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Introduction: The acute effects of muscle fatigue on the knee joint-position sense are not consen-
sual. Although it is known that peripheral fatigue affects the muscle spindle function by increasing
its discharge threshold, reports of positive and negative impacts of muscle fatigue on the knee joint-
position sense of both trained and non-trained individuals can be found in the literature.
Objectives: To assess the acute effects of muscle fatigue on the knee joint-position sense of
trained and non-trained individuals.

Methodology: Knee joint-position sense was tested in the dominant and non-dominant limb in
a seated position, before and immediately after a repetitive sit-to-stand fatigue task. Target ranges
of 20° and 45° of knee flexion were used, describing an active repositioning method, and using an
inertial measurement unit system. Absolute and relative angular errors were calculated and intra-
and intergroup comparisons were conducted.

Results: Sixty participants (29 female; 31 male), 29 semi-professional soccer players and 31 non-
trained individuals, aged 18-30 years, participated in this quasi-experimental study. After fatigue,
a significant increase was seen regarding the absolute (p=0.034) and relative (p=0.017) angular
errors only in the non-trained individuals during the 45° repositioning of the dominant limb.
Conclusion: The proposed fatigue protocol appears to have no acute effects on the knee joint-
position sense of soccer players, while it appears to be harmful in non-trained individuals.
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Introducio: Os efeitos agudos da fadiga muscular na sensacao de posi¢ao articular do joelho néo
sdo consensuais. Embora se saiba que a fadiga periférica afeta a funcdo do fuso muscular aumen-
tando o seu limiar de descarga, relatos de impactos positivos e negativos da fadiga muscular na
sensacao de posicao articular do joelho de individuos treinados e ndo-treinados podem ser encon-
trados na literatura.

Objetivos: Avaliar os efeitos agudos da fadiga muscular na sensacao de posicao articular do joe-
lho de individuos treinados e nao-treinados.

Metodologia: A sensacgio de posigdo articular do joelho foi testada no membro dominante e ndo-
dominante na posic¢ao de sentado, antes e imediatamente ap6s uma tarefa de fadiga repetitiva de
sentar e levantar. Foram utilizadas amplitudes-alvo de 20° e 45° de flexao do joelho, descrevendo
um método de reposicionamento ativo e utilizando um sistema de centrais inerciais. Foram calcu-
lados os erros angulares absolutos e relativos, e realizadas comparacoes intra- e intergrupos.
Resultados: Sessenta participantes (29 do sexo feminino; 31 do sexo masculino), 29 jogadores
de futebol semiprofissionais e 31 individuos néo-treinados, com idades entre os 18-30 anos, par-
ticiparam neste estudo quase-experimental. Apos a fadiga, observou-se um aumento significativo
nos erros angulares absolutos (p=0,034) e relativos (p=0,017) apenas nos individuos nao-treina-
dos durante o reposicionamento de 45° do membro dominante.

Conclusoes: O protocolo de fadiga proposto parece nao ter efeitos agudos na sensacgao de posigao ar-
ticular do joelho de jogadores de futebol, enquanto parece ser prejudicial em individuos nao-treinados.

Introduction

Joint-position sense is a submodality of proprioception that
can be defined as an individual's ability to understand a joint
angle and to reproduce it, actively or passively, without the
aid of sight.! The muscle mechanoreceptors responsible for
mediating knee joint-position sense (KJPS), and especially
muscle spindles, are described as the ones providing more
proprioceptive input,2 being particularly active in intermedi-
ate ranges of the range of motion (ROM)3 between 40° and
80°,4 while joint mechanoreceptors signal proprioceptive in-
formation in extreme ranges near to the limit of the knee
ROM.12

Different factors have been proposed to positively or nega-
tively influence the KJPS. Regarding factors with proven pos-
itive effects, it can be highlighted performing a warm-up,5 and
practicing sports.®-8 On the contrary, aging is pointed as a fac-
tor that causes a decline in KJPS.9

Regarding muscle fatigue, its acute effects on the KJPS
appear to be not consensual in the available literature.
Muscle fatigue is defined as the reduction of a muscle's abil-
ity to generate strength and power.° Currently, it is known
that peripheral muscle fatigue, as it occurs within the mus-
cle, leads to metabolic changes that impair the muscle spin-
dle function, increasing its discharge threshold and dis-
turbing the proprioceptive input coming from this muscle
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mechanoreceptor.'-12 Fatigue exercise can also induce an
increase in knee ligament laxity,'3s which may also disturb
the input from joint mechanoreceptors.

