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Abstract

Introduction: Postural control is a complex system that combines many subcomponents. The central nervous syste-
m’s connection with the muscular system allows to execute the voluntary movements and provides appropriate tonus and 
contractions of postural muscles. The aim of this study was to assess the effect of voluntary muscle contraction on the 
stability of standing posture.

Material and methods: Seventeen young adults (24.11 ± 3.05 years) completed 4 bipedal standing attempts lasting 
20 seconds each. Measurements were performed on AMTI plate and involved maintaining balance while standing bare-
foot on both feet with eyes open and closed. Two additional tests with provoked isometric voluntary muscle contraction 
were performed under the same visual conditions.

Results: For examined healthy subjects, the lack of visual feedback in combination with increased muscle tension 
caused a significant increase (p < 0.05) in the peak of sway in the anterior-posterior (AP) and medio-lateral (ML) direc-
tion. On the other hand, the values of the center of pressure (CoP) path length and its velocity due to the increased muscle 
contraction did not significantly decrease their values for trials with eyes open and closed.

Conclusions: This study indicates that voluntary muscle contraction can influence the standing posture mainly in 
combination with a lack of visual feedback, causing its deterioration.
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Introduction 

Postural control is a complex and multifactorial 
mechanism [1,2]. It includes many components: mo-
vement and sensory strategies, orientation in space, 
control of dynamics, cognitive processing, and biome-
chanical constraints [3]. The impairment of one mentio-
ned above component leads to postural instability and 

to the activation of the compensation mechanism [4]. 
These situations may arise during muscle injuries and 
neurological diseases [5]. One group of muscles has to 
do more work to take the strain off and compensate for 
weakness or ineffective contractions of other muscles 
group [6]. Additionally, simple factors such as time of 
a day [7], global and local fatigue [8], age [9], BMI 
and others [10] may affect postural stability. Thus, its 
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assessment is challenging because a lot of external and 
internal components need to be evaluated to explore, 
which of them is responsible for possible instability [3]. 
To find the reason for instability, researchers manipu-
lating different factors like the support area (bipedal or 
unipedal standing) [11-13], type of surface (hard, so-
ft-foams or unstable) [14], visual conditions (with or 
without feedback) [11]. The convenient evaluation and 
verification of postural control are crucial from the phy-
siotherapy point of view. The acquired knowledge can 
ensure the implementation of appropriate rehabilitation 
or treatment [3]. 

A small number of studies have focused on asses-
sing the effect of muscle tone on postural stability. The 
researchers focused more on strategies and sequences 
during perturbed and unperturbed standing, such as 
Blenkinsop, Pain [15]. Others describing stages of bo-
dy balance regulation, separately for anterior-posterior 
and medio-lateral direction [16]. There are also studies 
assessing the effect of muscle strengthening on postu-
ral stability after performing core exercises, Pilates or 
Tai-Chi [17–19]. By contrast, Ivanenko and Gurfinkel 
[20] in their study emphasize the meaningfulness of the 
investigation postural tone on postural stability. The po-
stural tone is usually associated with antigravity sup-
port, represents the activation of muscles to afford an 
explicit postural attitude. The body posture in different 
humans is actuated both by the individual morphology 
and unique low muscle activity, which can be signifi-
cantly affected by diseases [20]. This phenomenon is 
less known and much less studied [21,22]. Benjuya, 
Melzer [23] examined the elderly and young, and com-
pared their muscle activity using EMG signals. The 
participants had trials on a narrow and wide base of 
support, with and without visual control. In the elder-
ly group, the activation of muscles was larger, than in 
younger, regardless of the base of support. The major 
differences have been found in soleus and tibialis mu-
scles. The hamstrings were also more used in the ol-
der group rather than younger. The authors suggested 
that it was probably due to needed hip stabilization. 
The conclusion was, that the elderly increased their 
sense of stability by maintaining the co-contractions. 
There were low soleus and tibialis anterior EMG ra-
tio. They do not use cutaneous and proprioceptive in-
formation to replace vision, but the increased muscle 
co-contractions. Cenciarini, Loughlin [25] emphasized 
that increased muscle co-contraction is a compensatory 
balance response. It is observed in older adults. Gene-
rally, it is assumed that the elderly enhance stability by 
increasing joint stiffness. The results of Tassani, Fon-
t-Llagunes’s work [24] based on the young group, can 
infer and explain, that increased muscle co-contraction 
in the elderly, with a potential fall risk, decreased their 

stability. . It is worth mentioning that this strategy leads 
to increasing energy costs, stress and stiffness, and it is 
associated with impaired postural control [25,26]. That 
phenomenon appears also in Parkinson’s disease [27]. 
Moreover, it should be noted the increased muscular 
co-contraction could be related to mental stress or pa-
thological conditions. Mental or physical stress brings 
inability and difficulties to relax, leads to increased mu-
scular tension mainly of trapezius muscles, pelvic flo-
or muscles, shoulder girdle muscles and gluteus [28]. 
Consequently, it affects the overload of the locomotor 
system and low-back pain [9]. In addition, in certain 
diseases (depression, general anxiety disorder, schizo-
phrenia), where there is a high level of anxiety or stress 
as well as increased muscles tension, the parameters of 
postural control may deteriorate [29,30]. 

