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Abstract — Although the determinant impact of exercise-induced muscle fatigue prior to postur-
al balance assessment has been widely described, recent evidence suggests that hyperventilation
and sensorimotor losses, rather than muscle fatigue, are responsible for the changes observed in
postural balance. However, the association between localized muscle fatigue (LMF), induced
by isokinetic dynamometer protocol test and assessed through surface electromyography, and
postural balance in adults is poorly understood. We aimed to evaluate the association between
the LMF of the rectus femoris and static postural balance in 51 adult men (43+14.8 years;
26.9+5 kg/m?). We obtained physical activity level and postural balance, respectively, through
a triaxial accelerometry and a force platform. The quadriceps femoris strength and endurance
were obtained using an isokinetic dynamometer and surface electromyography simultaneously.
The association between the isokinetic and electromyographic LMF and static postural bal-
ance was investigated using linear regression models adjusted for age, body mass index, and
isokinetic quadriceps strength and LMF. The correlations between postural balance variables
and isokinetic muscle strength and LMF were weak-to-moderate. After multivariate analyses,
we observed that electromyographic LMF were a predictor of postural balance, mainly of the
mean amplitude and center of pressure area and velocity in the mediolateral direction, regard-
less of isokinetic variables. Therefore, LMF plays a determinant role in the postural balance
of physically active adult men. Fatigue indices are significant predictors of postural balance,
regardless of previous fatigue induction.
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Resumo — Embora o impacto da fadiga muscular induzida antes da avaliagio do equilibrio postural
tenha sido amplamente descrito, evidéncias recentes sugerem que hiperventilacao e perdas sensorio-
-motoras, ao invés de fadiga, sao responsdveis por alteragoes no equilibrio postural. Contudo, a as-
sociagdo entre fadiga muscular localizada (FML), induzida por protocolo de teste em dinamémetro
isocinético e avaliada por meio de eletromiografia de superficie, e equilibrio postural em adultos é
pouco compreendida. Investigamos a associagio entre FVL do maisculo reto femoral e equilibrio pos-
tural estdtico em 51 homens adultos fisicamente ativos (43+14.8 anos; 26.9+5 kg/m2). Obtivemos
atividade fisica habitual e equilibrio postural, respectivamente, por meio de acelerometria triaxial
¢ plataforma de forca. A forca e endurance musculares do miisculo quadriceps femoral foram obtidas
através de dinamometria isocinética e eletromiografia de superficie simultaneamente avaliadas. A
associagdo entre a FML eletromiogrdfica e isocinética e o equilibrio postural foi investigada por meio
de modelos de regressio linear ajustados por idade, indice de massa corporal, forca isocinética e FML
eletromiogrdfica do quadriceps. As correlagbes entre equilibrio postural, forca isocinética e FML, foram
Jfracas a moderadas. Apds andlise multivariada, FML eletromiogrdfica foi determinante para equi-
librio postural, sobretudo para amplitude média e drea e velocidade do centro de pressio na direcio
mediolateral, independente das varidveis isocinéticas. Portanto, FML apresenta papel determinante
no equilibrio postural de homens adultos fisicamente ativos. Os indices de fadiga sdo preditores sig-
nificativos do equilibrio postural, independente de indugio da fadiga.

Palavras-chave: Eletromiografia; Equilibrio postural; Fadiga; Forca muscular.
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Localized muscle fatigue and postural balance

INTRODUCTION

Localized muscle fatigue (LMF) is defined as an exercise-induced re-
duction in the ability of a muscle to generate force or power, regardless
of the ability to sustain the task™. LMF is a complex and multifactorial
phenomenon that is widely used as an indicator of physiological processes
since fatigue leads to a decline in the desired performance and capacity to
produce muscle strength during various efforts®>.