Effectively, there are studies reporting negative impacts
of muscle fatigue induced by sports practice on the KJPS of
trained individuals such as soccer players.5>4 Indeed, it has
been suggested that muscle fatigue is related to the high
prevalence of injuries especially in the last 15 minutes of
soccer practices or matches and even in the last phases of
seasons, as it can impair the neuromuscular control by in-
ducing proprioceptive changes.'5'7 Regarding non-trained
individuals, conflicting results are found, with negative im-
pacts'®19 or no significant effects20-2! of muscle fatigue be-
ing reported.

Considering the lack of consensus in the literature, the
purpose of this investigation is to determine the acute ef-
fects of muscle fatigue on the KJPS of trained and non-
trained individuals. We hypothesize that the muscle fatigue
protocol will negatively affect the KJPS of both groups.

Methodology

Study Design and Participants

This quasi-experimental study was reported according to
the TREND Statement Checklist.22 A convenience sample



of trained and non-trained individuals were invited to par-
ticipate in the study. The non-trained individuals were stu-
dents recruited from the university and the soccer players
from two Portuguese semi-professional male and female
soccer teams. Data collections of the non-trained individu-
als occurred in the university premises, and regarding the
soccer players, collections were conducted in the medical
departments of the soccer teams. Inclusion criteria were:
male or female; age between 18-30 years; and without his-
tory of knee injuries within the past six months. Partici-
pants were excluded according to the following criteria:
history of knee surgery; cardiorespiratory, vestibular or
neuromuscular disorders; positive knee integrity tests
(Lachman test; anterior and posterior drawer test; valgus
and varus stress tests); taking medication with an influence
on motor control (analgesics, non-steroidal anti-inflamma-
tory drugs; muscle relaxants; antibiotics); and pregnant or
breast-feeding participants.

Determination of the dominant limb was performed by
questioning participants which lower limb was their pre-
ferred to kick a ball.23

Age of the participants was self-reported and the weight
and height of participants was measured with a weighing
scale and a stadiometer, respectively. Body mass index
(BMI) was then calculated using the following formula:
weight / (height).2

The study was approved by the Ethics Committee of the
Sciences of Health Faculty of Fernando Pessoa University,
and every participant signed the informed consent form,
declaring their willingness to participate in the study. All
procedures were according to the Declaration of Helsinki.

Assessment of joint position sense

KJPS was assessed in both the dominant and non-domi-
nant limb in open kinetic chain and describing an active re-
positioning method. To eliminate visual input, all partici-
pants were blindfolded during the procedures.

The assessment of the KJPS was conducted in the seated
position, with the participants’ knee flexed at 90° (starting
position). From this position, passively and slowly, the inves-
tigator moved the leg of the subject to extension to one of the
target ranges, defined by a goniometer. Participants were in-
structed to actively keep the test position for 5 seconds in or-
der to memorize it, and after that period they were asked to
return to the starting position, and immediately after, to ac-
tively reposition the knee to the target range, holding it for 5
seconds.5 Participants were tested for two distinct target
ranges: 20° of flexion,24 a position near the end range of the
knee ROM, where joint mechanoreceptors are more actives;
and 45° of flexion,2! an intermediate range of the knee ROM,
where the muscle mechanoreceptors are more active.24
Three repositionings were performed for each target range.

