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Abstract
Purpose: This study aimed to explore neuromuscular fatigue and recovery profiles in individuals with intellectual disability (ID) after exhausting
submaximal contraction.
Methods: Ten men with ID were compared to 10 men without ID. The evaluation of neuromuscular function consisted in brief (3 s) isometric
maximal voluntary contraction (IMVC) of the knee extension superimposed with electrical nerve stimulation before, immediately after, and during
33 min after an exhausting submaximal isometric task at 15% of the IMVC. Force, voluntary activation level (VAL), potentiated resting twitch
(Ptw), and electromyography (EMG) signals were measured during IMVC and then analyzed.
Results: Individuals with ID developed lower baseline IMVC, VAL, Ptw, and RMS/Mmax ratio (root-mean-square value normalized to the maximal
peak-to-peak amplitude of the M-wave) than controls (p < 0.05). Nevertheless, the time to task failure was significantly longer in ID vs. controls
(p < 0.05). The 2 groups presented similar IMVC decline and recovery kinetics after the fatiguing exercise. However, individuals with ID presented
higher VAL and RMS/Mmax ratio declines but lower Ptw decline compared to those without ID. Moreover, individuals with ID demonstrated a
persistent central fatigue but faster recovery from peripheral fatigue.
Conclusion: These differences in neuromuscular fatigue profiles and recovery kinetics should be acknowledged when prescribing training
programs for individuals with ID.
© 2017 Production and hosting by Elsevier B.V. on behalf of Shanghai University of Sport. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Keywords: Central fatigue; Intellectual disability; Neuromuscular fatigue; Peripheral fatigue; Sustained sub-maximal exercise; Twitch interpolation technique

1. Introduction
Exercise related neuromuscular fatigue is defined as an
exercise-related decrease in the maximal voluntary force or
power of a muscle or of a muscle group. This decrease is
generally associated with an increase in the perceived effort
necessary to exert the desired force.1 It can be estimated by the
maximal force or power2 decline or by the inability to sustain a
required force level.3 In this context, it has been demonstrated
that individuals with low maximal force level such as women,
the elderly, or children present longer time to task failure during
sub-maximal exercises than individuals with high maximal
force level.4–6 Neuromuscular fatigue is generally considered to
be task-dependent.1 Specifically, exercise intensity and duration
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determine the contribution of central and peripheral factors to
neuromuscular fatigue.7 Therefore, it has been well documented
that muscle fatigue induced by sustained lower intensity contractions induced central fatigue rather than peripheral
fatigue.8,9 Neuromuscular fatigue depends also on the initial
voluntary activation level (VAL)10 that describes the neural
drive of a muscle during voluntary contractions.11 It has been
demonstrated that individuals with poor ability to achieve full
activation during a maximal voluntary contraction develop less
peripheral fatigue10 and longer endurance time during a fatiguing protocol.12
It seems to be interesting to explore the neuromuscular
fatigue profile of individuals with intellectual disability (ID)
who exhibit lower VAL when compared to general population.13
ID is characterized by significant limitations both in intellectual
functioning and in adaptive behavior, which covers a range of
everyday social and practical skills.14 Generally, a full score at
an intellectual quotient (IQ) of around 70 to 75 indicates that
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the individual presents an ID. Moreover, these individuals
present generally poor physical fitness and motor skills compared to individuals with typical development.15,16 Importantly,
while it is well known that individuals with ID demonstrate
lower maximal force17–19 than individuals with typical development, little is known about their neuromuscular fatigue profile.
Zafeiridis et al.,19 reported a lower force decrement and a slower
fatigue development in these individuals during maximal
repeated knee extensions and flexions compared to controls.
These authors found that individuals with ID presented a lower
blood lactate accumulation after the fatiguing exercise.19
Because it has been found that the increased accumulation of
by-products (lactate, H+) of anaerobic metabolism impairs the
excitation-contraction coupling and cross-bridges formation,20
these authors suggested that the lower reliance on glycolytic
metabolism for energy production in individuals with ID, as
suggested by their lower lactate concentration, may possibly
explain their lower muscle fatigue compared to controls.19 Conversely, we previously reported a greater force and electromyography (EMG) activity declines in individuals with ID
compared to individuals without ID after maximal repeated
knee extensions and flexions.17 We suggested that the higher
strength decline observed in individuals with ID after this
fatiguing exercise could be related to a greater neural activation
deficiency probably resulting from the central nervous system
anomalies characterizing these individuals.21,22 Nevertheless,
direct evidence is still lacking to support this assumption, as no
study has measured the VAL after a fatiguing exercise in individuals with ID. Beyond the magnitude of neuromuscular
fatigue, the ability to recover from a fatiguing task may have
important implications in daily-life activities, as well as during
occupational activities in individuals with ID.19 To date, the
recovery ability of these individuals after a fatiguing exercise
has never been explored.
Therefore, the aim of our study was to investigate the ability
to sustain exhausting sub-maximal isometric contraction in
individuals with ID compared to those with typical development and to explore the magnitude, the neuromuscular fatigue
origin, and the subsequent recovery in these individuals. We
hypothesized that individuals with ID would present a neuromuscular fatigue profile, as well as a recovery kinetic, that
differs from those of individuals with typical development.

