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Stabilometric response during single-leg  
stance after lower limb muscle fatigue
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ABSTRACT | Objective: This study sought to analyze the effect of muscle fatigue induced by active isotonic resistance 
training at a moderate intensity by measuring the knee extension motion during the stabilometric response in a single-leg 
stance among healthy university students who perform resistance training on a regular basis. Method: Eleven healthy 
university students were subjected to a one-repetition maximum (1RM) test. In addition, stabilometric assessment was 
performed before and after the intervention and consisted of a muscle fatiguing protocol, in which knee extension was 
selected as the fatiguing task. The Shapiro-Wilk test was used to investigate the normality of the data, and the Wilcoxon 
test was used to compare the stabilometric parameters before and after induction of muscle fatigue, at a significance level 
of p≤0.05. Descriptive statistics were used in the analysis of the volunteers’ age, height, body mass, and body mass index 
(BMI). Results: The sample population was 23.1±2.7 years of age, averaged 1.79.2±0.07 m in height and 75.6±8.0 Kg 
in weight, and had a BMI of 23.27±3.71 Kg.m–2. The volunteers performed exercises 3.36±1.12 days/week and achieved 
a load of 124.54±22.07 Kg on 1RM and 74.72±13.24 Kg on 60% 1RM. The center of pressure (CoP) oscillation on 
the mediolateral plane before and after fatigue induction was 2.89±0.89 mm and 4.09±0.59 mm, respectively, while 
the corresponding values on the anteroposterior plane were 2.5±2.2 mm and 4.09±2.26 mm, respectively. The CoP 
oscillation amplitude on the anteroposterior and mediolateral planes exhibited a significant difference before and after 
fatigue induction (p=0.04 and p=0.05, respectively). Conclusions: The present study showed that muscle fatigue affects 
postural control, particularly with the mediolateral and anteroposterior CoP excursion.
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Introduction
The control of upright posture is achieved through 

the integration of a complex set of reflex and 
perceptual processes that ensure the maintenance 
and recovery of balance. Such processes depend 
on the uninterrupted flow of afferent impulses that 
originate in proprioceptive, vestibular, and visual 
structures. As a consequence, perception deficits 
may hinder postural control and influence balance1. 
According to some studies, orthopedic injuries2, 
vestibular disorders3, and fatiguing exercises4 can 
affect proprioception5,6 and therefore also postural 
control7.

Changes in proprioception that occur in response 
to fatigue8-10 may affect neuromuscular control and 
increase the incidence of injuries11. Disorders of 
the perceptual system can also increase the risk of 
ligament injury, especially around the knees and 
ankles5,6,12, given the relevant role of these joints 
in postural control and the maintenance of balance.

The ability of muscle to generate force and power 
decreases under fatigue conditions13, resulting 
in motor performance deficits14 and increasing 
oscillations during static posture15. The effects of 
fatigue on balance can appear immediately after 
the performance of exercise and tend to decrease 
over time16. Therefore, balance and the performance 
of functional tasks decrease following fatiguing 
exercise17.

Balance depends on the ability of the neuromuscular 
system to react quickly to perturbations that introduce 
destabilizing forces, the effects of which are 
minimized by the adjustment of posture18. However, a 
reduction in the ability of the musculoskeletal system 
to respond quickly to the forces that act on the body 
and hinder its balance may affect perceptual and 
effector mechanisms and thus alter the response of 
the neuromuscular system, resulting in interference 
with body stability18,19. According to certain studies, 
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trunk and lower limb muscle fatigue in young adults 
is associated with a reduction in postural control11,20.

Bisson et al.21 found no differences between two 
types of fatiguing protocols involving isometric and 
isokinetic contractions of the plantar flexor muscles, 
although both protocols altered the center of pressure 
(CoP) parameters. In addition, increases in the CoP 
excursion area, velocity, and variability were found 
in both the anteroposterior and mediolateral planes. 
Although the muscles affecting the ankles play a 
crucial role in the control of the quiet upright posture, 
the knee extensor muscles are proportionately much 
more greatly used and are therefore also more exposed 
to fatigue during the performance of activities of daily 
living and may exhibit responses different from 
those observed when fatiguing activities are imposed 
exclusively on the more distal muscles of the lower 
body. Therefore, the aim of the present study was 
to analyze the effect of muscle fatigue induced by 
resistance training on the knee extensor muscles 
as well as the stabilometric responses of young 
individuals in the single-leg stance.