Unlike muscle strength?, the association between LMF and postural
balance in adults is poorly understood. Acute induction of muscle fatigue
by specific protocols of high-intensity exercises negatively affects the pos-
tural balance in both adults and older adults>®. However, recent evidence
suggests that hyperventilation rather than muscle fatigue is responsible
for changes in postural balance during the induction of fatigue by intense
short-term exercise’. Even in exercises with different intensities that
induce different levels of hyperventilation, postural balance impairment
was identified”®. In addition to hyperventilation, sensorimotor losses may
also play a determining role in postural balance”®. Considering that other
physiological mechanisms can also influence postural balance after fatigue
induction protocols, it is essential to investigate the extent to which LMF
determine the postural balance in adults.

A variety of methods have been used to measure LMF. However,
the ability to sustain a load or increase the force level can be subjectively
modified (e.g., through motivation)’. Accordingly, surface EMG has been
considered a reliable method to evaluate LMF since the changes in the
EMG median frequency during sustained isometric contraction or suc-
cessive dynamic contractions is a physiological manifestation of LMFEF*'°.
Additionally, LMF can also be investigated by mechanical methods includ-
ing successive contractions in an isokinetic dynamometer'.

Therefore, intrinsic and extrinsic fatigue measures combined (e.g.,
isokinetic dynamometry and EMG) may allow a better understanding
of the association between LMF and postural balance. The evaluation of
rectus femoris is rational since it is widely used in daily living activities,
as well as often recruited to maintain orthostatic posture and move from
sitting to standing®?.

We hypothesized that LMF of the rectus femoris, induced by isokinetic
dynamometer protocol test and assessed through EMG, is a determinant
of static postural balance in physically active adult men. If confirmed, we
can elucidate this association free of the confounding eftect of other physi-
ological attributes related to the acute induction of muscular fatigue and,
hence, to provide evidence for designing interventions to improve LMF
and postural balance.

'The primary objective of the present study was to evaluate the associa-
tion between the electromyographic LMF of the rectus femoris and the
static postural balance in physically active adult men.
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Localized muscle fatigue and postural balance

METHODS

Study design and participants

We conducted a cross-sectional study with 51 physically active, healthy
men aged 20 to 80 years. Participants were recruited through ads on social
networks, magazines, and newspapers, and at local universities.

The Human Research Ethics Committee of the Federal University of
Sdo Paulo (no. 0968/2016) approved this study. All volunteers were in-
formed about the risks and discomforts related to the evaluation protocol
and gave their written consent.

We conveniently included only physically active male participants free
of cardiorespiratory and locomotor diseases. The exclusion criteria were the
use of walking aids or difficulties to perform effort due to osteoarticular
problems, recent respiratory infections, refusal to participate, or by the
judgment of the team about the ability to perform effort safely. Participants
with vestibular diseases and visual impairment were also excluded.

Risk stratification for cardiovascular events during exercise was per-
formed based on the following self-reported cardiovascular risk factors:
age, family history of cardiovascular disease, smoking status, hypertension,
dyslipidemia, diabetes, obesity, and physical inactivity. Participants who
had moderate-to-high cardiovascular risk were not included.

Experimental procedures

Evaluations for each participant were performed over two days with an
interval of one week between them. The first day consisted of a general
clinical evaluation, followed by anthropometry and cardiopulmonary ex-
ercise testing. Then, participants used a triaxial accelerometer above the
dominant hip to assess the physical activity level for seven days. On the
second day of evaluation, we evaluated body composition, static postural
balance, peripheral muscle force, and endurance of the quadriceps femoris.
These evaluations are described in detail below.

* Anthropometry and body composition
Height (m) and body mass (kg) were measured using a digital scale with
a stadiometer (Toledo®, Sdo Paulo, Brazil). Then, we calculated the body
mass index (BMI) in kg/m?. We assessed body composition by bioelectrical
impedance (310e BIODYNAMICS, Detroit, USA) and calculated lean

and fat body mass as previously described®.

