










24

nr 1 /201 7 (1 7)

www.fizjoterapiapolska.pl

Electromyographic responses of the quadriceps
muscles to fast and slow perturbations after
fatiguing exercise
Nosratollah Hedayatpour(A,B,C,D,E,F,G), Zahra Izanloo(B,C,E,F,G)

Center for Biomechanic and Motor Control (BMC), Department of Sport Science, University of Bojnord, Bojnord, Iran

Introduction
Quadriceps muscle as most important antigravity muscle of
the leg, maintain the structure of the knee joint (…e.g., liga-
ment, patella. . .) in normal anatomic position during unexpec-
ted postural perturbation [1 ] . Fatigue is common after high
intensity exercise, most likely due to high accumulation of
metabolites [2] . Quadriceps femoris muscle is more suscepti-
ble to fatigue, since this muscle is frequently involved in va-
rious movements (…eg, jumping, landing) during sport
activities. After high intensity exercise, a high accumulation
of metabolites (acid lactate…) within the quadriceps muscle
would contribute to motor control changes at the level of mu-
scle fiber membrane and/or central nerve system [3, 4] , and
as consequences may reduce the ability of this muscle to ma-
intain the structure of the knee joint in normal anatomic posi-
tion during unexpected postural perturbation. In fact,
maintaining dynamic stability during unexpected perturbation
is dependent on cortically programmed muscle activations

and reflex-supplied muscle contractions [5] . Athletics are
usually faced with postural perturbation during rapid move-
ment (ballistic movement) and slow movement (ramp move-
ment) that may challenge knee stability. During ballistic
movement when individuals are faced with unexpected knee
perturbation, fast twitch muscle fibers contribute to force pro-
duction to stabilize knee joint [6, 7] . While during slow mo-
vement (ramp movement) slow twitch muscle fibers are main
contributors to stabilize joint during an unexpected perturba-
tion [7] . However fast twitch fibers are more susceptible to
fatigue in comparison with slow twitch muscle fibers [8] , and
may reduce the ability of quadriceps to stabilize knee joint
during a fast perturbation with respect to a slow perturbation.
However there are no human studies that have investigated
quadriceps activity during fast- and slow postural perturbation
after fatiguing exercise. Thus, the main aim of this study is to
investigate quadriceps reflex activity during fast- and slow
postural perturbation after fatiguing exercise.
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Methods
Subjects: Ten healthy men (mean ± SD; age = 28.2 ± 2.2 yr,
body mass = 79.5 ± 5.4 kg, height = 1 .74 ± 0.09 m) partici-
pated in the study. All subjects were right leg dominant and
were not involved in regular exercise of their quadriceps for
at least 9 months before the experiment.

Fatigue protocol
A KinCom Isokinetic Dynamometer (Chattanooga, TN) was
used to induce fatigue to quadriceps muscle. The subject sat
comfortably on the adjustable chair of the KinCom with his
hip flexed at 90° flexion. The dynamometer axis of rotation
was carefully aligned with the knee center of rotation, and the
right leg was secured to the lever arm with a Velcro strap.The
subjects were asked to perform voluntary concentric knee
extension contractions at a speed of 60°/s between 90 and
170° of knee extension until exhaustion.
Electromyographic (EMG) recording: Three pairs of circular
(Ag–AgCl surface electrodes Ambu Neuroline, Ambu A/S,
Ballerup, Denmark; conductive area = 28 mm2) were placed
in bipolar configuration (interelectrode distance = 2 cm) over
the quadriceps femoris muscle. Electrodes were placed over
the quadriceps components at 10% of the distance between
medial border, superior border and lateral border of the patel-
la (for vastus medialis (VM), rectus femoris (RF) and vastus

lateralis (VL) respectively) and anterior superior iliac spine.
Before electrode placement, the skin was shaved and lightly
abraded at the selected locations.

Muscle function
The subject performed two maximal isometric knee exten-
sions (3–5 s in duration) on the KinCom dynamometer, in 90°
- knee flexion, with 2 min of rest between contractions. The
highest MVC value was used as a reference for the definition
of the submaximal force level. The sustained contraction was
performed on the KinCom Dynamometer with the subject in
the same position as in the maximal voluntary contractions.
Task failure was defined as a drop in force greater than 5%
MVC for more than 5 s after strong verbal encouragement to
the subject to maintain the target force.
Perturbations and surface EMG. The subject stood comforta-
bly with equal weight on each limb, and their right limb on a
movable platform. The subject’s left foot was positioned on
the ground. Platform translated 6 cm frontally (forward and
backward direction) at two different velocities of 120 mes and
250 mes. Two 3-s trials were collected at each velocity in
which the plate was triggered to move at a random interval
within the 3 s. Subjects were unaware ofwhen the plate would
be triggered to move. Surface EMG signals were recorded
from the quadriceps muscle of the right limb Figure 1 .

Figure1: Examples of surface EMG signals recorded from the distal portion of the vastus lateralis muscle of one subject;
before muscle fatigue in response to slow perturbation (A) and fast perturbation (B); and after muscle fatigue in
response to slow perturbation (C) and fast perturbation (D)

Figure1: Examples of surface EMG signals recorded from the distal portion of the vastus lateralis muscle of one subject;
before muscle fatigue in response to slow perturbation (A) and fast perturbation (B); and after muscle fatigue in
response to slow perturbation (C) and fast perturbation (D)
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Signal analysis
Surface EMG signals were amplified (EMG amplifier
(EMG-128; LISiN-OT Bioelettronica, Turin, Italy;
bandwidth of 10–500 Hz), sampled at 2048 Hz, and stored
after 12-bit A/D conversion.

To assess the amplitude of muscle reflex activity, the ARV
of individual muscles was calculated over a fixed window,
which was 180 ms after the onset of plate movement
(monosynaptic stretch reflex).

