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Introduction

Disturbed sleep is detrimental for individual health, well-
being, and work productivity.1 Sleep disturbance may
be secondary to sleep deprivation, involving a sustained
state of wakefulness with no effective sleep (such as for
one or more whole nights), or sleep restriction, which is

typically associated with a chronically-reduced sleep dura-
tion (such as when humans fall asleep later or wake earlier
than normal).1,2 In athletes, sleep can frequently be dis-
turbed in the 24hours that precede decisive competitions or
qualifiers, and this can impairmotivation,3which is essential
for exercise performance. In addition, travelling to a distant
place to compete is also quite frequent in sports,4 which can
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Abstract Objective The impact of sleep deprivation on the physiological determinants of
explosive torque production remains poorly understood. We aimed at determining the
acute effects of 24 hours of sleep deprivation on the sequential rate of torque
development (RTD) obtained during plantar flexion through maximum voluntary
isometric contraction (MVIC).
Materials and Methods The study included 14 healthy-young adults (8 men and 6
women). The participants visited the laboratory on 2 different occasions: without and
with 24 hours of sleep deprivation. In each session, the subjects were tested for RTD of
the plantar flexors with concomitant recordings of the electromyographic (EMG)
amplitude of the soleus over the following time intervals: 0 to 30, 30 to 50, 50 to
100, and 100 to 150ms.
Results Sleep deprivation did not affect peak RTD (without sleep deprivation:
283.3�111.6 N.m.s-1 versus with sleep deprivation: 294.9�99.2 N.m.s-1; p>0.05)
of plantar flexion. The sequential values of RTD, as well as the normalized amplitude of
the soleus EMG, remained similar between both conditions (p>0.05).
Discussion In conclusion, we found that 24 hours of sleep deprivation do not affect
muscle activation, nor explosive torque production throughout the torque-time curve.
Thus, exercise performance and daily functionality in tasks involving rapid torque
development might remain well preserved after 24 hours of acute sleep deprivation.
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impact sleep quality or quantity due to unfamiliar environ-
ments. Thus, examining the impact of 24hours of sleep
deprivation in motor performance is relevant in the context
of sports.

Recent research5 revealed that motor control is affected
by 24hours of sleep deprivation, acting as an additional
determinant of antagonist/agonist coactivation during max-
imum voluntary isometric contractions (MVICs) towards
increased joint stiffness. Such pattern of change, particularly
when occurring in flexor-extensor muscle pairs, has been
widely associated with slower movement.6 Whether this
effect is accompanied by a sleep-related reduction in explo-
sive torque production (that is, rate of torque development –
RTD) has not yet been determined.

The RTD represents the rate of rise of the torque-time
curve (D torque/D time), and it is important in circumstances
when torque-production times are short (100ms to 300ms,
for example), such as when reversing a fall or in several
athletic events (like jumps, throws, sprints).7 In specific, peak
RTD represents the highest RTD value of the torque-time
curve, measured over epochs of 20ms.8 There is general
agreement that RTD depends both on neural as well as on
muscular factors,9 and it has been suggested that the pre-
dominance of these specific mechanisms changes over time
during the course of each contraction.10,11 During the first
50ms of contraction, the RTD is primarily influenced by the
capacity of the central nervous system to induce maximal
muscle activation.11 From then on (> 50ms), the RTD ismore
strongly related with changes in intrinsic contractile prop-
erties and maximum muscle strength.10

Alterations in the RTD in response to experimental inter-
ventions arenotonlycausedbychanges inmusclemorphology
andarchitecture, butalsobyadaptations in thecentralnervous
system (primarily due to the motor unit discharge rate).12,13