* Peak VO,
Participants were submitted to a symptom-limited CPET under a treadmill
ramp protocol (ATL, Inbrasport, Brazil) to obtain peak oxygen uptake
(VO,), which was considered the average value of the VO, (ml/min/kg)
during the last 15s of test'*. We monitored VO, throughout the test using
a gas analyzer (Quark PFT, Cosmed, Pavona di Albano, Italy), and the
heart rate by means of a 12 lead ECG.
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Localized muscle fatigue and postural balance

* Physical activity level

'The physical activity level was evaluated using validated triaxial acceler-
ometers as previously described” (ActiGraph, MTI, Pensacola, FL). We
carefully instructed participants to position the device above the dominant
hip for seven consecutive days. We only analyzed data from participants
who used the accelerometer for, at least, four valid days (e.g., at least, 10h
of monitoring)™. The threshold for moderate-to-vigorous was >1,951 cpm?.
We considered physically inactive participants to be those with <150 min-
utes of moderate-to-vigorous physical activity'’.

* Static postural balance
Postural balance was evaluated using kinetic data on the center of pressure
(COP) dynamics on a force platform18 (400 BIOMEC; EMG System,
Brazil). The frequency of data acquisition was 100 Hz and filtered using a
low-pass cut-oft of 0.5 Hz. Participants were instructed to place one foot
in front of the other (e.g., semi-tandem (ST) stance) and remain immobile
with arms held alongside the body for 30s with and without visual informa-
tion (Figure 1). Body sway was measured along with anteroposterior and
mediolateral directions. We recorded the mean amplitude (cm), median fre-

quency (Hz), and COP area (cm?), and velocity (cm/s) for further analysis.

30s with eyes open 30s with eyes closed

Figure 1. lllustration of foot position in semi-tandem stance.

* Isokinetic muscle function

After postural balance assessment, we measured muscle function of the
quadriceps femoris on an isokinetic dynamometer” (Biodex, Lumex Inc,
USA). In a standard seated position with a hip angular position at 90°,
the upper body and the lower limb to be assessed are fully fixed by strips.
Equipment software properly corrects the influence of gravity and the
weight of the limb to be evaluated during the test. The dynamometer
calibration measures remained unchanged during the study.
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Localized muscle fatigue and postural balance

At first, we aligned the mechanical axis of rotation of the device to the
rotational axis of the knee to apply three protocol tests to obtain isometric
force as a measure of maximal voluntary contraction, peak torque (PT),
and total work (T'W) as a measure of muscle endurance.

In order to achieve isometric force, we instructed participants to perform
a trial of five repetitions of isometric force recorded in Nm at 60° for 5s with
rest periods of at least one minute. Then, the PT (Nm) of the concentric
isokinetic knee extension was evaluated by a trial of five movements at 60°/s
with range of motion from 90° to 0° of the knee flexion. After five minutes of
rest, participants performed 30 repetitions at 300 /s to record the TW (K]).

We applied these three protocol tests mentioned above to the quadri-
ceps femoris of the dominant leg. Participants were verbally encouraged
during the tests. The highest value in the isometric test was selected to
compose the maximal voluntary contraction for adjustment of the elec-
tromyographic data. The isokinetic LMF was calculated by the difference
between the first and last third of the 30-repetition test. We also used knee
extension PT for further analysis.

* Electromyography localized muscle fatigue

We used surface electromyography (Miotec, Brazil) to assess LMF2°.
'The EMG signals were collected during the isokinetic muscle endurance
assessment of the dominant leg throughout 30 repetitions at 300%s. Ag/
AgCl bipolar electrodes were positioned halfway between the anterior
superior iliac spine and the superior border of the patella for monitoring
rectus femoris muscle. We positioned the reference electrode on the spinous
process of the seventh cervical vertebra.

We used an eight-channel biological signal acquisition module (Mi-
oTool wireless/USB®) for registering the myoelectrical activity. The equip-
ment was set at a 1000-fold gain, 10 Hz high pass and 500 Hz low pass
filters, a frequency of 2000 Hz, and 120 dB reject module. We normalized
the EMG signals using the maximal voluntary isometric contractions.

'Then, we used the median frequency of the EMG power spectrum for
the assessment of LMF during 30 contractions of the isokinetic muscle
endurance test at 300°/s. We excluded the first and the last five contrac-
tions in order to minimize possible instabilities in the acquisition of the
electromyographic signals.