Method
A total of 11 young males (23.1±2.7 years old; 

1.79±0.07 m; 75.6±8.0 Kg; and 23.3±3.71 Kg.m–2) 
participated in the study. The volunteers were 
acquainted with resistance training, which they 
performed on a regular basis at least twice per week 
(number of days/week: 3.36±1.12) over 3 to 5 months 
prior to the beginning of the study. The volunteers had 
no history of lower limb injuries, surgery, or fractures 
and were not using any medications that could 
compromise the findings of the study. In addition, 
individuals with heart or respiratory problems, 
vestibular or visual dysfunction, or physical 
impairment, as well as users of medications that 
interfere with the state of wakefulness and balance 
(and could therefore interfere with the performance 
of tests), were excluded. The exclusion criteria were 
applied following interviews conducted with the 
volunteers; therefore, their potential unawareness of 
any of the abovementioned conditions was ruled out. 
All volunteers agreed to participate in the study and 
signed an informed consent form approved by the 
Ethics Committee of the State University of Londrina 
(Universidade Estadual de Londrina  –  UEL), 
Londrina, State of Paraná-PR, Brazil (ruling 94,191, 
CAAE [Certificado de Apresentação para Apreciação 
Ética / Certificate of Presentation for Ethical 
Consideration] 02986012.3.0000.5231).

The volunteers were instructed to not perform 
moderate or intense physical activity 24 hours before 
the period of data collection and avoid the ingestion of 
alcoholic beverages and medications liable to affect 
balance. The sample included only males because the 
genders have been shown to differ with regard to the 
ability to reach and tolerate fatigue22,23.

The volunteers attended an initial experimental 
session, in which anthropometric parameters were 
measured (body mass and height). Then, they were 
subjected to a one-repetition maximum (1RM) 
test24,25, following the protocols formulated by the 
American College of Sports Medicine (ACSM)26. 
This test was used to establish the maximum 
load that could be moved/lifted in a single full 
repetition of the knee extension motion performed 
on a leg flexion-extension machine (Naka-Gym, 
Fit, Brazil). The maximum load was established by 
maximum attempts based on a value estimated by 
the experimenters. The load was gradually increased 
by 5 Kg per attempt, until the moment when the 
volunteers were no longer able to perform the full 
knee extension motion. A 3-minute rest interval 
was established between attempts. During the entire 
performance of the test, the volunteers remained in 
the sitting position, with their knees on the distal end 
of the machine and their back leaning against the 
chair. Lateral hand grips were used to stabilize the 
trunk and avoid accessory motions. Before the 1RM 
test, the volunteers performed a specific sequence of 
warming up exercises on the leg extension machine, 
which included 3 series of 10-12 repetitions without 
overload separated by 90-second intervals for 
recovery.

The second experimental session was scheduled 1 
week later. At this time, the volunteers returned to the 
laboratory and were subjected to a stabilometric test, 
which was performed before and after the application 
of a protocol for lower limb exercise designed to 
induce fatigue. The fatiguing protocol comprised 
knee extension motions with a load equivalent to 
60% of the 1RM, and the volunteers were instructed 
to perform the motion with a frequency of 0.133-Hz 
(8 beats per minute [bpm]), which was controlled 
using a metronome (Orange, Digital Korg, USA). 
The fatiguing protocol was ended when the volunteers 
became no longer able to maintain the indicated 
frequency over 2 consecutive or 3 alternate beats or 
perform the maximum range of the indicated motion.