Knee angles were assessed using a Xsens MTx Inertial
Measurement Unit (IMU) System (Xsens, Enschede, Neth-
erlands). One inertial sensor was placed in each limb, posi-
tioned medially and immediately below the anterior tibial
tuberosity.2s

Repositioning errors were reported as: the Absolute An-
gular Error (AAE) defined as the absolute value of the dif-
ference between the value of the target range and the range
reproduced by the participant26; and the Relative Angular
Error (RAE) defined as the arithmetic difference between
the value of the target range and the range reached by the
subject26 (negative RAE’s indicate a directional bias into
the extension movement or an overestimation, and positive
RAFE’s into the flexion movement or underestimation of the
target range).

The KJPS of the participants was assessed in one session
before and immediately after the muscle fatigue protocol,
not allowing the recovery from the fatigue state. The same
investigator conducted all the procedures and the order of
assessment for the limbs and target ranges was randomized.

Fatigue Protocol

Quadriceps fatigue protocol consisted of a repetitive sit-to-
stand task from an adjustable height bench so that the thigh
and knee joints were flexed at 90°, with participants hold-
ing their arms folded across the chest. The cadence of the
movement was controlled with a metronome at 30-beats
per minute, meaning that between each beat, the partici-
pants had to stand up, sit and stand up again in a two sec-
ond-interval. The fatigue protocol was terminated accord-
ing to the following criteria: when the subject was no longer
able to perform the task; when the rhythm at which the task
should be performed was not the default rhythm (2s); or
after 30 minutes of protocol.2” The duration of the fatigue
protocol was recorded.

Statistical Analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences Software v. 26 for Windows.
A new variable was calculated (Variation), through the dif-
ference in the absolute and relative errors between the as-
sessment after and before fatigue (assessment after - as-
sessment before), where positive values indicate worsening
in the errors, and negative values an improvement. Nor-
mality of data distribution was tested using the Shapiro-
Wilk Test, and considering that data was not normally dis-
tributed, descriptive statistics were reported as median and
interquartile range (Mdn; IQR), and non-parametric tests
were used in the analysis. The Wilcoxon test was used for
intragroup comparisons of the AAE and RAE between
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before and after fatigue. The Mann-Whitney test was used
for intergroup comparisons of the variables: age, body
mass index (BMI), fatigue protocol duration, AAE and RAE
between the soccer players and the non-trained individuals’
groups. The level of significance was set at 0.05.

Results

Sixty subjects participated in the study, where 29 were soc-
cer players (14 female; 15 male) and 31 were non-trained
individuals (15 female; 16 male). The right lower limb was
the dominant limb in 88% of the participants.

Table 1 presents the comparison between groups regard-
ing age, BMI and fatigue protocol duration. No significant
differences between groups were found regarding age, BMI
or duration of the fatigue protocol (p>0.05) (Table 1).

Table 1. Comparison of age, BMI and fatigue protocol duration between the soccer
players and the non-trained individuals.

Soccer Players Non-trained individuals
n=29 n=31 P
Mdn; IQR Mdn; IQR
Age (years) 21.00; 8.00 22.00; 3.00 0.109
BMI (kg/m2) 21.50; 3.80 23.10;6.0 0.077
Fatigue Protocol Duration (min) 4.17;12.73 7.14;13.13 0.211

Table 2 and 3 shows the intra- and intergroup comparisons
of the repositioning errors before and after the fatigue pro-
tocol in the soccer players and in the non-trained individu-
als, respectively. Repositioning errors did not significantly
change after the fatigue protocol in the soccer players, but
in the non-trained individuals, a significant increase of the
AAE (p=0.034) and RAE (p=0.017) was found only in the
dominant limb and for the 45° test range.

Table 2. Comparison of the AAE and RAE before and after the fatigue protocol, of the
soccer players.