A visual inspection of electromyographic muscle fatigue was performed
after Fast Fourier transformation to obtain their respective spectral power
densities. We plotted the median frequency of the EMG signals against
the 20 intermediate repetitions performed. We fit simple linear regression
analyzes to evaluate the slope of the regression lines, which was considered
a measure of the LMF for each participant. The more negative the coef-
ficient, the higher the muscle fatigue.

Statistical analysis
Statistical analysis was performed using SPSS, version 23 (SPSS Inc.,
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Localized muscle fatigue and postural balance

USA). Data were analyzed descriptively. Continuous variables were pre-
sented as mean + standard deviation or as median (interquartile range).

We evaluated the correlations between the continuous variables by
the Pearson or Spearman coefficients, according to the data distribu-
tion. The association of electromyographic LMF in the maintenance
of static postural balance was investigated in multiple linear regression
models (enter method), adjusted for age, BMI, knee extension PT,
and isokinetic LMF. We set the probability of alpha error at 5% for
all statistical tests.

'The sample size was estimated based on the relationship between the
number of predictors desired for the multiple linear regression analyses
and the minimum number of observations required, indicating at least 50
subjects for the elaboration of multiple linear models containing 4 to 5

variables (e.g., age, BMI, knee extension P'T, and isokinetic LMF).
RESULTS

Our 51 participants were, on average, adult men with BMI slightly above
average and mean body composition within normality (Table 1).

'The median frequency of the EMG power spectrum of each partici-
pant was used for assessing LMF during 20 intermediate repetitions of
the isokinetic muscle endurance test. After Fast Fourier transformation
and visual inspection of fatigue, spectral power densities were obtained.
Lastly, LMF was obtained for each participant as can be seen in Figure 2.

We observed significant weak-to-moderate correlations between
postural balance variables and electromyographic LMF (Table 2). PT of
isokinetic knee extension negatively correlated with mean amplitudes (e.g.,
anteroposterior and mediolateral) and COP area, but only in ST with eyes
open. In turn, electromyographic LMF presented a positive significant
correlation with mean amplitude in a mediolateral direction in ST with
eyes open. We also found significant positive correlations between elec-
tromyographic LMF with mean amplitude in mediolateral direction and
COP area and velocity in ST with eyes closed. Isokinetic LMF did not
correlate with the postural balance variables.

PT of isokinetic knee extension, electromyographic and isokinetic
LMF were significant predictors of postural balance (Table 3). PT pre-
dicted only mediolateral mean amplitude in ST stance with eyes open.
Anteroposterior mean amplitude and median frequency with eyes open
were predicted by isokinetic LFM, which also determined COP velocity
in ST stance with eyes closed. Lastly, we found that electromyographic
LMF was significant predictor for mediolateral mean amplitude for both
eyes open and closed, as well as COP area and velocity respectively with
eyes open and closed. Additionally, the multivariate models explained
0.08 a 32% of the variance of postural balance, mainly in mediolateral
oscillations.
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Localized muscle fatigue and postural balance

Table 1. Characteristics of the studied sample (n = 51).

Bouchnak et al.

Age (years) 43 +14.8
Body mass index (kg/m?) 2695
Peak VO, (mL/min/kg) 39.5 +10.6
Fat body mass (%) 235+6.6
Fat body mass (kg) 19.7 £ 8.7
Lean body mass (%) 455+10.2
Lean body mass (kg) 61.3 £ 38.1
Isokinetic muscle function

Peak torque of the isokinetic knee extension at 60°/s (N-m) 192.3 +49.6

Total work of the isokinetic knee extension at 300°/s (kJ) 2467.2 + 676.6

Peak torque of the isometric knee extension (N-m) 237.9 +58.3

Surface electromyography

Localized muscle fatigue of rectus femoris
Accelerometer-based physical activity

Moderate-to-vigorous physical activity (hour/week)

Moderate-to-vigorous physical activity (%/week)
Semi-tandem stance with eyes open

Anteroposterior mean amplitude (cm)

Mediolateral mean amplitude (cm)

Anteroposterior median frequency (Hz)

Mediolateral median frequency (Hz)

Center of pressure area (cm?)