The stabilometric test was performed with 
the volunteers standing on the dominant limb for 
60 seconds on a force plate (FootWork, AM3, France), 
which was placed next to the flexion-extension 
machine to limit the resting time to the bare minimum 
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(approximately 5 seconds) between the fatiguing 
exercise and the stabilometric test. During the test, 
the volunteers were requested to extend the stance 
leg and maintain the contralateral hip and knee flexed 
at 45° and 90°, respectively. Their upper limbs were 
allowed to hang along the body, and the trunk was 
kept upright. The volunteers were instructed to stare 
fixedly at a dot (with a 0.07-m diameter) placed 
1 m in front of them at eye level. The force plate 
comprised a rigid base covered by 2.704 capacitive 
pressure sensors with a size of 7.62×7.62  mm. 
The equipment included a 16-bit analog-to-digital 
(A/D) converter, and a sampling frequency of 
100 Hz was used in the tests. The force plate was 
connected to a microcomputer, and the data were 
analyzed using the FootWork software (Arkipelago, 
version 2.9.9.0; the method for data treatment 
relative to the balance variables was developed 
together with the AM3 company, in France). A set 
of stabilometric parameters was established based 
on the filtered data, and the following variables 
were measured using the software: CoP oscillation 
amplitude on the mediolateral and anteroposterior 
planes; displacement area; and (anteroposterior and 
mediolateral) root-mean-square velocity.

The Shapiro-Wilk test confirmed the normality of 
the data, and the repeated-measure t-test was used to 
establish the effect of the fatiguing protocol on the 
stabilometric parameters. These tests were performed 
using the statistical package Statistica 7.0, with 
p<0.05 as the significance level.

Results
The load lifted by the volunteers in the 1RM 

test was 124.5±22.1 Kg. The CoP oscillation on 
the mediolateral plane before and after fatigue 
induction was 2.89±0.89 mm and 4.09±0.59 mm, 
respectively, and this difference was significant 
(p=0.04). The CoP mean velocity on the mediolateral 
plane did not change after fatigue induction (p>0.05; 
before=6.21±2.36 mm.s–1; after=6.35±2.26 mm.s–1) 
and was also not different when measured on the 
anteroposterior plane (p>0.32; before=3.9±0.9 
mm.s–1; after=4.64±1.42 mm.s–1). In contrast, 
analysis of CoP oscillation on the anteroposterior 
plane revealed a significant influence of fatigue 
(p<0.05; before=2.5±2.2 mm; after=4.09±2.26 mm). 
The total CoP area exhibited an increasing trend 
following fatigue induction (before=135.0±29.62 
mm2; after=151.72±16.69 mm2), although this 
increase was not statistically significant (p=0.08). 
The CoP root-mean-square speed did not demonstrate 

changes following application of the fatiguing 
protocol (p=0.78; before=7.43±2.22 mm.s–1; 
after=7.96±2.24 mm.s–1).

Discussion
The present study sought to investigate the 

influence of fatigue of the knee extensor muscles 
on postural control in healthy individuals, with the 
hypothesis that fatigue would have acute effects 
on postural control. These particular muscles were 
selected because they play an important role in 
the performance of motions required for both the 
activities of daily living and the practice of sports27. 
Our results showed that, indeed, fatigue exerted an 
influence on the somatosensory system and altered 
certain stabilometric parameters. As the remainder 
of the components of the control system (visual and 
vestibular) were not subjected to direct manipulation 
and were left unaltered, the changes identified in 
the present study were mostly attributed to the 
somatosensory system.

Muscle fatigue is defined as the transient inability 
to generate force or reduction of the production 
of force needed to perform a given task28. The 
mechanisms underlying the alterations in balance 
and joint position in localized muscle fatigue have not 
yet been elucidated but most likely include afferent 
and efferent components involved in the processes 
required to maintain functional stability and effective 
motor control29.

The influence of fatigue on balance was found 
to occur independently from the CoP displacement 
plane (i.e., anteroposterior or mediolateral). One 
explanation to account for the decreased ability 
to maintain body stability may be afforded by the 
reduction of the muscle capacity to generate fast 
and precise responses fit to generate the continuous 
adjustments of the CoP needed to maintain a 
stable posture. As a consequence, fatigue may have 
interfered with the muscle capacity to generate the 
torque required to control the oscillatory motions 
of the center of body mass30,31. Although the 
maintenance of posture demands a low joint torque, 
the slower speed of torque generation during the state 
of fatigue seems to play an important role.