The informed written consent for the individuals with ID was
provided by their parents or legal guardians. The control group
consisted of 10 sedentary men without ID (age: 25.2 ± 2.7
years; height: 1.7 ± 0.1 m; body mass: 75.3 ± 9.2 kg), who
practiced only leisure physical activities. The participants
without ID provided written consent. The study excluded individuals with metabolic diseases, as well as musculoskeletal,
cardiac, and respiratory system diseases in order to avoid potential influence of health factors on the outcome of the
experiment.
The study was conducted in accordance with the Declaration
of Helsinki and was approved by the Clinical Research Ethics
Committee of the National Centre of Medicine and Sciences in
Sport of Tunisia.
2.2. Study design
A familiarization session was performed 3 days before the
experiment in order to familiarize participants with the experimental procedures. The experiment consisted of baseline measurements, followed by an exhausting exercise performed at
15% of isometric maximal voluntary contraction (IMVC), and
follow-up measurements to describe the recovery profile after
the exercise. The baseline measurements consisted of 3 brief
(3 s) IMVC of the knee extensors superimposed with electrical
stimulations. After the exercise, 12 brief (3 s) IMVC superimposed with electrical stimulations were repeated every 3 min.
The testing session was preceded by a warm-up consisting of
several sub-maximal knee extensions (12–15 contractions) at a
freely chosen intensity.
To evaluate the central and peripheral factors of the force
production, electrical stimulations were delivered to the
femoral nerve during the IMVC and 3 s after the contraction
cessation. Force and EMG signals were measured during
IMVC. To exclude the confounding effect of fatigue induced by
repeated muscular contractions, IMVC trials were separated by
a 3 min recovery period (Fig. 1).
2.3. Testing procedures and instrumentation
2.3.1. Force measurement
During testing, the participants were seated on an isometric
dynamometer (Good Strength, Metitur, Finland) equipped with

2. Methods
2.1. Participants
The sample population consisted of 20 sedentary adults who
had similar socioeconomic status and ethnicity. Ten men with
ID (age: 23.1 ± 2.7 years; height: 1.7 ± 0.1 m; body mass:
77.9 ± 8.3 kg) participated in the study. All participants with ID
suffered from a mild ID with an IQ (IQ = 60.0 ± 2.7) determined by the Wechsler adult intelligence scale (WAIS-IV) test23
elaborated by the educational center psychologist. Participants
with ID were recruited randomly from the National Union of
Aid to Mental Insufficiency where they took part in a physical
education session once a week. The sample did not include
individuals with Down Syndrome or with multiple disabilities.