Center of pressure anteroposterior mean velocity (cm/s)

Center of pressure mediolateral mean velocity (cm/s)
Semi-tandem stance with eyes closed

Anteroposterior mean amplitude (cm)

Mediolateral mean amplitude (cm)

Anteroposterior median frequency (Hz)

Mediolateral median frequency (Hz)

Center of pressure area (cm?)

Center of pressure anteroposterior mean velocity (cm/s)

Center of pressure mediolateral mean velocity (cm/s)

-0.85 (-1.13--0.78)

5.3+0.2
5903

211 (1.73 - 2.64)
1.81 (1.31-2.37)
0.33 (0.26 - 0.47)
0.46 (0.27 - 0.73)
1.97 (1.45-3.14)
153 (1.23 - 1.83)
1.39 (1.16 — 1.65)

4.58 (3.25-5.68)
3.09 (1.84 - 4.36)
0.40 (0.26 - 0.53)
0.66 (0.40 - 0.80)
8.0 (3.69 - 10.54)
3.06 (2.14 - 3.50)
2.29 (1.7 - 1.39)

Note. Data presented as mean + SD and median (interquartile range).

90-
804 @ PS

70 ¢ P
60- * 2

Median frequency (Hz)

.0

o

0 5 10 15

20 25

Number of quadricipes isokinetic

contractions at 300%s

Figure 2. Simple linear regression analyzes with Fast Fourier transformation to obtain their
respective spectral power densities to evaluate the slope (coefficients) of the tendency line of
median frequency, which was considered a measure of the electromyographic localized muscle
fatigue for each participant.
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Table 2. Correlations between variables of postural balance on a force platform in semi tandem stance and isokinetic muscle strength
and localized muscle fatigue assessed by surface electromyography.

Peak torque of the

i e O TaT Electromyography Isokinetic

Postural balance variables sion at 60°/s LMF LMF
r p r p r p

Semi-tandem stance with eyes open
Anteroposterior mean amplitude (cm) -0.286* 0.042 -0.153 0.285 0.133 0.362
Mediolateral mean amplitude (cm) -0.291* 0.038 0.367** 0.008 0.053 0.715
Anteroposterior median frequency (Hz) -0.062 0.668 -0.020 0.888 0.267 0.064
Mediolateral median frequency (Hz) 0.117 0.415 -0.180 0.205 0.273 0.057
Center of pressure area (cm2) -0.331* 0.018 0177 0.215 0.186 0.200
Center of pressure anteroposterior mean velocity (cm/s) -0.087 0.554 -0.033 0.822 0.089 0.551
Center of pressure mediolateral mean velocity (cm/s) -0.107 0.465 0.198 0.173 0.006 0.967
Semi-tandem stance with eyes closed
Anteroposterior mean amplitude (cm) -0.203 0.153 0.053 0.710 0.025 0.864
Mediolateral mean amplitude (cm) -0.187 0.190 0.312* 0.026 -0.008 0.959
Anteroposterior median frequency (Hz) 0.010 0.944 -0.34 0.811 0.224 0122
Mediolateral median frequency (Hz) 0.81 0.573 -0.90 0.529 0.164 0.259
Center of pressure area (cm?) -0.191 0.180 0.279* 0.047 0.048 0.743
Center of pressure anteroposterior mean velocity (cm/s) -0.208 0.151 0.096 0.510 0.211 0.154
Center of pressure mediolateral mean velocity (cm/s) -0.243 0.92 0.333* 0.019 0.025 0.869

Note. LMF: localized muscle fatigue; * p < 0.05; **p < 0.01

Table 3. Coefficients of the multiple linear regressions with variables of the postural balance on a force platform in semi tandem stance
as the outcomes.