The ARV obtained from the 180-ms epochs in two trials
were averaged to obtain a representative value.

Results
One-way ANOVA showed that maximal voluntary knee extension
force and time to task failure were significantly reduced after fa-
tiguing exercises (P < 0.05). Three- ways ANOVA revealed that
ARV of EMG was also dependent on perturbation direction, per-
turbation velocity, session and interaction between session and
perturbation velocity. ARV of EMG during backward direction
was significantly larger than forward direction (F = 4.1 , P < 0.05),
and during fast-perturbation was significantly higher than slow-
perturbation (F = 6.2, P < 0.05). Moreover, ARV of EMG was si-
gnificantly reduced during post exercise perturbation (F = 3.7, P <
0.05), with the largest reduction identified for fast-perturbation
compared with slow perturbation (P < 0.05) (Figure 2 and 3).

Figure 2: Average rectified value of EMG (mean ± SE, n
= 10 subjects) obtained from 180 -ms epochs during
slow perturbation (average for three muscles) in
backward and forward directions before and after
muscle fatigue; *P < 0.05

Figure 3: Average rectified value of EMG (mean ± SE, n = 10
subjects) obtained from 180 -ms epochs during fast
perturbation (average for three muscles) in backward and
forward directions before and after muscle fatigue;
*P < 0.05

Discussion
The result of this study showed a greater EMG activity of the
quadriceps muscle in response to fast-perturbation as compa-
red with slow-perturbation. Moreover, quadriceps muscle re-
flected a larger reduction in EMG activity during
fast-perturbation with respect to slow-perturbation after mu-
scle fatigue.

Muscle function and fatigue
Maximal voluntary contraction of the quadriceps muscle si-
gnificantly reduced after fatiguing exercise [9] . Moreover, ti-
me to task failure was significantly decreased after fatiguing
exercise, indicating a significant reduction in quadriceps abi-
lity to maintain sub maximal force during sustained contrac-
tion [10] . This result indirectly suggests that fatigue induced
to the quadriceps muscle was large enough to contribute to
the reduced ability of the quadriceps muscle to generate force.

Fast – and slow-perturbation before muscle fatigue
Before muscle fatigue, EMG activity of the quadriceps musc-
le during fast-perturbation was significantly higher than slow-

perturbation. This may be related to neural strategies in con-
trolling fast and slow perturbations. Typically, central nervous
system (CNS) employs a different neural strategy to control
human movements with various degrees of complexity, velo-
city and intensity [11 ] . It has been reported that during fast
movements such as ballistic movement, CNS preferentially
recruit fast twitch motor unite to produce appropriate force [6,
7] . While during slow movement (ramp movement) slow
twitch muscle fibers are main contributors to muscle contrac-
tion [7] . For example, there are a number of evidences that
showed faster motor units may be recruited, independent of
slower units, during rapid locomotor tasks [12, 1 3] . Wakeling
et al. [1 4] reported when subjects cycle at increased cadences,
EMG signals from the gastrocnemii shift to higher frequencies
consistent with the recruitment of faster motor units [1 5] . Si-
milarly, fast twitch motor unit recruitment has been observed
as subject increased their locomotor speeds from level wal-
king to galloping [16] . Fast twitch motor units are characteri-
zed by large diameter, faster muscle fiber conduction velocity
and higher motor unit discharge rate [17, 1 8] . which in turn
result in greater EMG amplitude [19] . Conversely, a low EMG
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characterized by a high glycolytic, but poor oxidative capacity
[26] , and fatigue more rapidly and to a greater extent than
slow twitch motor unit. Previous studies have also demon-
strated that after fatiguing dynamic and isometric contrac-
tions, the fast twitch fibers produced higher lactate, and a high
correlation was also observed between fatigability, EMG
changes and percent fast twitch fibers content [27, 28, 29, 30] .

Conclusions
In conclusion, the result of the current study demonstrated a
larger reduction of quadriceps EMG activity during fast-per-
turbation after fatiguing exercise as compared with slow per-
turbation, most likely due to preferential recruitment of fast
twitch motor unit. This indicates an insufficient ability of the
fatigued quadriceps to stabilize knee joint during a fast-per-
turbation, which in turn may expose knee structures to abnor-
mal loading and injuries.

amplitude during slow- perturbation can be explained by slo-
wer muscle fiber conduction velocity and discharge rate pro-
duced by slow-twitch motor unit [1 7, 1 8, 1 9, 20] .

Fast – and slow-perturbation after muscle fatigue
After muscle fatigue, EMG activity of the quadriceps muscle
during fast- and slow perturbation were significantly lower
than pre fatigue condition, most probably due to high accu-
mulation of metabolites within the skeletal muscle. It has be-
en proposed that an increase in metabolites by-productions
(. . .eg acid lactic) would reduce pH of the extra-cellular envi-
ronment and increases potassium (K+ ) permeability in the
muscle fiber membrane, which in turn increases the excita-
tion threshold, decreases the action potential amplitude and
conduction velocity [20, 21 , 22] . Moreover, the decreased
reflex muscle activation after fatiguing dynamic exercise can
be explained by a disturbance in the γ-motoneuron system in-
volved in regulating muscle activation. Fatigue changes the
function of intrafusal chain and static bag fibers [23] , and
consequently, results in a reduction in Ia afferent inflow from
muscle spindles [24] . Fatigue would also effect on force-fe-
edback mediated by the Golgi tendon organ, and therefore
can inhibit spinal motor neurons [25] .
However, EMG activity rate of reduction during post fatigue
fast-perturbation was significantly larger than post fatigue
slow-perturbation, most likely due to preferential recruitment
of fast twitch motor unit by CNS. Fast twitch motor units are
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