
simulations to assess how well a power law describes the data by comparing it to a range of synthetic
datasets [9].

To facilitate statistical analysis, we applied the log() function in R to transform the PSD_pre and
PSD_pos data (resulting in log_PSD_pre and log_PSD_pos), linearizing the power-law relationship.
The power law can be expressed as: y = kxa, where ”k" and ”a" are constants. By applying the
logarithm on both sides, a linear relationship is obtained: log(y) = log(k) + a log(x). This linear form
is easier to analyze with conventional statistical techniques. Data with power law distributions usually
present heteroskedasticity [10], that is, non-constant variance. The logarithmic transformation reduces
this heteroskedasticity, making the data more suitable for tests such as t-tests or Wilcoxon tests.

The Shapiro-Wilk test indicated that log_PSD_pre is not normally distributed (p-value = 0.00812),
while log_PSD_pos is (p-value = 0.07109). Therefore, the Wilcoxon signed rank test was used, suitable
for paired data not normally distributed. This test, performed in R, suggests a statistically significant
decrease in log_PSD_pre with respect to log_PSD_pos at 95% confidence (p-value = 0.00443). In other
words, the muscle at complete rest, after fatigue, shows a greater accumulation of power in its sEMG
signal compared to the pre-fatigue state.

Fatigue also appears to alter the symmetry of the power distribution in the spectrogram of
the sEMG signal. To investigate this change, the skewness of the PSD_pre and PSD_pos data was
calculated using BSL software. A Wilcoxon signed-rank test showed that, with 95% confidence and a
p-value of 0.01492, the mass of the power distribution in the spectrogram shifts further to the left in
PSD_pos (see Figure 3).

Figure 3. In the boxplot on the left (PSD), it can be observed that the median of log_PSD_pre (1) is lower than the
median of log_PSD_pos (2). In the boxplot on the right (Skewness), it can be observed that the median skewness
is higher in PSD_pos (2) compared to PSD_pre (1).

4. Discussion
The study presents several points to consider. The sample is relatively small, with a size of n=28,

twenty-five of them being 25 young male and female adults, between 18 and 24 years of age, while
the remaining three are adult men over 55 years old. No classification was made by tobacco use,
alcohol consumption or presence of diseases, since, with this reduced sample size, the data obtained in
these subgroups would not have been statistically significant. Furthermore, the participants belong
to a very specific group of the population: undergraduate students from the School of Engineering
of the Autonomous University of San Luis Potosí. PSD_pre measurements were taken immediately
before fatigue induction, while PSD_pos measurements were taken just after fatigue. However, we do
not have information on how long after fatigue the PSD maintains its properties; We assumed as an
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inclusion criterion that 12 hours of rest could be sufficient for the effects of fatigue to end. We are also
not sure of the reason or purpose of these changes: could they be a muscle strategy to recover from
fatigue, or simply an expression of a fatigued muscle?

5. Conclusions
It has been found using sEMG that muscle at rest appears to show electromyographic signals, and

that some properties of the power spectral density of those signals in muscle at rest, after having been
subjected to fatigue, appear to be different from the properties of those same signals in the muscle at
rest before said fatigue.
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