The changes exhibited by the stabilometric 
parameters after fatigue induction indicated 
dependence of the sustained postural control on 
efferent mechanisms during the state of static balance, 
and similar findings have been reported by other 
authors, despite the use of different experimental 
methods. For example, Carter  et  al.32 identified a 
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strong influence of the force generating capacity of 
knee extensors in elderly women (65-75 years old) 
on their performance in functional tests involving the 
control of static and dynamic balance. Additionally, 
Johnston  et  al.11 detected the influence of lower 
limb fatigue in tests demanding the maintenance of 
balance during single-leg and double-leg stance. Both 
sets of findings11,32 highlight the effects of fatigue on 
postural control and also seem to indicate that such 
changes depend on afferent and efferent mechanisms, 
a contribution that deserves more thorough attention. 
Moreover, a previous study involving the induction 
of fatigue by means of isometric and isokinetic 
exercises21 found a similar reduction in postural 
control for the CoP variables, which suggests that the 
reduction of the postural control induced by fatigue 
is independent from the type of muscle contraction 
involved. Thus, the poorer performance in postural 
control following fatigue induction may be associated 
with proprioceptive deficits capable of impairing the 
ability to maintain balance and increasing the risk of 
falls and/or injuries.

The influence of fatigue on postural control was 
investigated by Yaggie and Armstrong7, who observed 
greater CoP displacement amplitude in static balance, 
which lasted until approximately 10 minutes after the 
end of the fatiguing protocol. This increase in CoP 
oscillation may also be due to the increased joint 
rigidity caused by the co-contraction of the agonist/
antagonist pairs33 that characterizes muscle fatigue. 
Together with the loss of their ability to control the 
CoP, the volunteers utilized a strategy involving the 
reduction of the displacement velocity. Thus, one 
may adduce that such strategies were used to improve 
body control by increasing the rigidity of the system, 
which oscillated more slowly and over a larger area, 
as an attempt to reduce the CoP displacement and the 
unbalance on the anteroposterior and mediolateral 
planes. The difficulty associated with controlling 
the motions that increase system rigidity increases 
together with fatigue, and this may be associated 
with the greater oscillations exhibited by the CoP34.

A previous study investigated muscle fatigue 
affecting the ankle, knee, and hip joints as well as 
the abdominal muscles on the control of dynamic 
balance35, and the results showed that fatigue of 
the knee and hip joint muscles was associated with 
less balance reduction compared to other groups of 
muscles. In addition, Miller and Bird35 observed that 
fatigue of the lower limb proximal muscles exerted 
a stronger impact on balance as compared to fatigue 
of the distal muscles. Additionally, the results of the 
present study revealed a strong effect of fatigue on 

the ability to maintain static balance. Thus, fatigue 
of the knee extensor muscles is sufficient to promote 
significant changes in postural control.

In addition to its effect on the contractile tissues, 
the literature indicates that fatigue may also influence 
the afferent system and reduce the sensitivity of a set 
of peripheral mechanoreceptors located in muscles, 
ligament, tendon, and capsular structures36. Fatigue 
may also affect the function of such mechanoreceptors, 
through which late responses are transmitted to the 
higher brain centers, thus delaying the elaboration of a 
quick response for controlling oscillations of the body 
center of mass. Indeed, according to some studies, the 
proprioceptive function is altered under the state of 
fatigue, which in turn alters responsiveness by means 
of efferent impulses towards structures involved in 
the generation or stabilization of the body segments37, 
thereby interfering with postural control31. Therefore, 
such mechanisms most likely influence postural 
control, increase the latency of the muscle response, 
and impair the precision of the continuous adjustment 
of the CoP, which is required for the postural control 
system. Furthermore, it should be noted that although 
protocols investigating postural control using force 
plates are considered to be one of the most precise 
methods to identify changes in balance34,38, they 
may not be able to detect discrete differences39. The 
changes observed in the present study cannot be 
classified as discrete, but rather reflect significant 
differences relative to the response to muscle fatigue.

Conclusion
The present study identified a significant effect of 

fatigue on postural control, namely increased CoP 
oscillation with regard to stabilometry parameters, 
which can be understood as an increase in the 
neuromuscular response to overcome the instability 
generated by fatigue. Therefore, assessments of 
postural control should not be attempted following 
the performance of physical activity or exercise. 
In addition, the risk of falls and/or injury is most 
likely greater when the proprioceptive information 
is reduced and/or altered.
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