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Influence of the ground surface texture  
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Abstract

Background: One of the factors ensuring proper human func-
tioning is the efficiency and control of the postural balance. The 
proper functioning of the vagus, the visual and vestibular systems, 
and proprioceptive receptors is achieved by appropriate and pre-
cise coordination of their work by the cerebellum. Constant con-
tact with a surface while standing leads to information for the body 
orientation in space. Textured ground surfaces can be used as a 
very good tool for functional training and stimulation of the balan-
ce system.

Aims: This study aimed to evaluate the effect of different ground 
surface textures on the body balance of young subjects during na-
tural position with eyes closed.

Material and methods: A total of 12 college students between the 
ages of 20 and 25 participated in the study. The subject was stan-
ding on a posturographic platform, compatible with a computer 
and suitable software. Four closed-eye trials were conducted on 
four different grounds: hard, fine mesh, coarse mesh, and tabbed 
pad. The duration of each measurement was 20 seconds.

Results: There was a ground-plane interaction for three COP para-
meters: fractal dimension, entropy, and frequency. Their values in-
creased only in the frontal plane on mesh ground, with the greater 
increase for coarse mesh.

Conclusion: The nature of the contact surface between the foot 
and the shoe insert influences the stability of the standing posture 
and depends on the shape, number and size of the contact points.
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Introduction

The ability to maintain body balance is crucial for 
its psychomotor development, basic activities in 
daily life, physical activities, and the rehabilita-
tion process. Therefore, one of the very impor-
tant factors ensuring the proper functioning of 
humans is the efficiency and effectiveness of 
the balance control system. Postural balance is 
when the body maintains an upright posture and 
proper body orientation in space by balancing the 
forces acting on the body [1,2]. 
Maintaining body balance depends on the proper 
functioning of the postural control system, who-
se role is to maintain the centre of gravity (COG) 
in the sagittal and frontal planes within a field of 
support defined by the contours of the feet. A si-
gnificant role in postural control is played by the 
coordination and processing of incoming infor-
mation from the visual and vestibular system and 
the proprioceptors of muscles, tendons, joint ca-
psules, and skin. The proper functioning of the 
vagus, the visual and vestibular systems, and the 
proprioceptors is ensured by the precise coordi-
nation of the cerebellum. The sense of balance is 
located in the membranous labyrinth of the inner 
ear. The ability to maintain body equilibrium oc-
curs automatically and is controlled by the spinal 
cord, brainstem, and cortical areas of the brain [3,4].
Factors that may cause balance disorders inclu-
de the influence of some motor activity, misali-
gnment of the foot, unexpected auditory, motor, 
or sensory stimuli, or the type of ground surface. 
However, balance problems may not always in-
dicate a pathology [4]. For example, in a relaxed 
standing position, the body deviates from the 
vertical, which is taken as an indication of con-
stant activity and dynamics of the balance system 
[5]. These unnoticeable movements are primarily 
based on the sensorimotor information received 
from the plantar surface of the foot [6]. Constant 
contact during standing position with the surfa-
ce leads to the acquisition of information aimed 
at the orientation in space [7,8]. In response to 
the acquired somatosensory information, plantar 

muscles are activated, initiating a corrected po-
stural response [9]. 
The most objective methods for assessing the 
functioning of the balance system are posturo-
graphic tests using a platform with a computer 
system. Then, the analysis of postural control ta-
kes place in a standing position and is subjected 
to analysis and measures of the COG displace-
ments [5]. In many experiments, researchers have 
observed that textured surfaces can be used as a 
very good tool for functional and gait training for 
improving the functioning of the balance system.

Aims

This study aimed to evaluate the effect of dif-
ferent ground surface textures on the body ba-
lance of young subjects during a natural position 
with the eyes closed. Based on the literature, two 
assumptions were made: (1) COP measurement is 
an adequate method to assess body balance, and 
(2) the possible effect of ground texture on body 
balance depends on the geometry of direct foot 
contact with the ground.