Soccer Players (n=29)
Before fatigue After fatigue Variation
p —_ ]

Mdn; IQR Mdn; IQR Mdn; IQR

DL 20° 3.15;5.85 3.71;3.98 0.812 0.46;6.73

w | DL45° 2.63;4.46 4.42;3.90 0.061 0.54;4.28

2 NDL 20° 1.99; 2.89 2.61;3.41 0.309 0.25;4.24

NDL 45° 5.34;4.98 4.64;5.19 0.456 -0.41;6.99

DL 20° -2.76;7.25 -2.94; 417 0.738 -0.31;7.96

w | DL45° -2.63;4.78 -4.42;4.31 0.078 2.52;8.59
<

« [ NpL 20° -1.48; 4.47 -1.54; 4.90 0.820 -0.66; 6.94

NDL 45° -5.34;5.84 -4.64;5.19 0.689 0.36; 7.31

*p=<0.05 (AAE: absolute angular errors; RAE: relative angular errors; DL: dominant limb; NDL:
non-dominant limb; Mdn: Median; IQR: Interquartile Rage)
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Table 3. Comparison of the AAE and RAE before and after the fatigue protocol, of the
non-trained individuals.

Non-trained Individuals (n=31)
Before fatigue After fatigue Variation
Mdn; IQR Mdn; IQR P Mdn; IQR
DL 20° 3.30;4.38 4.62;4.53 0.357 -0.01;4.04
w |DL45° 4.89;4.70 6.09;7.78 0.034* 1.78;8.54
2 NDL 20° 3.83;5.03 4.57,4.92 0.906 0.51;4.13
NDL 45° 5.54;7.83 4.76:6.10 0.248 0.33;5.90
DL 20° 2.44;6.90 3.51;7.66 0.891 1.05; 4.85
w |DL45° 4.82;6.73 6.09;8.71 0.017* 0.02; 5.27
2 NDL 20° 3.83;5.46 3.68;7.04 0.367 0.65; 6.95
NDL 45° 5.54;7.91 4.76;6.43 0.240 -0.20; 6.85

*p=<0.05 (AAE: absolute angular errors; RAE: relative angular errors; DL: dominant limb; NDL:
non-dominant limb; Mdn: Median; IQR: Interquartile Rage)

Discussion

The main findings of this study were that a repetitive sit-to-
stand fatigue task did not affect the KJPS of soccer players,
but significantly increased the repositioning errors of the
non-trained individuals’ group in the dominant limb and in
intermediate ranges of the knee ROM.

Regarding the soccer players’ group, results are not in
agreement with prior research such as the one of Salgado,
Ribeiro and Oliveiras who also assessed the effect of fatigue
on the KJPS of these athletes, but contrary to our results,
the authors reported a significant increase of the reposi-
tioning errors. However, although the KJPS assessment
method employed in this study was similar (open kinetic
chain technique and active repositioning method from a
passive positioning), two aspects should be recognized.
First, the fatigue protocol was distinct. In the study of Sal-
gado, Ribeiro and Oliveiras fatigue was induced by a 90
minutes soccer game, which might suggest that the proto-
col of the present study was not enough to effectively cause
fatigue in the soccer players. Second, the repetitive sit to
stand task induced muscle fatigue locally in the knee joint
while a soccer game may induce a more general fatigue. In-
deed, previous studies compared the effect of local and gen-
eral fatigue protocols on the KJPS, and reported a signifi-
cant increase of the repositioning errors only after the
induced general fatigue, without even reporting a signifi-
cant decrease of muscle strength.28 Although local fatigue
can cause a disfunction of the muscle mechanoreceptors,
these authors hypothesized that the general fatigue proto-
col could have affected other mechanisms of the proprio-
ceptive pathway that gave origin to a central fatigue, which
might have led to a deficit of the central processing of the
proprioceptive input, which may explain the distinct re-
sults from the present investigation and the one of Salgado,
Ribeiro and Oliveira.s