Taking into account the above-mentioned reports, it 
is important to examine whether in young people deli-
berate change of muscular tension will significantly af-
fect the parameters describing stability. The aim of this 
study was to investigate the effect of voluntary muscle 
contraction on postural stability during standing with 
and without visual feedback in healthy adults.

Material and methods

Seventeen young adults (9 women and 8 men) par-
ticipated in this study. Their mean age was 24.11 ± 3.05 
years, body mass 70.76 ± 16.06 kg and height 
174.82 ± 8.63 cm. No participants declared any senso-
ry impairment, physical injury, or increased physical 
or mental stress that hindered the performance of the 
balance task. In addition, all participants reported prac-
ticing physical activity, at least twice per week. Before 
the measurement, the participants were informed about 
the procedures used and the possibility of withdrawing 
from the experiment at any moment. The study protocol 
was conducted according to the ethical principles of the 
Declaration of Helsinki and was approved by the insti-
tution’s ethics committee (SEK 01-09/2020).

Center of pressure (CoP) trajectories were measured 
using the AMTI AccuSway force platform (Advanced 
Mechanical Technology Inc., USA) at a sampling ra-
te of 100Hz. Study participants underwent four trials 
in the following order: standing barefoot on both feet 
with eyes open (eo) and with eyes closed (ec). Ano-
ther two attempts (eot, ect) involved standing in the 
previous visual conditions with controlled muscle con-
traction. Each trial took 30 seconds with a 5 minutes 
break. Each test was recorded once for each participant 
to reduce the potential effects of learning and fatigue. 
The last two attempts were aimed at creating a situation 
in which the subject had to tense the core muscles as 
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much as possible without articular movement. Involved 
muscle groups contained: quadriceps femoris, gluteus 
and abdominal muscles. Additionally, subjects were 
asked to pull shoulder blades down means retraction of 
shoulders and the hands were extended. During visual 
feedback trials, the subjects looked at a point located on 
the wall at a distance of 1.5 m from the measuring sta-
tion, which was in their line of sight. From the Balance 
Clinic program, which supports the AMTI platform, it 
is possible to export 35 parameters. The twelve para-
meters that are the most often analysed in this type of 
works were selected for the analysis. These included: 
(1) maximum and minimum displacement from the 
average of the data in anterior-posterior (Y) and medio-
lateral (X) direction (X, YMax; X, YMin); (2) the CoP 
path length for the duration of the trial (PathLength); 
(3) the average velocity (VAvg); (4) the area of the 95th 
percentile ellipse (Area95). 

Statistical analysis
Statistical analyses were performed using PQStat 

v.1.8.2 (PQStat Software, Poznań, Poland), with the 
significant p-value set at 0.05. All coefficients were 
tested for normal distribution, using the Shapiro-Wilk 
test. Next, the Friedman test is a nonparametric version 
of repeated measures ANOVA and post-hoc Dunn test 
with Bonferroni correction was applied to examine dif-
ferences between the trials for all coefficients.

Results

Most of the analysed parameters had different di-
stributions than normal. The Friedman test results sho-
wed the existence of statistically significant differences 
between the analysed trials for the following parame-
ters: (1) XMax: F (3, N = 68) = 14.01; p = 0.0028; (2) 
XMin: F (3, N = 68) = 15.42; p = 0.0014; (3) YMax: 

F (3, N = 68) = 15.56; p = 0.0013; (4) YMin: F (3, N = 68) 
= 17.40; p = 0.0005; (5) Area95: F (3, N = 68) = 16.17; 
p = 0.0011. After conducting the post-hoc Dunn test 
with Bonferroni correction, it was shown that signi-
ficantly lower values of following parameters: XMax 
(p = 0.0033), YMax (p = 0.00585), Area95 (p = 0.0005) 
were recorded for trials with open eyes (eo) compared 
to those generated during trials with eyes closed and 
with increased muscle contraction (ect) (Tab. 1). Howe-
ver, for two parameters (XMax and YMax), additional 
significant differences were noted. Significantly lower 
values of XMax (p = 0.0316) were recorded for the ec 
trial compared to those obtained during ect. For YMax 
significantly (p = 0.0053) lower values were recorded 
for the eo test compared to those obtained during the 
ec. For the parameters, XMin (p = 0.0316) and YMin 
(p = 0.0053) significantly higher values were recorded 
for the test eo compared to those obtained during the 
test ect (Tab. 1).

The Friedman test results showed exhibited no sta-
tistically significant differences between trials for Path 
Length: F (3, N = 68) = 0.45, p = 0.9278 and for avera-
ge CoP velocity: F (3, N = 68) = 0.45; p = 0.9278. The 
highest mean value of both parameters was recorded for 
ec and the lowest for eot trials (Tab. 1). It is worth no-
ting that for both parameters, the appearance of incre-
ased muscle contraction resulted in a decrease in their 
values.