Themeasurement of surface electromyographic (EMG) activi-
ty, which reflects the activation of a large area of muscle
underlying the recording electrodes, has provided evidence for
parallel increases in RTDandEMGamplitude after regimented
resistance training.12,13 However, there are several methodo-
logical issues associated with EMG measurements during
voluntary muscle contractions that are likely to compromise
both between- and within-person comparisons (such as elec-
trode position and thickness of the subcutaneous adipose
tissue).14,15 To overcome these limitations, EMG epochs are
often normalized using evoked responses, namely the motor
(M-) wave.16 The M-wave represents the compound muscle
action potential resulting from the direct and synchronous
depolarization ofmotor axons innervating themuscles.17 This
response can be easily elicited via percutaneous electrical
nerve stimulation at the periphery, and it is highly reliable,
as demonstrated in past research.18

Previous research19,20 indicates that 60hours of sleep
deprivation do not affect the peak RTD of the knee extensors
or forearm flexors. More recently, it was also demonstrated
that two nights of sleep deprivation reduced knee-extension
MVIC, but not the peak RTD.21 Thus, there is compelling
evidence that the peak RTD remains virtually unaltered in up
to 60hours of sleep deprivation. Despite the relevance of

these findings, it is important to note that the peak RTD does
not discriminate between the different mechanisms under-
lying explosive torque production. Thus, based on these
concepts, a more detailed analysis of the rising torque–
time curve might enable a better characterization of how
sleep deprivation affects explosivemotor actions. Ultimately,
this approach may unravel different interactions between
acute sleep deprivation and known predictors of RTD (such
as neural versus muscular impact).

Therefore, we sought to investigate the effects of 24hours of
sleep deprivation on the sequential periods of RTD for plantar
flexion MVIC and the corresponding normalized EMG ampli-
tude of the soleusmuscle. The soleusmuscle is particularlywell
suited for this specific purpose, because it is a monoarticular
muscle that enables a complete dissociation between the
latency of its M-wave (5ms to 8ms) and H-reflex (30ms to
45ms),16 which is methodologically critical in identifying the
motor response, assessed by electrical stimulation of the tibial
nerve, that is essential for normalizing the sequential periods of
EMG recordings. Since sleep deprivation has been purported to
exert a negative impact onmuscle strengthvia disturbedneural
function,2wehypothesized thatRTDandEMGamplitudewould
be diminished in the early phase of MVIC, but not in the last
period of the rising torque-time curve.

Materials and Methods

Participants

Ethical Considerations
The experimental protocolwas approved by the institutional
Ethics Committee (CEFMH no. 13/2019) and is in accordance
with the Declaration of Helsinki. Prior to study entry, the
risks and procedures were explained in detail, and written
informed consent was obtained from all participants.

Selection Strategies
According to a recent study21 with a crossover design, the
MVIC is equivalent to 245.5�51.4 Nm and 307.7�75.3 Nm
with and without sleep deprivation respectively. If the
difference between these values represents the true differ-
ence between conditions, a sample size of 14 participants
was determined to achieve 95% of power to correctly reject
the null hypothesis. The MVIC values were considered for
sample size calculations, due to an absence of effects relative
to the impact of sleep deprivation on the peak RTD in two
previous studies.20,21 Thus, 14 young and healthy volunteers
(8 men, 6 women;mean age: 21.8�2.5 years) were included
in the study. Recruitment was performed in local communi-
ties and the institution’s surroundings via word of mouth.

Inclusion and Exclusion Criteria
Participants taking no medications, with normal blood pres-
sure (� 120/80mmHg)22 were included. The exclusion crite-
ria were active smoking status, known metabolic disease,
cardiovascular disease, respiratory disorders, and orthopedic
issues limiting exercise performance (assessed by a health-
screening questionnaire). At baseline, the participants filled

Sleep Science Vol. 16 No. 4/2023 © 2023. Brazilian Sleep Association. All rights reserved.

