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Abstract - Aims: The purpose of this study was to test an experimental fatigue protocol for the knee joint
extensor muscles performed on an isokinetic dynamometer. Method: SPIRIT recommendations were applied.
Participants were 40 healthy, young men and women. Protocol: The pre-fatigue quadriceps femoris peak
torque during concentric maximum voluntary contractions (MVC) at 60°/s was measured. During the first pro-
tocol part, the task was to do MVC at 60°/s until a sequence of five concentric MVC was below 40% of'its initial
value. For the second part, intermittent quadriceps femoris muscle and hamstrings maximum voluntary isomet-
ric contractions for 30 s (ratio 2/1 seconds). Thirty seconds after the isometric MVC (post-fatigue), they did
three concentric MVC. Then, after 5 minutes of absolute rest, they did two concentric MVC. Men and women
showed a lower peak torque due to this protocol (p < 0.001). Conclusion: This protocol was effective for fa-

tigue men and women’s quadriceps femoris muscle.
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Introduction

Muscle fatigue negatively influences motor function, which is
the ability to perform physical tasks such as locomotion and
manual tasks'. Muscle fatigue can be central and peripheral fa-
tigue. Central fatigue changes the neural impulse reaching the
muscle, and leads to voluntary impulse speed and frequency pro-
gressive reduction to the motoneurons. The peripheral fatigue
changes the musculoskeletal homeostasis, and decrease the neu-
ral impulse speed”™.

Fatigue recovery is essential for the physical capacities’
development in the training and rehabilitation process, for sports
practice and daily activities’. It is important to understand the
factors that influence and are influenced by fatigue to properly
avoid injuries caused by muscle fatigue®.

In the United States of America, approximately 200.000
anterior cruciate ligament (ACL) injuries occur per year’. Young
athletes also suffer from declining strength and risk of knee liga-
ment injury®. Fatigue at the recreational and competitive physi-
cal activities” end suggest changes in proprioception, affecting
the neuromuscular control leading to the ligament and muscu-
loskeletal injuries’. Muscular fatigue can impair proprioception,
leading to joint damage'®?".

Fatigue protocols are different according to sex, muscular
action, repetition, series, time interval, velocity and move-
ments” . The isokinetic dynamometer is a reliable instrument
for training tests”® because it is possible to measure kinetics and
kinematics. Regarding muscle fatigue, the fatigue peak and the
initial torque varies from 6% to 50%>*’, besides the incapability

to perform the task’. Considering only the Pubmed database
(July, 2019) using a specific search strategy [((((((fatigue
isokinetic quadriceps) NOT injury)) NOT disease)) NOT eccen-
tric) AND young adults], there is no published guideline about
quadriceps muscle fatigue protocol for young adults without in-
jury or disease or any consensus about repetitions or movement
speed to reach quadriceps fatigue. Therefore, this study aims to
test a protocol of muscular fatigue through the isokinetic dyna-
mometer and has the hypothesis that muscular fatigue is reached
after the end of the protocol. This fatigue protocol is easy to ap-
ply to men and women and it is not restricted by fitness level.

Method

Forty participants (22.8 £ 2.5 years old; 73.8 = 14.3 kg
mass; 169.1 + 11.00 cm) of both sexes, healthy, without a history
of lower limb injuries and instability on the knee joint partici-
pated. Inclusion criteria: to be classified as “physically active or
irregularly active” according to the International Physical Activ-
ity Questionnaire IPAQ”; no lower or lower limb injuries in the
last 12 months; no participation in physical or vestibular rehabil-
itation in the last 12 months; no hip, knee, ankle or foot joints in-
stability; no decompensated heart failure, respiratory, vestibular
or neuromuscular disorders. Exclusion criteria: inability to per-
form or abandon the protocol; cardiac or respiratory discomfort;
and participation in heavy physical activities or sports, up to
72 hours before the test. All participants signed the Informed
Consent Form. The University’s ethics committee (protocol
number 897.220) and Brazilian Registry of Clinical Trials (pro-
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tocol number RBR-225ksb), Universal Trial Number (U1111-
1208-6556) approved this study. This protocol is dated Decem-
ber 2015 and is in its first version. All the participants were stu-
dents of the University S3o Judas Tadeu, Sao Paulo, Brazil.
There was no dropout.

SPIRIT recommendations were used to elaborate and de-
termined the items for the development of experimental proto-
cols®®. This is a cross-sectional study, which consisted of the
creation and implementation of a protocol for muscle fatigue on
the quadriceps femoris through an isokinetic dynamometer.