Fig. 1. Schematic representation of the experimental protocol. To evaluate
exercise-induced fatigue and recovery, 3 and then 12 repeated isometric
maximal voluntary contractions (IMVC) superimposed and followed by
peripheral nerve electrical stimulation (PNS) were performed before (pre-EX)
and after fatiguing exercise (post-EX), respectively.
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a cuff attached to a strain gauge. This cuff was adjusted ~2 cm
above the lateral malleolus using a Velcro strap. The participants stabilized themselves by grasping handles on the side of
the chair during contractions. Safety belts were strapped across
the chest, thighs, and hips to avoid lateral, vertical, and frontal
displacements. All measurements were taken from the participant’s dominant leg, with the hip and knee angles set at 90°
from full extension (0°). All participants in our study presented
the right leg as the dominant leg (determined by the leg used to
kick a ball). Strong verbal encouragements were provided to the
participants during the IMVC.
2.3.2. EMG recordings
The EMG signals of the vastus lateralis (VL), vastus medialis (VM), and rectus femoris (RF) muscles were recorded using
bipolar silver chloride surface electrodes (Blue Sensor N-00-S,
Ambu, Denmark) during IMVC and stimulations. Following
the surface EMG for the noninvasive assessment of muscles
(SENIAM) recommendations,24 the recording electrodes were
taped lengthwise on the skin over the muscle belly, with an
inter-electrode distance of 20 mm and the reference electrode
was attached to the patella. The sampling frequency was 2 kHz.
Low impedance (Z < 5 kΩ) at the skin-electrode surface was
obtained by shaving, abrading the skin with thin sand paper, and
cleaning with alcohol. EMG signals were amplified (Octal Bio
Amp ML 138; ADInstruments, Bella Vista, Australia) with a
bandwidth frequency ranging from 10 Hz to 1 kHz (common
mode rejection ratio >96 dB, gain = 1000) and simultaneously
digitized together with the force signals using an acquisition
card (Powerlab 16SP; ADInstruments) and Labchart 7.0 software (ADInstruments). The IMVC force was determined as the
peak force reached during maximal efforts. The root mean
square (RMS) values of the VL, VM, and RF were calculated
during the IMVC trials over a 0.5 s period after the force had
reached a plateau and before the superimposed stimulation
were evoked. This RMS value was then normalized to the
maximal peak-to-peak amplitude of the M-wave (RMS/Mmax).
2.3.3. Peripheral nerve stimulation
The femoral nerve was stimulated percutaneously with a
single square-wave stimulus of 1 ms duration with maximal
voltage of 400 V delivered by a constant current stimulator
(Digitimer Limited, Hertfordshire, UK). The cathode (selfadhesive electrode: Ag-AgCl, 10-mm diameter) was positioned
firmly in the femoral triangle. The anode, a 10 × 5 cm selfadhesive stimulation electrode (Compex Médical SA,
Ecublens, Switzerland) was placed midway between the greater
trochanter and the iliac crest. Optimal stimulation intensity was
determined from M-wave and force measurements before each
testing session. The stimulation intensity was increased by
5 mA until there was no further increase in peak twitch force
(i.e., the highest value of the knee extension twitch force was
reached) and in the concomitant VL, VM, and RF peak-to-peak
M-wave amplitude (Mmax). During the subsequent testing procedures, the intensity was set to 150% of the optimal intensity
to overcome the potential confounding effect of axonal
hyperpolarization.25

3

Two electrical nerve stimulations were delivered at the level
of the femoral nerve. The first stimulation, delivered during the
IMVC, was named the superimposed twitch, and the second
stimulation, delivered 3 s after the IMVC, was named the
potentiated twitch (Ptw). This delay provided the opportunity to
obtain a potentiated mechanical response and so reduce the
variability in voluntary activation.26 The amplitude of the potentiated twitch was measured to reflect the muscle capacity to
produce force during the electrical stimulation. The magnitude
of the Ptw decline reflects the magnitude of peripheral fatigue.20
Both the superimposed and the potentiated twitch amplitudes
allowed the quantification of VAL as proposed by Merton27 as
follows:

VAL (%) = (1− superimposed twitch potentiated twitch)
×100
where superimposed twitch is the amplitude of the twitch
evoked with electrical nerve stimulation during IMVC and
potentiated twitch is the amplitude of the twitch evoked by a
single stimulation delivered 3 s after the end of the IMVC as
proposed by Merton.27
2.3.4. Fatiguing exercise
Participants were asked to sustain a low-intensity isometric
contraction (15% of the maximal isometric force recorded
during pre-exercise) until exhaustion. During the exercise, each
participant was able to visualize force feedback and guidelines
on a computer screen. The participants were encouraged to
maintain the force at the target level as long as possible.
Exhaustion was reached when the participant voluntary stopped
the exercise or failed to maintain force at the target level for a
duration >5 s. Force and knee extension EMG activities were
continuously monitored during the exercise to provide feedback
about force level and EMG activities.
2.4. Statistical analysis
As the neuromuscular testing involved several sets, values of
each variable measured during the repetitive trials were averaged as follows: the 3 values issued from the 3 sets performed
before exhausting exercise were averaged to compute the baseline (pre-EX) value; 3 values were averaged for the 3 sets
performed in the recovery period 3 to 9 min after exercise
(post-EX 3–9); and 4 values were averaged for the 4 sets performed from 12 to 21 min and from 24 to 33 min after exercise
(post-EX 12–21 and post-EX 24–33, respectively). To accurately reflect the fatigue induced by the sustained contraction,
the variables measured in the set immediately after the exercise
(post-EX) were not averaged with those measured in other sets.
Data were analyzed by the Statistica for Windows software
(Version 6.0; StatSoft Inc., Tulsa, OK, USA). Data distribution
normality was confirmed with the Shapiro-Wilk W-test. Independent sample t tests were executed in order to analyze group
differences for morphologic characteristics (age, height, and
body mass), baseline values (IMVC, VAL, Ptw, and RMS/Mmax)
and the time to task failure in the exhausting exercise. All these
data (IMVC, VAL, Ptw, and RMS/Mmax) were normalized to the
maximal corresponding values recorded before exercise (% of
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pre-Ex values). Then the relative values of IMVC, VAL, Ptw,
and RMS/Mmax were analyzed using a two-way analysis of
variance (ANOVA) with repeated-measures (Group × Time).
For each statistically significant effect of main factor and interaction, a post hoc analysis was performed using the LSD Fisher
test. The decrease rate of IMVC, VAL, and Ptw values after
fatigue was evaluated by calculating Delta as: Δ% = 100% ×
(post-EX−pre-EX)/pre-EX). The level of significance for all
statistical analyses was set at p < 0.05.
3. Results
3.1. Baseline values and time to task failure
The independent sample t test demonstrated that the ID
group showed significantly lower IMVC, VAL, and Ptw compared to the control group (p < 0.001). Moreover, the independent sample t test revealed that the ID group demonstrated
significant lower RMS/Mmax for the RF muscle (p < 0.05).
However, no significant differences of RMS/Mmax for VL
(p = 0.28) and VM (p = 0.10) muscles were revealed between
groups. The time to task failure during the sustained exhausting
isometric exercise was significantly longer in ID than in the
control group (p < 0.05) (Table 1).
3.2. Fatigue parameters
3.2.1. IMVC
The two-way ANOVA on relative IMVC data indicated a
significant main effect of Time (F(4, 72) = 37.86, p < 0.001)
and no significant main effect of Group (F(1, 18) = 1.43,
p = 0.24) or Group × Time interaction (F(4, 72) = 0.50,
p = 0.72). The post hoc test showed a significant (p < 0.05)
IMVC decline in both groups at post-EX. Moreover, theses
analysis showed that IMVC level increased significantly at
post-EX 3–9 compared with post-EX indicating the start of
recovery for both groups (p < 0.05). The recovery of IMVC
continued at post-EX 12–21. In fact, IMVC values recording at
post-EX 12–21 were significantly (p < 0.05) higher than at
post-EX 3–9 and post-EX group for both groups. However,
both groups failed to recover their baseline values at post-EX
24–33 compared to pre-Ex (p < 0.05). No significant difference
Table 1
Baseline values of IMVC, VAL, Ptw, RMS/Mmax for VL, VM, and RF muscles
and the time to task failure in both groups.