Effects of Sleep Deprivation on Explosive Force Gonçalves et al. 455



out a questionnaire on quality of sleep, the Portuguese
version of the Pittsburg Sleep Quality Index (PSQI-PT).23

Poor sleep quality was defined as an exclusion criterion by
a cut-off value of � 5 (on a scale of 0 to 21). Moreover, the
participants were asked to follow normal sleep-wake pat-
terns and to record sleep time on the three days preceding
each testing session (except during the night of sleep depri-
vation), which was reported upon arrival at the laboratory.
This was performed to exclude all participants exhibiting
persistent sleep restriction (< 7hours of sleep duration/day)
that could interfere with the experimentally-induced effects
of 24hours of sleep deprivation.

Study Design
The present study has a crossover design, withmeasurements
taken with and without 24hours of sleep deprivation and the
participants acting as their own controls. The participants
were familiarized with the experimental protocol before the
first testing day. Each participant was required to visit the
laboratory twice, with an interval of 5 to 7 days between
testing sessions. In a randomized and counterbalanced order,
each session was preceded by either a night of normal sleep
(without sleep deprivation) or a night of total sleep depriva-
tion. The participants were asked to arrive at the laboratory
early in the morning, with a fasting period of 4hours. All
testing sessions were conducted between 7am and 11am, to
avoid daily variations in muscle strength related to human
circadian rhythms.24 Each participant was requested to avoid
ingestion of xanthine derivatives 8 to 12hours before the
experimental sessions and physical exercise for at least
24hours before testing. On each session, the participants
were tested for plantar flexion RTD (isometric testing), with
surface EMG recordings of the soleus muscle.

Sleep Conditions
In the experimental session without sleep deprivation, the
participantswere instructed to sleep adequately at home, for 7
to 9hours, and to record the precise time they got into and out
of bed. After waking up, they reported to the laboratory for
testing. In the sleep deprivation condition, volunteers were
advised to remain at home, where they were allowed to
perform sedentary and light activities, limiting the differences
in physical activity andmental stress between conditions.25,26

Theparticipantswere asked to return to the laboratoryearly in
the morning, in a sleep-deprived state. They were provided
with a GT3Xþ accelerometer (Actigraph, LLC, Pensacola, FL,
UnitedStates), asused inprevious researchonsleep restriction
and physical performance,27 in order to confirm the sleep
deprivation status of each participant. This device has been
shown to be valid and reliable to detect sleep–wake pat-
terns.28,29 Further methodology details on activity-based
monitoring can be consulted on previous research.5

Instrumentation

Characterization of the Participants
Anthropometric measurements (height and body mass)
were taken at baseline using a stadiometer and a standing

digital scale (BF350, Tanita Corporation, Tokyo, Japan). Blood
pressure was also measured at baseline in duplicate (Tango,
SunTech Medical, Inc., Morrisville, NC, United States).

Torque
All assessments were made unilaterally on the participants’
dominant lower limb, using a System 3 Pro isokinetic dyna-
mometer (Biodex Medical Systems, Inc., Shirley, NY, United
States). Themeasurementswere taken in the seated position,
with the participants maintaining their hips and knee flexed
at 120° and ankle at 110° of plantar flexion.30 The flexed
position at the knee joint was chosen to reduce the mechan-
ical contribution of the gastrocnemii to the plantar flexor
contraction.31 The axis of rotation of the dynamometer was
aligned with the anatomical ankle flexion–extension axis.
The dynamometer torque signal was sampled at an analog-
to-digital conversion rate of 1,000Hz by using an external
analog-to-digital converter (USB-6251, Emerson, St. Louis,
MO, United States). Then, the signal was smoothed offline
using a digital fourth-order, zero-lag Butterworth filter with
a low-pass cutoff frequency of 10Hz.