Procedure

Before the isokinetic evaluation, an anamnesis was made
to each participant to investigate any possible physical compro-
mise (confirmation of the inclusion and exclusion criteria).

An isokinetic dynamometer (Biodex System 3, Biodex
Medical Systems, New York, USA) was used. It is a reliable in-
strument for the measurement of angular positions and velocity
(Intraclass correlation coefficient ICC = 0.99)*. All the partici-
pants were placed in the isokinetic dynamometer chair and kept
attached to it with bands close to the trunk, pelvis, and thigh to
maintain the body stability during exertion. Positioning angles
of the hip and knee were maintained at 90° flexion (0° corres-
ponds to the complete extension of the knee joint). The segment
to be tested was fixed with a velcro strap on the distal third of the
leg, to maintain the stability of the movement. By positioning the
participant in the isokinetic dynamometer chair, the apparent
axis of the knee joint was aligned with the axis of rotation of the
mechanical arm of the dynamometer. The position of the dyna-
mometer was the same for the two parts of the study. Only the
dominant lower limb was tested, which was defined as the best
side to kick a ball to a 3-meters-away target.

Muscular fatigue protocol

A series of free movements with the segment of the lower
limb attached to the dynamometer and a series of concentric
muscular contractions with a slight resistance, manual resis-
tance, were performed for a warm-up and familiarization with
the equipment.

Muscle fatigue was caused by the isokinetic dynamometer,
performed in two parts. Initially, pre-fatigue was recorded at the
peak torque obtained at the beginning of concentric MVC of the
femoral quadriceps at 60°s, the highest value was adopted. The
protocol for muscle fatigue induction consisted of repeating con-
centric MVC at an angular velocity of 60°/s, without a specific
number of repetitions or series and receiving verbal stimulation
all the time. The first part ends when the participant executes
five concentric MVC below 40% of its initial value (peak tor-
que). The second part, the fatigue maintenance, is a set of
quadriceps femoralis muscle and hamstrings isometric MVC for
30 s (ratio 3/1 seconds respectively). After 30 s (post-fatigue) of
isometric MVC, 3 concentric MVC are recorded to determine
how fatigued the participant is, and after 5 minutes of absolute
rest, the procedure is performed again (moment 4).

Statistics

The Kolmogorov-Smirnov test indicated that peak torque
did not have a normal distribution. The Kruskal-Wallis test with
post hoc Bonferroni was used to compare the peak torque (Nm)
values in the isotonic concentric contractions of the quadriceps
femoris muscle, on pre and post-fatigue conditions, after isomet-
ric and after 5 minutes rest. The software used was IBM®
SPSS® version 22.0. The level of significance was set at 5%,
with p <0.05.

Results

Figure 1 shows the peak torque produced by men and
women at the pre-fatigue, post-fatigue, pos-isometry and
post-5-minutes-rest phases of the fatigue protocol.

For pre-fatigue and fatigue, the protocol was efficient. For
men, the peak torque during pre-fatigue (248.9 =+ 51.7 Nm) and
fatigue (99.5 £ 20.6 Nm) was different (p < 0.0001, IC 95%
124.1 to 174.5 Nm). For women, the peak torque during pre-
fatigue (150.7 £ 18.7 Nm) and fatigue (60.3 £ 7.5 Nm) was dif-
ferent (p < 0.0001, IC95% 81.3 to 99.6 Nm).

For pre-fatigue and post-fatigue, the protocol was effi-
cient. For men, the peak torque during pre-fatigue and post-
fatigue (99.1 £ 23.4 Nm) was different (p < 0.0001, IC 95%
117.9 to 181.7 Nm). For women, the peak torque during pre-
fatigue and post-fatigue (61.4 + 13.6 Nm) was different
(p <0.0001, IC 95% 74.2 to 104.4 Nm).

For post-fatigue and after five minutes rest, participants re-
covered from the fatigue. For men, the peak torque during
post-fatigue and after 5 minutes (196.6 + 34.0 Nm) was different
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Figure 1 - A) Average and standard deviation of the men fatigue values:
pre-fatigue, post-fatigue, pos-isometry and post 5 minutes rest. B) Av-
erage and standard deviation of the women fatigue values: pre-fatigue,
post-fatigue, post-isometry and post 5 minutes rest. *p < 0.05 between
stages.
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(p<0.0001, IC 95% -74.8 to -28.4). For women, the peak torque
during post-fatigue and after 5 minutes (122.11 £ 19.38 Nm) was
different (p < 0.0001, IC 95% -73.8 to -47.5).