Discussion

The aim of this study was to investigate the effect of 
voluntary muscular contraction on postural stability du-
ring standing with and without visual feedback in heal-
thy adults. It was proved that muscular contraction can 
negatively affect the standing posture mainly in com-
bination with a lack of visual feedback. This statement 

Tab. 1. The mean and standard deviation of analysed parameters

Parameter eo eot ec ect
XMax (cm)*# 0.45 ± 0.18 0.68 ± 0.37 0.54 ± 0.29 0.71 ± 0.21
YMax (cm)*^ 1.09 ± 0.55 1.18 ± 0.35 1.53 ± 0.48 1.4 ± 0.26
Area95 (cm2)* 1.47 ± 1.34 1.87 ± 0.84 2 ± 1.76 2.59 ± 1.11
XMin (cm)* –0.46 ± 0.18 –0.7 ±0.32 –0.57 ± 0.29 –0.73 ± 0.28
YMin (cm)* –1.06 ± 0.45 –1.19 ± 0.52 –1.42 ± 0.6 –1.59 ± 0.4
Path Length (cm) 142.89 ± 53.95 134.64 ± 56.29 147.43 ± 77.74 136.26 ± 52.33
VAvg (cm/s) 4.76 ± 1.8 4.49 ± 1.88 4.91 ± 2.59 4.54 ± 1.74

* – statistically significant differences between the trials eo and ect, # – statistically significant differences between the trials ec and ect, 
^ – statistically significant differences between the trials eo and ec, p < 0.05.
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was confirmed by significantly higher values of ma-
ximum and minimum displacement from the average 
of the data in anterior-posterior (Y) and medio-lateral 
(X) direction and the value area of the 95th percentile 
ellipse (Area95) obtained during ect trial compared to 
these recorded for the trial with eyes open. The same 
results were obtained by Tassani, Font-Llagunes [24]. 
Tassani, Font-Llagunes [24] investigated how the incre-
ased muscle tension and relaxation effect influence po-
stural control during eyes open and closed conditions. 
They found that muscle tension significantly reduced 
the stability of subjects while relaxed states increased 
stability in absence of sight what suggested that relaxa-
tion improves proprioception. Coco, Fiore [7] assessed 
stress exposure and postural control in young females. 
They demonstrated a strong correlation between the 
perceived stress scale (PSS) and total mood disturbance 
(TMD) scores, as well as the levels of salivary cortisol 
and the mean value of Area95 measured during stan-
ding positions with eyes closed. Moreover, Coco, Bu-
scemi [8] conducted a similar study on a group of men 
and they proved that parameter Area95 significantly in-
creased when eyes were closed and the level of stress 
was high. The same results were obtained in our study. 
Thus, along with a lack of visual feedback and an incre-
ase in muscle contraction, postural stability is reduced.

It is worth emphasizing that reactions in a human 
posture like freezing and stiffening behaviors with 
increased muscular tonus are associated with threat-
related situations [31]. Carpenter, Frank [32] proved 
that humans adopted that type of strategy when they 
stood under high threat conditions. In this group, the 
ankle muscle stiffness increased during standing at 
a height, which was confirmed by increased co-contrac-
tion of lower leg muscles. This also caused decreased 
center of mass (CoM) displacements. Kaminishi, Chiba 
[33] investigated the effect of tonus on the change in 
postural control strategy using musculoskeletal simula-
tion. It was demonstrated that decreased muscle tonus 
has an impact on the difference in strategy shift (an-
kle or hip). The authors proved that when the posture 
becomes unstable as the magnitude of tonus decreases 
a hip strategy. When muscle tonus was large enough the 
strategy was closer to ankle shift, regardless of muscle 
weakness. Moreover, Alonso, Van der Elst [34] showed 
that anterior-posterior sway is related to the ankle stra-
tegy, and medio-lateral is related to the hip strategy. Ta-
king into account such mechanisms, it can be seen that 
during the ect test, the XMin and XMax values were 
the highest, which would suggest the dominance of the 
hip strategy associated with increased pelvic girdle mu-
scle tone. However, the highest values of YMax in the 
ec test and YMin in the ect test show that with the vi-
sual control turned off, the ankle muscles assumed the 

main role of the stabilizers. This theory is confirmed 
by the stages of body balance regulation presented by 
Michalak, Przekoracka-Krawczyk [16]. In the case of 
anterior-posterior direction regulation, there is stage 1 
in which modulation of Achilles tendon contraction ap-
pears. In the case of medio-lateral regulation (stage 2) 
change of hip muscle tension is include.

Conclusions

Healthy and young people who have one control 
input (vison) taken can maintain a given level of stabi-
lity. Only the addition of increased muscular activity re-
sulted in a deterioration of stability. Therefore, we can 
conclude that the ability to relax and contract muscles 
intentionally is very relevant in controlling balance. 
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