IMVC (N)
VAL (%)
Ptw (N)
RMS/Mmax VL (mV)
RMS/Mmax VM (mV)
RMS/Mmax RF (mV)
Time to task failure
(min)

Control

ID

p value

780.94 ± 62.53
87.00 ± 10.46
188.00 ± 20.28
0.07 ± 0.06
0.04 ± 0.01
0.07 ± 0.02
13.86 ± 8.34

441.77 ± 132.89
65.78 ± 8.05
121.68 ± 15.52
0.4 ± 0.02
0.03 ± 0.01
0.04 ± 0.02
37.97 ± 2.79

<0.001
<0.001
<0.001
0.28
0.10
<0.05
<0.05

Abbreviations: ID = intellectual; IMVC = isometric maximal voluntary contraction; Ptw = potentiated twitch; RF = rectus femoris; RMS/Mmax = root
mean square normalized to the maximal peak-to-peak amplitude of the
M-wave; VAL = voluntary activation level; VL = vastus lateralis; VM = vastus
medialis.

Fig. 2. Evolution of the (A) IMVC (%max), (B) VAL (%max), and (C) Ptw
(%max) before (pre-EX), immediately after the fatiguing isometric task
(post-EX), and during the recovery period (post-EX 3–9, post-EX 12–21,
post-EX 24–33) in individuals. *p < 0.05, compared with baseline; †p < 0.05,
compared with ID group; ‡p < 0.05, compared with post-Ex; §p < 0.05,
compared with post-EX 3–9. ID = intellectual disability; IMVC = isometric
maximal voluntary contraction; post-Ex = post-exercise; post-Ex 3–9 = 3 sets
performed in the recovery period 3 to 9 min after exercise; post-Ex 12–21 = 4
sets performed from 12 to 21 min after exercise; post-Ex 24–33 = 4 sets
performed from 24 to 33 min after exercise; pre-Ex = pre-exercise;
Ptw = potentiated twitch; VAL = voluntary activation level.

was reported between the 2 groups concerning IMVC values
(Fig. 2A).
3.2.2. VAL
The two-way ANOVA revealed significant main effects of
Group (F(1, 18) = 36.94, p < 0.001), Time (F(4, 72) = 26.74,
p < 0.001) and Group × Time interaction (F(4, 72) = 9.81,
p < 0.001) on relative VAL. Concerning the within-time effect,
the post hoc analysis showed that, in the control group, VAL
decreased significantly (p < 0.05) at post-EX and recovered
fully to baseline values at post-EX 3–9. Moreover, in the ID
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Table 2
Evolution of the RMS/Mmax values of the VL, VM, and RF muscles in individuals with ID and control group at Pre-EX, Post-EX, and Post-EX 3–9, Post-EX 12–21,
Post-EX 24–33 from the exhausting isometric task.
ID (%max)
Pre-EX

Control (%max)
Post-EX

Post-EX 3–9

RMS/Mmax VL 96.03 ± 1.93
55.29 ± 24.36***
RMS/Mmax VM 96.14 ± 3.21### 68.08 ± 12.19***,#
#
RMS/Mmax RF 95.02 ± 4.36
68.94 ± 13.87***,#

,###

Post-EX 12–21

Post-EX 24–33

Pre-EX

Post-EX

Post-EX 3–9

Post-EX 12–21

Post-EX 24–33

69.30 ± 27.35***
77.92 ± 22.86**
80.55 ± 22.94**
95.19 ± 1.94 91.80 ± 14.41
88.90 ± 18.16
93.36 ± 22.06
93.28 ± 23.49
81.69 ± 14.70**,#
83.36 ± 7.02**,#
87.97 ± 17.04*,#
97.27 ± 1.74 82.93 ± 9.95*** 95.57 ± 16.96** 95.89 ± 16.96** 101.91 ± 21.81
,###
,###
,##
77.80 ± 17.16***
74.96 ± 12.77***
76.29 ± 16.32***
97.74 ± 6.55 82.71 ± 13.21*** 99.51 ± 12.19
97.63 ± 16.94
95.29 ± 16.25
,#