For all comparisons, effect size > 0.8 and a power effect
was 1.0.

Discussion

This study applied the isokinetic dynamometry to success-
fully induce the quadriceps femoris muscle fatigue. In addition,
active recovery at the first 30 seconds (two sets of extensor mus-
cles isometric contraction (10 s) and flexor muscles isometric
contraction (5 s)) after fatigue was enough to sustain the qua-
driceps femoris muscle fatigued. Our fatigue protocol main-
tained the quadriceps femoris muscle fatigue (60% drop) at
60°/ s22’27‘3l’32, and with intermittent isometric contractions>*. Our
study considered the decline in muscle strength and not how
many knee joint flexion and extension repetitions each individ-
ual had to perform to achieve the 60% drop in maximum concen-
tric peak torque. Men had a higher torque than women. Other
studies applied similar fatigue protocols in men’'*, but not in
women.

Drop-in peak torque is fatigue information. We used the
peak torque to determine muscle fatigue. Other studies have also
accounted for time. Tiggelen, Coorevits, Witvrouw*’ asked men
and women to continuously flex and extend their knees for 150 s
without any break at 120°s, and they found the reduction of peak
torque. Carregalo, Gentil, Brown, Pinto, Bottaro? applied three
different fatigue protocols comparing the peak torque. The first
protocol was three sets of ten contractions in the concentric-
concentric mode (a concentric contraction of the knee joint
extensor muscles and knee joint flexors) with one-minute break
between sets. The second protocol was sets of 10 maximal
stretches of concentric contraction, with one-minute break be-
tween sets. The third protocol was 20 maximum concentric fle-
xions and extensions movements. They found fatigue when
participants did the exercises at 60°/s and 180/s.

Different protocols for muscle fatigue are used according
to the literature. Different instruments (ergometric bicycle™,
weight lifting®” and the isokinetic dynamometer) can induce
muscle fatigue. Fatigue protocols were applied in persons with
different levels of physical activity’*****’. For example, in
Derave, Ozdemir, Harris, Pottier, Reyngoudt, Koppo, Wise,
Achten®, male athletes had lower fatigue than non-athletes. It is
easy and reliable to control muscular strength, torque, angular
velocity, type of muscle contraction with the isokinetic dyna-
mometer’>?3%37 Ina systematic review, Suzuki, Mazuchi, Mi-
randa, Maifrino, Mochizuki, Ervilha® showed the greatest
reduction in maximum torque occurs in protocols that use sets of
exercises with no fixed repetitions number, requiring perfor-
mance until exhaustion.

The movement velocity is an important factor to induce fa-
tigue. In our study, 60°seconds was enough for quadriceps
femoris muscle fatigue. However, we did not account for how
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many repetitions did each participant to reach fatigue. In a pilot
study, we observed that lower angular velocities induce muscle
fatigue faster than the highest angular velocities. Other studies
have a fixed number of repetitions to induce fatigue. Astorino,
Terzi, Roberson, Burnett’ s protocol23 was two sets of 40 maxi-
mal knee extensions with three minutes break between sets at
180°/s. Carregalo, Gentil, Brown, Pinto, Bottaro®* showed lower
maximum peak torque at 60°/s.

Thirty seconds break was enough between sets. Com-
paring 15, 30 and 60 s breaks, young and physically active older
women showed lower knee extensor torque when the break
dropped from 30 s to 15 s; but similar torques comparing 30 and
60 s*°. In addition, from our pilot study, only a five seconds
break is not enough to promote the recovery of strength and thus
maintains the state of muscle fatigue.

Conclusion

We conclude that the muscle fatigue protocol applied in
the present study was effective in leading to quadriceps femoris
muscle fatigue. After muscle fatigue, the intermittent isometric
contractions of quadriceps femoris muscle with a rest interval of
five seconds keep it fatigued, a fact that was verified by the re-
duction of 50% of the peak torque after one-minute of fatigue
when compared with pre-fatigue condition.

We did not investigate the effects of this fatigue protocol
on tasks that require motor control, internal force studies or kine-
matic analysis. The protocol of fatigue demonstrated that other
studies are needed to verify if the quadriceps muscle fatigue sig-
nificantly affects the control of the knee joint.
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