Muscle function assessment variables
Peak torque of the

Electromyography

Postural balance variables isokigi%tri]cali%e;ofs)den- LMF (eI LF -
Coefficient Coefficient Coefficient
(SE) P (SE) P (SE)

Semi-tandem stance with eyes open

Anteroposterior mean amplitude (cm) -0.004(0.003) 0.119 -0.045(0.199) 0.822 0.012(0.007) 0.048 0.161
Mediolateral mean amplitude (cm) -0.006(0.003) 0.032 0.578(0.204) 0.007 0.005(0.007) 0.469 0.311
Anteroposterior median frequency (Hz) 0.000(0.001) 0.777 0.005(0.064) 0.937 0.005(0.002) 0.026 0.391
Mediolateral median frequency (Hz) 0.001(0.001) 0.336 -0.069(0.085) 0.421 0.004(0.003) 0.133 0.181
Center of pressure area (cm?) -0.008(0.005) 0.079 0.707(0.350) 0.049 0.019(0.012) 0.113 0.131
Center of pressure anteroposterior mean velocity (cm/s)  0.003(0.003) 0.372 0.052(0.212) 0.807 0.003(0.007) 0.663 0.087
Center of pressure mediolateral mean velocity (cm/s)  0.001(0.002) 0.564 0.214(0.146) 0.151 -0.001(0.005) 0.770 0.134

Semi-tandem stance with eyes closed

Anteroposterior mean amplitude (cm) -0.001(0.006) 0.839 0.387(0.483) 0.427 0.011(0.016) 0.516 0.124
Mediolateral mean amplitude (cm) 0.003(0.007) 0.679 1.379(0.534) 0.013 0.008(0.018) 0.680 0.323
Anteroposterior median frequency (Hz) 0.000(0.001) 0.671 0.014(0.072) 0.850 0.003(0.002) 0.166 0.243
Mediolateral median frequency (Hz) 0.000(0.001) 0.640 -0.040(0.079) 0.619 0.003(0.003) 0.258 0.047
Center of pressure area (cm?) -0.003(0.029) 0.913 3.663(2.219) 0.106 0.098(0.075) 0.201 0.143
Center of pressure anteroposterior mean velocity (cm/s) -0.006(0.006) 0.313 0.393(0.449) 0.387 0.028(0.015) 0.049 0.159
Center of pressure mediolateral mean velocity (cm/s) -0.005(0.004) 0.200 0.716(0.309) 0.026 0.010(0.010) 0.339 0.267

Note. Data in bold represent the significant correlations (p < 0.05). LMF: localized muscle fatigue, SE: standard error. Models adjusted
for age (years), body mass index (kg/m2) and isokinetic LMF (%).
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DISCUSSION

We investigated the association between electromyographic LMF of the
rectus femoris and static postural balance in physically active adult men.
Our findings showed that LMF was determinant for static postural balance
in ST stance, especially in mediolateral oscillations. Additionally, this as-
sociation remained significantly and independent regarding the isokinetic
strength and endurance of the quadriceps femoris.

In the present study, we found an association between muscle strength
and static postural balance, which agree with previous literature. A sys-
tematic review with meta-analysis described very similar results among
39 studies evaluating the correlation between strength and power of lower
limb muscles and postural balance in children, adolescents, adults, and the
elderly*. It would be rational to expect a consistent correlation. However,
power generation during orthostatic posture is dependent on the task per-
formed. Also, the influence of muscle strength/power on postural balance
is age-dependent, being much more consistent in adolescents compared to
adults and the elderly*.

'The induction of muscle fatigue is common in almost all studies. Al-
though previous studies have greatly contributed to the understanding the
muscle fatigue effect on postural balance, they present some limitations.
The association between muscle fatigue and postural balance has been
investigated by using high-intensity and short exercise protocols for fatigue
induction”®. Although several studies have evaluated running, walking,
and cycling®, we induced fatigue through isokinetic fatigue protocol and
assessed LMF by using EMG. It is also important to consider that we
also did include postural balance assessment before and after induction of
fatigue, which prevents us from reaching conclusions about the negative
repercussion of post-exercise muscle fatigue on sports performance.