* p < 0.05, **p < 0.01, ***p < 0.001, compared with Pre-Ex group.
#
p < 0.05, ##p < 0.01, ###p < 0.001, compared with control group.
Abbreviations: ID = intellectual disability; Post-Ex = post-exercise; Post-Ex 3–9 = 3 sets performed in the recovery period 3 to 9 min after exercise; Post-Ex 12–21 = 4 sets performed from 12 to 21 min after exercise;
Post-Ex 24–33 = 4 sets performed from 24 to 33 min after exercise; Pre-Ex = pre-exercise; RF = rectus femoris; RMS/Mmax = root mean square normalized to the maximal peak-to-peak amplitude of the M-wave; VL
= vastus lateralis; VM = vastus medialis.

group, the post hoc analysis showed that VAL decreased significantly at post-EX (p < 0.05). Compared to post-EX, a significant (p < 0.05) increase of VAL was registered at post EX
12–21. However, at post-EX 24–33 the VAL remained lower
(p < 0.05) than at pre-EX for both groups (Fig. 2B). Regarding
the between group effects, the post hoc analysis showed that
VAL was significantly lower in the ID group compared to the
control group at post-EX and throughout the recovery period
(p < 0.05; Fig. 2B).
3.2.3. Ptw
The two-way ANOVA analysis of the relative Ptw values
revealed significant main effects of Group (F(1, 18) = 7.09,
p < 0.05), Time (F(4, 72) = 34.90, p < 0.001) and Group ×
Time interaction (F(4, 72) = 4.25, p < 0.01). Concerning the
within-time effects, the post hoc test showed that the Ptw
decreased significantly (p < 0.05) in the control group at postEX. No recovery of Ptw values was observed in this group
through the recovery period. Similarly, in the ID group, the Ptw
values decreased significantly (p < 0.05) at post-EX. However,
in this group, these values increased significantly (p < 0.05) at
post-Ex 24–33 compared to post-EX but did not recover to
baseline values (Fig. 2C). Regarding the between group effects,
the post hoc analysis showed that the Ptw was significantly
higher in the ID group compared to the control group at
post-EX and throughout the recovery period (p < 0.05, Fig. 2C).
3.2.4. RMS/Mmax
The two-way ANOVA on the relative RMS/Mmax VL
revealed significant effects of Group (F(1, 18) = 5.02,
p < 0.05), Time (F(4, 72) = 9.29, p < 0.001), and Group × Time
interaction (F(4, 72) = 6.04, p < 0.001). The post hoc results
showed a significant (p < 0.001) decrement at post-EX in the ID
group but unchanged values in the control group (p = 0.53). At
post-EX 3–9, these values started to recover (p < 0.001) but did
not reach a full recovery even at post-EX 24–33 (Table 2).
Regarding the between-group effects, the post hoc analysis
showed that the RMS/Mmax VL values were significantly lower
in the ID group compared to the control group at post-EX
(p < 0.001) and at post-EX 3–9 (p < 0.05, Table 2).
On the VM muscle, significant main effects of Group (F(1,
18) = 6.92, p < 0.05) and Time (F(4, 72) = 13.24, p < 0.001)
were observed but no significant Group × Time interaction
(F(4, 72) = 1.56, p = 0.19) was reported. Regarding the time