Surface Electromyography
In both testing sessions, the soleus surface EMG electrode
(DE 2.x series EMG sensors, Delsys, Inc., Natick, MA, United
States) was placed in accordance with the recommendations
for the noninvasive assessment ofmuscle electromyographic
signals.32 To decrease the impedance of the interface be-
tween the skin and the electrode, the skin was prepared by
removing hair through abrasion and then cleaning with
alcohol. A two-slot adhesive interface was used to firmly
stick each EMG sensor to the skin. A strap electrode soaked in
water was used as ground, positioned at the ankle distal to
the recording electrode. Once the appropriate electrode
placements were confirmed, these locations were marked
with indelible ink to ensure consistency for future test
sessions. Surface EMG signals were band-pass filtered
(10Hz to 2,000Hz) and amplified to a total gain of 1,000
using a Bagnoli-8 amplifier (Delsys, Inc.). Then, a 16-bit
analog-to-digital converter (USB-6251, Emerson) was used
to sample the signal at 10 kHz. The EMG data were recorded
in synchrony with the torque signal originating from the
System 3 Pro isokinetic dynamometer (Biodex Medical Sys-
tems, Inc.) using the Mr. Kick software (Knud Larsen, Center
for Sensory-Motor Interaction , Aalborg University, Aalborg,
Denmark).

Percutaneous Electrical Stimulation
The posterior tibial nerve was stimulated with a constant
current isolated stimulator (STMISOLA, Biopac Systems, Inc.,
Goleta, CA, United States). Each participant was initially
familiarized with a range of electrical stimuli (1mA to
40mA) over a period of� 5minutes. A self-adhesive cathode
(with 8mm in diameter, silver/silver chloride [Ag/AgCl]) was
placed in the popliteal fossa, and the anode (5�10, Compex
Médical SA, Écublens, Switzerland) was placed proximal to
the patella. Thefinal placement of the cathodewas identified
using a handheld ball-milled cathode (with 0.5 cm in
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diameter). Once the position eliciting the greatest response
with the minimum stimulus intensity was determined, the
stimulation electrode was firmly fixed to this site with rigid
straps and taping.18

Experimental Procedures

M-wave Recruitment Curve
The motor response was elicited while each participant
maintained a low-level tonic contraction of the plantar
flexors (10% of MVIC) – all participants were provided
with online visual feedback of the torque exerted, which
was displayed on a computer monitor. Initially, by delivering
three 1-ms rectangular pulses at each intensity level, the
current intensity was increased by 5mA from 0 until there
was no further increase in the peak twitch torque, nor in the
concomitant peak-to-peak M-wave amplitude. The current
intensity was defined as that of the upper current. Then, to
construct theM-wave recruitment curve, the upper intensity
was divided into 22 segments that were equally separated on
a logarithmic scale. For each current intensity, 16 stimuli
were delivered at 3-s intervals with 2 m of rest every 88
stimulations.33

Rate of Torque Development
The RTD for the planta -flexion exercise was determined
based on three isometric contractions, and the trial with the
highest peak RTD was used for analysis.10 The participants
were instructed to exert their maximum force as “fast and
hard as possible”, and were then allowed to rest for 60 s
between each trial.7According to the available literature, this
verbal instruction is well suited to maximize the RTD during
voluntary contractions.9 The torque level was displayed on a
sensitive scale to provide biofeedback, and the participants
were instructed to avoid countermovement or pre-tension
(change in baseline torque during the 100ms prior to con-
traction onset). Plantar flexions were repeated whenever
pre-tension or countermovement were identified. Each test-
ing session began with a brief warm-up protocol consisting
of 5 to 10 submaximal isometric plantar flexions (at 60% to
70% of the maximum effort perceived by the participant).

Data Analysis

Rate of Torque Development
The signal onsets of all voluntary contractions were visually
identified following previous recommendations.29 The RTD
(D torque/D time) was quantified as the average slope of the
torque-time curve for 4 sequential time periods (0ms to
30ms; 30ms to 50ms; 50ms to 100ms; and 100ms to
150ms). Finally, we also computed the peak RTD as the
steepest part of the curve using a moving sampling window
of 20ms.8

Electromyography
Average rectified values (ARVs) were extracted from the
soleus EMG recordings. The ARVs were calculated over the
following timewindows: 0ms to 50ms, 50ms to 100ms, and