Material and methods

The study was conducted in November 2019 at 
the University School of Physical Education in 
Wroclaw, Poland. A total of 12 students between 
the ages of 20 and 25 participated in the study. 
There were five females and seven males in this 
group. The students who participated in the stu-
dy were given detailed information about the 
study and gave written consent. Subjects who did 
not have any neurological conditions or diseases 
related to the musculoskeletal and cardiovascu-
lar systems were eligible for the study. Athletes 
were excluded from the study. The detailed cha-
racteristics of study subjects are presented in ta-
bles 1 and 2.



66

Physiotherapy Review  |  Volume XXV Issue 4/2021

Sex Women Men

Age [years] N=5 N=7

20 0 2

21 0 1

22 0 1

23 1 1

24 4 1

25 0 1

Table 1. The number of the students studied.

Mean SD Min Median Max

Total 69.5 14.3 46 74.5 89

Total 175.6 11.5 154 178 190

Table 2. Bodyweight and height of the students studied.

The research subject assumed a regular, relaxed, 
and habitual standing position with upper limbs 
and the torso on a posturographic platform com-
patible with a computer and suitable software 
(Fig. 1). Subjects were standing barefoot on the 
device, and both feet were positioned according 
to a designated template placed on the plat-
form. Four trials were performed with eyes clo-

sed, during which the COG displacements were 
recorded using the software. The first measure-
ment was performed standing with both feet on 
the platform in a natural position (Fig. 2), the se-
cond in a standing position on a fine mesh (Fig. 3), 
the next on a coarse mesh (Fig. 4), and the last on 
a tabbed pad (Fig. 5). 

Figure 1. Posturographic platform. Figure 2. Double-leg standing position 
on the platform with eyes closed.
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Figure 3. Double-leg standing position on a platform 
with fine mesh.

Figure 4. Double-leg standing position on a platform 
with coarse mesh.

Figure 5. Double-leg standing position on a platform 
with tabs.

Before the test, the subject made postural correc-
tions to keep the cursor within a centrally placed 
stationary square. The duration of each measu-
rement was 20 seconds. The order of testing was 
randomized. All trials were conducted between 
9:00 a.m. and 1:00 p.m., with adequate daylight 
and calm conditions. Body height and weight 
were also measured, and BMI was calculated from 
these measurements.
All tested dependent variables describing the 
properties of the balance system showed normal 
distribution. Therefore, analysis of variance with 
the repeated ANOVA (4 x 2) was applied for four 
different types of ground surfaces and both pla-
nes simultaneously. When significant differen-
ces were found, Fisher's NIR post-hoc tests were 
performed comparing the results on the experi-
mental grounds with the results obtained under 
natural conditions. For individual comparisons, 
Cohen's effect size was calculated using stan-
dard values of 0.2 as the limit for a small effect, 
0.5 for a medium effect and 0.8 for a large effect. 
Results are given graphically as mean ± 95% con-
fidence intervals. STATISTICA software was used 
to analyze the results. The significance level was 
considered for α<0.05.
To avoid uncertainty, the time series or centre of 
pressure (COP) signal is defined as the centre of 
pushing or, more specifically, as the point of ap-
plication of the resultant forces acting on the gro-
und, which are the result of the correction and 
stabilization reactions of a person standing on this 
ground (force platform). It is also worth explaining 
two calculated parameters of these series: fractal 
dimension and entropy of the COP.
The fractal dimension of the COP describes the 
complexity of this signal. A higher value corre-
sponds to greater complexity, which is equated 
in the literature with better adaptability to the 
environment and unexpected challenges to the 
balance system. This is usually combined with 
better use of sensory information and increased 
degrees of freedom involved in maintaining ba-
lance. This applies to both biomechanical and 
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sensorimotor degrees of freedom. On the other 
hand, smaller fractal dimension values indicate 
greater stability, but at the expense of the bene-
fits mentioned above. Thus, a certain compromi-
se between adaptability and stability occurs here. 
Therefore, only a thorough analysis of the sub-
ject's abilities combined with the degree of task 
difficulty allows for a reasonable interpretation.
The entropy of the COP describes the irregulari-
ty of this signal, with high entropy being a more 
irregular signal. More irregular COPs occur with 
less conscious attention and correspond to incre-
ased automaticity in balance regulation. Typically, 
high entropy of COP is observed in well-control-
led postural tasks and physically active individu-
als. One special case is dual tasks, i.e., combining 
a balance task with an additional task (either co-
gnitive or motor). This additional task requires at-
tention that is taken away from the postural task. 
As a result, the entropy of COP usually increases, 

accompanied, especially in young people, with a 
decrease in amplitude. Reduced entropy of COP 
is often recorded in individuals with balance defi-
cits. This indicates a need for greater attentional 
involvement to ensure adequate stability, i.e., a 
decrease in the automaticity of balance regula-
tion in these individuals.