However, the methodology employed in the present study presents
some advantages. First, we investigated the association between LMF
and postural balance in the absence of ventilation effects, among other
factors related to fatigue induction, since ventilation remains elevated
until about 45s after the task, jeopardizing postural balance®. Secondarily,
electromyographic LMF as investigated in the present study has several
advantages. The assessment of electromyographic LMF can be used as a
way of assessing muscle function in addition to being non-invasive and
having low cost?*2. For example, it can be widely used in rehabilitation
as a tool to identify the limitation of muscle function. Further, it can be
used in the diagnosis and prognosis of neuromuscular disorders, as well
as in cases of peripheral neuropathy, among other applications. The use of
electromyographic LMF would allow all of these evaluations to be carried
out at a much lower cost compared to isokinetic dynamometry'®. It is
relevant to consider that the electromyography can be easily transported
and used for evaluating other functional movements differently from the
isokinetic dynamometer.
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'The studies are also concentrated in the clinical setting with few physi-
cally active participants as volunteers. In turn, the present study involved
physically active adults. We chose to study these participants because
there is a substantial gap in the literature regarding these subjects, who
are not athletes. As expected, the isokinetic and electromyographic LMF
associated with postural balance, mainly with a mediolateral body sway.
These findings related to body sway in mediolateral direction in a more
challenging tasks (e.g., ST stance and without visual information) may be
attributed to our sample characteristics.

Lower limb muscle fatigue has been previously described as a deter-
minant of the greater COP oscillation in young individuals** as well as for
gait parameters changes and propensity for falls in the elderly*. Since our
subjects were composed of adults, there may be greater adoption of pos-
tural strategies related mainly to the hip. In the absence of fatigue, young
people prefer to adopt the ankle strategy while older people use the hip
strategy to maintain balance®®. Despite the age-related structural changes
and strength decline, the evidence points to higher resistance to fatigue in
elderly subjects compared to those younger in both isometric and dynamic
contractions. However, the elderly showed a greater COP oscillation af-
ter fatigue induction protocols?. Together, the above evidence indicates
that, with advancing age, maintaining balance after muscle fatigue in the
elderly is more challenging than in young people*”. Moreover, it has been
suggested that older people balance using strategy more focused on the
hip muscles in situations of fatigue®. Although fatigue was not induced
before the assessment of postural balance in the present study, our results
might be attributed to the strategies adopted to maintain postural balance,
especially by the characteristics of our sample and the contribution of the
proximal muscles and reorganization of coordination between the joints.

Our study conveniently involved adult men?®, in whom cardiometabolic
comorbidities are more prevalent. It is valid to consider that the increasing
presence of cardiovascular risk factors contributes to impaired balance with
aging probably due to the damage of the nervous system responsible for
postural control®”’. However, it remains unclear whether postural instability
in these individuals is associated with psychological factors or whether the
worsening of balance is more substantial in fragile subjects.

The present study had limitations to consider. The small sample size
limited the number of predictors of interest in the multivariate models and,
consequently, the coefficient of determination. The evaluation of the rectus
femoris muscle alone is also a weak point of our study since other seg-
ments (e.g., trunk, hip, and ankle) muscles are widely used in the research
field. However, we chose the rectus femoris because it is a mixed muscle
regarding muscle fiber types®, extensively used in daily living activities,
and linked to several outcomes'.

To our knowledge, this is the first study to evaluate the association
between LME; and postural balance in physically active adult men. Also,
we used accurate and sophisticated evaluations to obtain physical activity
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level, isokinetic and electromyographic LMF and postural balance, which
strengthens our findings. Furthermore, our study evaluated the influence of
rectus femoris fatigue on static postural balance without previous induction
of fatigue, ruling out acute effects.

CONCLUSION

LMEF plays a determinant role in the postural balance of physically active
adult men. Our results suggest that muscular endurance training could
be a rational strategy to improve the postural balance of physically active
adults, allowing the improvement of performance, as well as the preven-
tion of injuries and falls.
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