100ms to 150ms. The peak-to-peak amplitude of the M-
wavewas computed offline from unrectified EMG epochs. To
reduce the variability among participants, the soleus ARV
was normalized to the maximum motor wave (Mmax, taken
as the single largest M-wave recorded during the construc-
tion of the recruitment wave).10,35

Statistical Analysis
All data were tested for normality using the Shapiro-Wilk
test. Paired-samples t-tests were used to explore differ-
ences between conditions in sleep-wake patterns (with
versus without sleep deprivation) and the peak RTD. Two-
way analysis of variance (ANOVA) with repeated measures
was used to evaluate the effects of sleep deprivation on the
sequential RTD obtained throughout the rising torque-
time curve (Condition [2]: with sleep deprivation versus
without sleep deprivation x Time [4]: RTD 0–30ms versus
RTD 30–50ms versus RTD 50–100ms versus RTD 100–
150ms). A similar approach was used to explore the
impact of sleep deprivation on the sequential soleus
EMG obtained throughout the rising torque-time curve
(Condition [2]: with sleep deprivation versus without
sleep deprivation x Time [3]: ARV 0–50ms versus ARV
50–100ms versus ARV 100–150ms). The Greenhouse-
Geisser corrected values were used when the assumption
of sphericity was violated. Adjustment for multiple com-
parisons was made with the Bonferroni correction. The
partial eta-squared values (n2; proportion of total variance
that is attributable to an effect) were reported for all
significant and non-significant main effect analyses (small
effect: 0.010–0.060; medium effect: 0.060–0.140; large
effect:> 0.140).36 All data are reported as mean� stan-
dard deviation (SD) values. Statistical significance was set
at p< 0.05. Data analysis was performed using the IBM
SPSS Statistics for Windows (IBM Corp., Armonk, NY,
United States) software, version 25.0.

Results

None of the 14 participants (mean age: 21.8�2.5 years;
mean height: 168.7�7.3 cm; mean weight: 63.0�9.6 kg;
and mean body mass index [BMI]: 22.1�2.2 kg/m2) showed
any signs of persistent sleep restriction on the 3 days that
preceded each experimental condition (sleep duration>7.5
h/day). Moreover, no participant was excluded at baseline
due to poor sleep quality (mean PSQI-PT score of 3.4�1.3).
Sleep efficiency and the number of physically-active epi-
sodes during the nights that preceded both experimental
sessions were both significantly different under the two
conditions (p<0.05), which enabled us to confirm sleep
deprivation in each participant. These data were published
in Gonçalves et al.5

The peak RTD obtained during plantar flexion MVIC was
similar regarding the two conditions (without sleep depri-
vation: 283.3�111.6N.m.s-1; with sleep deprivation:
294.9�99.2N.m.s-1; t¼ -0.67; p¼0.512; n2¼ 0.034)
(►Figure 1). The RTD and soleus ARV data throughout
the rising force-time curve with and without sleep
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deprivation are depicted in ►Table 1. The sequential RTD
revealed no significant main effects for condition (F¼ 0.09;
p¼ 0.762; n2¼ 0.009) or condition-by-time interaction
(F¼ 0.58; p¼ 0.506; n2¼ 0.050). In contrast, there was a
significant time main effect for the sequential RTD
(F¼ 31.8; p< 0.0001; n2¼ 0.743). Post-hoc tests revealed
that the steepest portion of the torque-time curve was
attained during the first 50ms of contraction. The RTD
increased progressively from the 0-30ms to the 30-50ms
interval (RTD 0-30ms versus RTD 30-50ms versus RTD
50-100ms; p< 0.0001). From then on, the TD did not
exhibit further changes (RTD 50-100ms versus RTD 100-
150ms; p¼ 0.267) (►Figure 2).

ThesoleusARVobtainedat selected timewindowsthrough-
out the rising torque-time curve was similar under the two
conditions (condition main effect: F¼0.09; p¼0.774;
n2¼ 0.008) and remained unchanged over time (time main
effect: F¼ 2.1; p¼ 0.147; n2¼ 0.160) (►Figure 3). Finally,
there were no condition-by-time interactions for the soleus
ARV (F¼ 0.05; p¼ 0.951; n2¼ 0.005).