Results

For the amplitude of COP, the main plane effect 
was observed: F(1,11)=73.46 (p<0.0001), indicating 
significantly greater body sway amplitude in the 
sagittal plane. There was no main effect of the 
ground or ground-plane interaction (Fig. 6).
For the velocity of COP, the main plane effect was 
noted: F(1,11)=32.877 (p=0.00013). Mean velocity 
COP was significantly higher in the sagittal plane 
than in the frontal plane. There was no main ef-
fect of ground or ground-plane interaction (Fig. 7).

Figure 6. Relationship between the ground surface and amplitude of COP in the sagittal (1) and frontal (2) planes 
considering ground texture: neutral (1), fine mesh (2), coarse mesh (3), and tabbed pad (4).
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However, there was a ground-plane interaction for the fractal dimension: F(3, 33)=4.197, (p=0.013). A post-
-hoc test indicated an increase in fractal dimension in the frontal plane between the first neutral ground 
and the third on the coarse mesh (p<0.0007) and the second on the fine mesh (p<0.03) (Fig. 8).

Figure 7. Relationship between the ground surface and velocity of COP in the sagittal (1) and frontal (2) planes consi-
dering ground texture: neutral (1), fine mesh (2), coarse mesh (3), and tabbed pad (4).

Figure 8. Relationship between the ground surface and fractal dimension of COP in the sagittal (1) and frontal (2) 
planes considering ground texture: neutral (1), fine mesh (2), coarse mesh (3), and tabbed pad (4).
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Figure 9. Relationship between the ground surface and entropy of COP in the sagittal (1) and frontal (2) planes consi-
dering ground texture: neutral (1), fine mesh (2), coarse mesh (3), and tabbed pad (4).

Figure 10. The relationship between the ground and the frequency of COP in the sagittal (1) and frontal (2) planes 
considering ground texture: neutral (1), fine mesh (2), coarse mesh (3), and tabbed pad (4).

For the entropy of COP, there was a ground-plane interaction: F(3, 33)=5.672 (p=0.003). A post-hoc test 
indicated an increase in entropy between standing on hard ground and standing on a coarse mesh 
(p<0.0001) (Fig. 9).

For the mean frequency of COP, a ground-plane interaction also emerged: F(3, 33)=3.596, (p=0.0236). The 
post-hoc test indicated, as before, changes in the frequency of COP only in the frontal plane. There was an in-
crease in the frequency of COP on coarse mesh (p=0.0043) and fine mesh (p=0.0360) ground surfaces (Fig. 10). 
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Table 3 shows Cohen's effect size values for compa-
risons of COP parameters that showed significant 
differences between the hard ground and the expe-
rimental substrates used in this study. The effect si-

zes allow for a better assessment of the significance 
of the observed differences from a practical or cli-
nical perspective. 

Fine mesh / Hard ground Coarse mesh / Hard ground

Fractal dimension 0.38 0.79

Entropy 0.28 0.65

Frequency 0.53 0.70

Table 3. Cohen's effect size for selected comparisons of COP parameters in the frontal plane.