Regarding the non-trained individuals, the hypothesis was
confirmed as the results showed that muscle fatigue negatively
affected the KJPS, but only in the dominant limb when repo-
sitioning to the target range of 45°, which denotes two im-
portant aspects. First, the dominant limb seems to be more af-
fected by muscle fatigue than the non-dominant limb.
However, to the best of our knowledge, no previous studies
compared the proprioceptive acuity between lower limbs after
a fatigue protocol, so we hypothesize that during the repetitive
sit-to-stand fatigue task, these participants possibly did not
symmetrically distribute the load by both lower limbs, which
might have overloaded the dominant one, leading to proprio-
ceptive differences between limbs. Second, as significant
changes in the repositioning errors were only reported in the
intermediate range of 45° and not for the extreme range of
20°, this suggests that muscle fatigue had a greater impact on
muscle mechanoreceptors. Similar results to the ones pre-
sented here were also previously reported by Ali, Farzaneh and
Homayoon24 that have assessed the effect of the Functional
Fatigue Protocol on the knee repositioning errors for the same
ranges of this study (20° and 45° of knee flexion), and have
also described a significant increase of the repositioning errors
only for the range of 45°. Similarly, Da Silva, Monjo, Zghal,
Chorin, Guérin and Colson'® found significantly increased er-
rors after an eccentric fatigue protocol when KJPS was as-
sessed in an intermediate range of 70°, while no significant ef-
fect was seen at the extreme range of 30°.

Although most of the available literature seems to demon-
strate that muscle fatigue decreases KJPS, some studies also
contradict this evidence. Dieling, Van der Esch and Janssen
21did not report a significant increase of the repositioning er-
rors both in trained individuals such as ballet dancers as in
non-trained individuals for three distinct target ranges (30°,
45° and 60° of knee flexion), after performing a fatigue pro-
tocol in an isokinetic dynamometer. However, it should be
noted that the authors used a passive repositioning method,
amethod that leads to a lower activation of the muscle mech-
anoreceptors, which may justify the absence of significant
differences in the repositioning errors before and after the
fatigue protocol.29

The present study also included participants of both
sexes. Even though it was previously described that KJPS
suffers changes during a menstrual cycle in females,3° the
literature is not consensual regarding differences in the
KJPS between female and male individuals,5-31-33 although
the majority of studies concludes that there are no differ-
ences between sexes.6:31.32 Effectively, only Muaidi 33 re-
ported significant differences between sexes, with males
presenting better KJPS. However, the study also reported a
significantly different level of physical activity between
male and female participants, with males presenting a
higher level of physical activity. Indeed, Relph and Her-
rington34 demonstrated previously that physical activity
improves KJPS, which may explain the differences found.

In order to avoid possible injuries both in normal daily
tasks as well as in specific sports tasks, the central nervous
system must rely on adequate proprioceptive information
from mechanoreceptors. This gives the capacity to provide
correct neuromuscular responses that will assure protec-
tion against excessive motions in the knee, and conse-
quently, ensure the joint’s stability. Muscle fatigue, as dis-
cussed, impairs the KJPS, which can have repercussions in
the emitted responses, which may not ensure the stability
of the joint. Thus, a compromised position sense may result
in an increased risk of injury, for example due to an in-
creased time until activation of the muscles that can stabi-
lize the joint and resist to high impacts,35:36 as seen in pos-
sible falls in daily life, as well as to prevent injuries when
landing after jumping or changing directions, which are
common in many soccer activities.

Some limitations of the study should be recognized. First,
the necessary sample size was not calculated, so it is possi-
ble that with a more representative sample, other results
could have arisen. Second, the demonstration of the target
angle was made through a passive positioning, although ac-
cording to Pickard, Sullivan, Allison and Singer3” muscle
contraction prior to the reposition induces a higher preci-
sion in position sense. Third, the maximal voluntary con-
traction was not assessed before the fatigue protocol, so
there was no possibility of estimating the effective strength
decrease after the sit-to-stand fatigue task. Fourth, we did
not assess if the load was symmetrically distributed by the
lower limbs during the sit-to-stand fatigue task. Future
studies should address these limitations and test different
fatigue protocols in trained individuals in order to under-
stand which activities effectively cause fatigue in these ath-
letes that can lead to proprioceptive deficits and conse-
quently increase the risk of injury.

Conclusion

The proposed fatigue protocol appears to have no acute ef-
fects on the KJPS of soccer players, while it appears to be
harmful in non-trained individuals. Muscle fatigue also
seems to affect more the dominant limb and the muscle
mechanoreceptors.
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