Discussion

The present study aimed to investigate the effects of 24hours
of sleep deprivation on the sequential periods of RTD
obtained throughout the torque-time curve in response to
plantar flexion MVIC and the corresponding normalized
EMG amplitude of the soleus muscle. We found that neither
the RTD, nor the soleus sequential EMG were altered after
24 hours of sleep deprivation. These results agree with those
of past reports18,19,21 demonstrating that the peak RTD and
EMG amplitude remain well preserved after 48-60 hours of
sleep deprivation. However, the novelty of the present study
is that, in contrast with what was hypothesized, sleep
deprivation had virtually no impact on the RTD obtained
either in the early or the last stage of MVIC.

There is general agreement that the RTD is highly related
to physical performance in sports and functionality in tasks
of daily living.9 The RTD is rapidly and profoundly affected by

Fig. 1 Peak RTD obtained with and without sleep deprivation. The
dashed lines represent individual participants and the solid black line
represents the mean value of all cases.

Table 1 Absolute RTD and normalized soleus ARV obtained with and without sleep deprivation during MVICs.

Variables Without sleep
deprivation:
mean� SD

With sleep
deprivation:
mean� SD

p-value Eta-squared values

RTD

RTD 0–30ms (in N.m.s�1) 116.2�16.0 109.4� 13.9 0.462 0.050

RTD 30–50ms (in N.m.s�1) 201.4�26.9 199.9� 25.8 0.894 0.002

RTD 50–100ms (in N.m.s�1) 253.7�31.9 262.9� 32.2 0.525 0.038

RTD 100–150ms (in N.m.s�1) 220.6�29.6 230.4� 27.4 0.544 0.034

Peak RTD (N.m.s�1) 283.3�111.6 294.9� 99.2 0.512 0.034

Soleus EMG

ARV 0–50ms (% Mmax) 1.6�0.3 1.6�0.3 0.946 0.001

ARV 50–100ms (% Mmax) 2.1�0.3 1.9�0.4 0.703 0.014

ARV 100–150ms (% Mmax) 1.9�0.2 1.8�0.2 0.809 0.006

Abbreviations: ARV, average rectified value; EMG, electromyography; MVIC, maximum voluntary isometric contraction; RTD, rate of torque
development; SD, standard deviation.

Fig. 2 Absolute RTD obtained with and without sleep deprivation at
four different epochs of torque production during MVICs. Note:
�Significantly different from the 0-30ms and 30- 50ms epochs
(p< 0.0001).
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fatigue; this concept is corroborated by previous studies35

showing that, in a fatigued state, the magnitude of the
decrement in explosive torque production is even greater
than that observed onMVIC. Even though there is undisputed
evidence that fatigue is insidiously manifested in sleep-
deprived persons,37 previous research has reported no inter-
action between sleep deprivation and the peak RTD. The
peak RTD provides a poor resolution of torque development
during the initial stages ofMVIC andmaynot capture thefirst
50 ms of contraction – an epoch that is strongly associated
with the ability of the central nervous system to induce
maximummuscle activation duringMVIC.10,11 Furthermore,
previous research11,35,36 has also shown that while the early
stage of explosive torque development (0–50ms) is highly
susceptible to fatigue, this is not the case for the RTD
obtained at subsequent time points (> 50ms). Thus, we
hypothesized that the sequential analysis of torque develop-
ment throughout the rising portion of the torque–time curve
might provide a better insight into the impact of sleep
deprivation on neuromuscular function. In contrast to
what was hypothesized, the findings of the present study
indicate that 24 hours of sleep deprivation do not elicit any
changes in sequential RTD values (including thefirst 50ms of
torque production).