effect, the post hoc analysis revealed a significant (p < 0.001)
decrement of RMS/Mmax VM at post-EX in the control group.
These values started to recover at post-EX 3–9 (p < 0.01), with
a completed recovery at post-EX 24–33 (Table 2). In the ID
group, the post hoc analysis revealed also a significant
(p < 0.001) decrement at post-EX. At post-EX 3–9, these values
started to recover (p < 0.01) but did not reach a full recovery
even at post-EX 24–33 (p < 0.05) (Table 2). The post hoc analysis showed also that the ID group presented lower values of
RMS/Mmax VM compared to the control group at post-EX and
during the recovery period (p < 0.05) (Table 2).
Finally, for the RF muscle, the two-way ANOVA revealed
significant main effects of Group (F(1, 18) = 11.36, p < 0.001),
Time (F(4, 72) = 11.87, p < 0.001), and Group × Time interaction (F(4, 72) = 3.66, p < 0.01). Concerning the time effect, the
post hoc test showed that the RMS/Mmax RF decreased significantly at post-EX (p < 0.001) in the control group. These values
showed a full recovery (no significant difference with baseline
values) at post-EX 3–9 (Table 2). Similarly, in the ID group, the
RMS/Mmax RF decreased significantly at post-EX (p < 0.001)
and started to recover at post-EX 3–9 but the full recovery did
not occur (Table 2). The post hoc results showed also that the
RMS/Mmax RF values were significantly lower in the ID group
than in the control group (pre-EX and post-EX; p < 0.05; post
EX 3–9 and post EX 12–21: p < 0.001; post EX 24–33:
p < 0.01) (Table 2).
4. Discussion
The aim of our study was to investigate the ability to sustain
exhausting sub-maximal isometric contraction in individuals
with ID compared to those with typical development and to
explore the magnitude, the neuromuscular fatigue origin, and
the subsequent recovery in these individuals. The results of the
current study confirmed our hypothesis by showing that individuals with ID were able to sustain the sub-maximal force
level for a longer duration compared with controls. The relative
IMVC decline at exhaustion and the subsequent IMVC recovery profile were similar between groups, but their origin differed. The longer time to task failure in the ID group was
associated with reduced peripheral fatigue and higher central
fatigue compared to the control group. The central fatigue did
not recover in the ID group whereas, in the control group, it
recovered within the first 9 min.
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Individuals with ID developed lower baseline values of
IMVC, VAL, RMS/Mmax RF and Ptw compared to the control
group. Our results are consistent with previous findings,14
which suggest that individuals with ID have a lower ability to
generate a maximal force, accounted for by peripheral and
central factors. Nevertheless, our results showed that individuals with ID presented similar IMVC decline to individuals
with typical development after an isometric sub-maximal exhausting contraction. This result is in disagreement with those
of previous studies. In fact, Zafeiridis et al.19 reported lower
force decline compared to controls in these individuals after an
intermittent high-intensity exercise. In contrast, Borji et al.17
revealed greater force decline in individuals with ID than
controls after maximal repeated knee extensions and flexions.
This contradiction could be explained by differences in the
fatiguing protocol (exercise intensity and duration). Borji et al.17
explored the neuromuscular fatigue in these individuals after 5
sets of repeated knee extensions and flexions at 80% maximal
repetition. Likewise, Zafeiridis et al.19 implemented a fatiguing
exercise consisting of maximal knee extensions and flexions
for both individuals with ID and those with typical development. Participants in this study19 performed 4 × 30 s of maximal
flexion and extension cycles at angular velocity 120°/s separated by 60 s of rest. Conversely, in the present study, the
fatiguing exercise was a low-intensity isometric contraction
sustained until exhaustion and with individualized intensity
(15% of each participant IMVC). Moreover, individuals with
ID had a better performance, that is, longer time to exhaustion,
than controls. These results are consistent with previous studies
showing that individuals characterized by low maximal force
capacities, such as women, children or the elderly, have a
better ability to sustain sub-maximal4,5 or maximal force levels.6,28
Yamada et al.12 also reported greater endurance capacities in
individuals characterized by a low VAL, as in the case of the
ID group.
The longer exercise duration observed in the ID group could
account for the predominance of central fatigue in this group, as
evidenced by the pronounced decrease of VAL and normalized
EMG activity after the fatiguing exercise in this group compared to individuals with typical development. Indeed, it is well
documented that sustained lower intensity contractions induced
central fatigue rather than peripheral fatigue.7,9,29 The greater
central fatigue observed in the ID group compared to the
control one could be related to abnormalities within their
central nervous system. Indeed, in these individuals reduction
in number of neurons, dendritic abnormalities, and neurotransmitter system dysfunction have been reported,21,22,30 which
could impair the descending neural drive.31 In addition, individuals with ID may suffer from other abnormalities within the
spinal cord32,33 that may impair motor units recruitment during
muscle contraction. Beyond the greater magnitude of central
fatigue, the ID group displayed a slow recovery from this
central fatigue compared to individuals with typical development. Using the same exercise protocol, Zghal et al.34 showed
that recovery of central fatigue occurs within 10 min in sedentary or trained adults with typical development. Recently, it has
been confirmed that central fatigue recovers more quickly than