Discussion

This study aimed to evaluate the influence of dif-
ferent ground surface textures on the body balan-
ce of young people standing in a natural position 
with eyes closed. The most important of the re-
sults obtained is a ground-plane interaction for 
the three COP parameters, proving their increase 
only in the frontal plane. No changes were noted 
in the sagittal plane. In particular, there was an 
increase in the fractal dimension, which may in-
dicate better adaptability of the balance system 
to the surrounding external environment. An in-
crease in entropy was also observed, and as a re-
sult, an increase in automaticity and efficiency of 
balance regulation, which is characteristic of po-
stural control with less involvement of attention 
and participation of consciousness. Therefore, 
the balance system optimizes its performance. An 
increase in mean frequency was also observed, 
which may have implications for the mechanisms 
responsible for automatic postural control. All 
of the observed changes occurred on the mesh-
-textured grounds, with the effect size for the 
coarse mesh being medium (close to large), while 
the effect size for the fine mesh was lower (be-
tween small and medium). The tabbed ground did 
not affect the balance to any significant degree.
The results obtained in our study are consistent 
with the analysis of the study by Qiu et al. [10], 
during which it was observed that standing on 

the textured surface of a shoe insert could reduce 
medial-lateral postural sway in healthy older adu-
lts. It should be noted that textured inserts incre-
ased balance control only in older adults; never-
theless, the number of subjects studied was small.
Noteworthy are the results obtained from another 
study by Qiu et al. [12], during which it was shown 
that standing position with eyes closed on a 
textured surface ground has a positive effect on 
the anterior-posterior COP displacements. The-
se findings may suggest that textured insoles may 
lead to the activation of mechanoreceptors on the 
plantar surface of the foot and feedback to the 
central nervous system and represent an impro-
vement in the postural control system [11,12].
The opposite results were obtained by Hatton et 
al. [13], who showed no significant effect of textu-
red inserts during measurements with the eyes 
open and closed on the studied parameters in 
both the sagittal and frontal planes. The discre-
pancy in these results may be due to differences 
regarding the subjects' numbers and age differen-
ces. The balance regulation system may show si-
gnificant deficits. It should also be noted that the 
different results may be due to the various imple-
mentation of the experimental interventions un-
der different conditions, with the use of textured 
ground surfaces, but also the use of shoe inserts.
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Some previous studies have shown that textured 
ground surfaces or insoles do not improve body 
balance. This may be due to the characteristics of 
the type of ground or orthotics used, more spe-
cifically the material from which they are made, 
the geometric pattern and other characteristics 
such as height and width [14]. In addition, many 
other factors can also affect body balance, such 
as genetic conditions, psychological problems, 
external environment, postural defects, and low 
physical activity and sedentary lifestyle.  
An analysis of our findings and those of other re-
searchers indicates that most of the findings rela-
te specifically to experiments in which inserts or 
textured surfaces were applied for the first time. 
It is unknown whether a familiarization period is 
required, how long it can take, and whether habi-
tuation to texture stimuli can significantly affect 
the postural control system.
Nevertheless, most studies provide evidence that 
improved information stimulating mechanore-
ceptors can positively affect the balance system 
function. It is believed that human postural control 
is modulated based on the integration of soma-
tosensory data, including vision, deep sensation, 
and vestibular system coupling [15,16]. Therefore, 
the presented results can provide a strategy for 
physiotherapeutic management and support fu-
ture research regarding the effectiveness of va-
rious types of ground on maintaining balance in 
patients with postural control disorders.
A limitation of the present study may be the relati-
vely small number of subjects. Thus, it is necessa-
ry to continue the study in a larger experimental 
group towards detecting possible and potential 
effects after regular and prolonged contact with 
a variety of ground textures. In addition, it is im-
portant to note that this study was conducted in 
a group of young and healthy individuals, so these 
results cannot be fully used to inform the impro-
vement of balance ability in an older population 
with a higher risk of falls [16].

In summary, textured surfaces may be a feasi-
ble alternative, being an easily accessible and 
inexpensive way to improve balance performan-
ce. Further studies are needed to identify the 
most suitable inserts. The comfort and efficacy 
of different surface textures in supporting senso-
rimotor function need to be studied with a large 
and homogeneous group over a considerably lon-
ger period, including several months [12].

Conclusion

There was an increase in fractal dimension, en-
tropy, and frequency of COP displacement in the 
frontal plane while standing on a coarse and fine 
mesh with the eyes closed. Activation of mecha-
noreceptors located in the plantar surface of the 
foot plays a crucial role in postural control, and 
closing the eyes enforces the balance control sys-
tem to process much more proprioceptive infor-
mation. In the frontal plane, the most important 
influence on the balance of young people during 
a natural position with the eyes closed is exerted 
by the ground with its coarse mesh.
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