Experimentally-induced total sleep deprivation is a de-
fined period of at least 24hours of extended wakefulness,
which directly causes subjective feelings of tiredness and
exhaustion.37 Even relatively-moderate sleep restriction
(sleep period of up to 6hours per night) can seriously disturb
neurobehavioral function (causing deficits in cognitive per-
formance, for example) in healthy adults, which is equivalent
to the impairment verified after two nights of sleep depriva-
tion.39 Moreover, it has been shown that 24hours of sleep
deprivation leads to substantial impairments in vigor and
mood.21 Despite all of these factors, according to the data of

the present study, the neurophysiological basis of explosive
torque production remains well preserved in a state of sleep
deprivation Although neither athletic nor older populations
were directly measured, these findings are relevant because
they provide preliminary evidence that, even after 24 hours
of sleep deprivation, explosive forcemay bewell preserved in
response to athletic motor tasks (jumps, throws, sprints, for
example) involving limited time for torque production (such
as 100-300ms;. In addition, from a functional perspective,
thesefindings also show that one night of sleep deprivation is
not likely to disturb the ability to rapidly regain balance
during suddenpostural perturbations (such as during a fall).7

As with the RTD, the soleus EMG was also measured at
different epochs of contraction. This was done to further
examine the hypothesis of reduced muscle activation in a
state of sleep deprivation. There is general agreement that
the ability to achievehigh levels of neural drive at the onset of
muscle contraction is intimately related with the magnitude
of torque production during the first milliseconds of MVIC.10

In fact, previous reports showed a strong relationship be-
tween the EMG amplitude of agonist muscles (such as the
rectus femoris, vastus lateralis, vastus medialis) and meas-
ures of early-stage explosive voluntary force production
(impulse 0–50ms),12,40 with muscle determinants explain-
ing no more than 18% to 30% of the variance in the RTD for
this specific time interval.41 It has also been shown that
neuromuscular fatigue is accompanied by a decline (� 30%)
in EMG amplitude during the first 50ms of explosive con-
tractions,35 and this is likely secondary to altered motor-unit
recruitment and firing frequency during the early phase of
muscle contraction.11

The effects of sleep deprivation on mental or attentional
fatigue are relative unequivocal,1 and theymaydirectly affect
behavior. Sleep deprivation is associated with a greater
perception of task difficulty.37 In addition, it decreases

Fig. 3 Normalized soleus ARV of EMG signal obtained with and without sleep deprivation at three different epochs of torque production during
MVICs.
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logical reasoning, coding, decision-making, alertness and
filtering efficiency,42,43 all of which might lead to impaired
neural drive to the active muscles (such as central fatigue).
Despite this, 24 hours of sleep deprivation did not elicit
significant changes in the soleus EMG in up to 150ms of
plantar flexion MVIC. These results are well aligned with
those of previous reports showing that 24hours of sleep
deprivation exerted an innocuous effect on motor-evoked
potentials,25 V-wave normalized amplitude,5 and central
activation ratio.21

Limitations
The present study has at least two important limitations.
First, actigraphy was not used to determine the sleep quality
and total time during the three nights that preceded each
experimental session. Instead, to ensure that none of the
participants arrived at the laboratory in a sleep-restricted
state, they were all asked to record and report their total
sleep time in those specific days. Second, the EMG was
obtained only for the soleus muscle. This specific muscle is
well known for its limited ability to develop torque rapidly
during maximal contractions,7 resulting from its specific
type-I fiber composition, with slow contractile velocity.44

Conclusion

We have provided preliminary evidence that 24 hours of
sleep deprivation do not affect the rate of rise of the
torque–time curve, nor the soleus EMG in response to
MVIC. Thus, is likely that exercise performance or daily
functionality in tasks involving explosive torque production
remain well preserved after one night of sleep deprivation.
Nevertheless, it cannot be excluded that some components of
human performance may still be affected1 when individual
motivation3 and perceived exertion,25,45 resulting from the
disturbance of the circadian rhythms caused by sleep depri-
vation, are compromised.
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