the peripheral one after a fatiguing exercise in healthy adults.35
Thus, the ID group displayed a distinct recovery profile of
central fatigue. Such slow recovery of central fatigue has
already been reported in the elderly36 who developed also a low
VAL.37
The ID group was mainly characterized by an attenuated
peripheral fatigue with a faster recovery compared to the
control group. In this context, Nordlund et al.10 reported that
individuals having a low VAL present lower extent of peripheral
fatigue after a fatiguing exercise compared to individuals with
high VAL. Our results are in line with those of Ratel et al.28
showing that children produce lower force, present a longer
time to task failure, develop more central fatigue, and recover
from peripheral fatigue faster than adults. Because adults with
ID demonstrated a similar VAL with children without ID,13 they
seem to present similar neuromuscular fatigue profile. Moreover, we cannot exclude that the lower peripheral fatigue in the
ID group could be attributed to specific muscle properties.
Because it has been reviewed that the increased accumulation
of by-products (lactate, H+) of anaerobic metabolism impairs
the excitation-contraction coupling and cross-bridges
formation,20 the lower lactate accumulation observed in individuals with ID could explain the low peripheral fatigue
magnitude.19,38 It has been shown that individuals with ID
present lower peak and mean power levels and that they accumulate less blood lactate during the Wingate test.38 These
authors associated these lower performance lactate concentrations to a lower extent of fast-twitch muscles fibers because the
Wingate test performance depends on the predominance of
these muscle fibers.39 Furthermore, Zafeiridis et al.19 found
lower blood lactate concentration in these individuals compared
to controls after 4 × 30 s of maximal flexion and extension
cycles at angular velocity 120°/s separated by 60 s of rest.
Therefore, it seems to be reasonable to expect that this could be
due to the limited extent of type fast-twitch muscle fibers
reported in individuals with ID40 whereas further studies should
be conducted to explore this suggestion.
This study has some limitations. Although the twitch interpolation is an efficient technique to explore the implication of
central and peripheral factors in neuromuscular fatigue, it
would be interesting to explore the cortical activation in individuals with ID using the transcranial magnetic stimulation in
future investigations. It will be interesting to know whether
spinal or spinal accompanied by supraspinal nervous system
anomalies are involved in this accentuated and persistent
central fatigue reported in individuals with ID compared to
controls. In the present study, we only evaluate the magnitude
and the origin of neuromuscular fatigue in individuals with ID.
It would be very interesting to apply, in a future study, the
superimposed and the potentiated twitch at intervals during the
fatiguing exercise to assess the contribution of central and
peripheral fatigue to force decline as well as the neuromuscular
fatigue processing kinetic in these individuals.
5. Conclusion
Our findings showed that individuals with ID developed
lower maximal force but sustained the sub-maximal contraction
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for a longer duration than individuals without ID. Although
individuals with ID presented similar maximal voluntary force
decrement at exhaustion and similar subsequent recovery
kinetic with individuals without ID, the origin of this neuromuscular fatigue is radically different. In fact, individuals with
ID developed mainly central fatigue but a limited peripheral
one. Moreover, individuals with ID presented a persistent
central fatigue without recovery but a faster recovery from
peripheral fatigue than individuals with typical development.
The distinct fatigue and recovery pattern of the ID group should
be taken into account when designing training programs or
occupational activities for individuals suffering from ID.
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