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The effect of a light finger touch on the signal complexity
during quiet standing
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The purpose of the study was to investigate the influence of additional tactile information (light fingertip touch) on the postural sway
and regularity of center-of-pressure (COP) fluctuations. Thirty-two young, healthy participants performed a quiet standing task (30 s) on
a force platform with and without light fingertip touch. COP time-series were analyzed using standard postural sway measures (range,
root mean square error, velocity), COP regularity was measured with Sample entropy. Participants demonstrated significantly smaller
postural sway with a light touch, but only in the anteroposterior direction. The amount of sway with additional tactile information in the
sagittal plane reached the level of sway in the frontal plane without this information. Similarly, COP fluctuations were more irregular
during light touch condition only in the anteroposterior direction, as evidenced by significantly higher Sample entropy. Furthermore,
COP regularity decreased in the sagittal plane and reached level in the frontal plane without light touch. These results suggest that pos-
tural sway is mostly controlled in the sagittal plane and that in the mediolateral direction the control is mostly automated. In conclusion,
our results support the notion that the light touch provides additional information which enhances postural stabilization. Our results
expand the relation between COP regularity and the attention invested in posture in the touch domain and prove that light touch, as an
attentional demanding task, leads to increased COP irregularity. Nonlinear measures of signal regularity (i.e., SampEn) provide surplus
insight into human postural control and can be used as an additional useful tool to traditional balance measures.
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each other and to the environment, they also inform

about contact with external material objects [32].
Numerous studies exploring dual-task paradigm

1. Introduction

Maintaining an upright standing posture is a com-
plex task that involves various sensory and motor
components [5]. Naturally, human body is in constant
motion during standing and the central nervous sys-
tem uses different sources of information to attenuate
this postural sway [19].

The key sensory inputs come from visual, ves-
tibular and somatosensory stimuli [6], [19]. The so-
matosensory system particularly uses proprioceptive,
pressure and touch sensors, which provide feedback
about the position of body segments in relation to

have confirmed that balance control requires a cer-
tain amount of attention [33]. Even tasks considered
as “automated” require some attentional resources
[31]. The stimulus-response reaction times, which
evaluate attentional involvement, have been reported
in previous papers to increase with postural task dif-
ficulty [13], [14], [29], aging [13] or inferior postural
skills [29], [31]. It was also proven that the amount
of attention required for controlling posture depends
on the availability of the sensory information [28],
[30], [33].
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In the literature, it is well known that the light
touch of the index fingertip to a rigid surface reduces
the magnitude of postural sway [1], [9], [11], [17], it
is also said that the effect of direction stabilization is
related to the touch position [11], [16], [21]. Addi-
tionally, numerous papers reported significant influ-
ence of the light touch on the sagittal plane during
side-by-side quiet standing (while standing comforta-
bly with feet positioned naturally or approximately
shoulder-width apart), whereas the frontal plane was
not analyzed, reported or no significant influence on
postural sway was observed [5], [9], [16], [17], [21].

According to the sensory hypothesis proposed by
Jeka and Lackner [11], additional information given
from tactile and other sensory receptors provide feed-
back concerning position of the hand and arm in the
space. It is acting as an additional spatial point of ref-
erence for postural stabilization during quiet standing
[1], [5], [30]. It has been also shown that use of a light
touch as a source of sensory information leads to an
increase in reaction time for an auditory stimuli during
quiet standing, which suggests that the process is at-
tentionally demanding [30].

In the last decade, the use of nonlinear dynamics in
conjunction with traditional balance measures helped to
understand the neuromuscular status of the person’s
postural control and offers additional insights into the
balance control strategies [10], [18], [20]. The hy-
pothesis proposed in the literature says that the dy-
namical structure of the center of pressure (COP) (ex-
pressed by Sample entropy level) is positively related
to the amount of attention involved in the control of the
upright posture [2], [23], [24], [27]. Previous reports
state that COP time-series regularity during standing
were increased in stroke patients, compared to healthy
participants, and it was decreasing instantaneously
during the execution of a cognitive dual task as well
as in the course of patients’ rehabilitation [23]. A less
complex signal was also reported for other somatosen-
sory deficiencies [3]. For healthy participants, divert
attention from posture by doing a cognitive dual task
[4], [8], [27] or drawing attention to the external focus
increased the level of irregularity [2], [20]. In contrast,
the increased difficulty of the postural task through
the adoption of a more demanding posture or the sup-
pression of vision (internal focus) has led to an in-
crease in the regularity of the COP [8], [24], [27].
Moreover, Donker et al. [8] reported that the increase
in cognitive involvement in postural control induced
by visual deprivation resulted in an increase in signal
regularity only in the sagittal plane. Also Roerding et al.
[23] showed that, in healthy older adults, regularity of
the COP signal was higher in the anteroposterior di-

rection. Hence, the authors concluded that posture in
healthy subjects is mainly controlled in the sagittal
plane [8].

In the present study, we sought to extend these
findings to the touch domain and evaluate the influ-
ence of the additional tactile information on the level
of the COP irregularity. As the results of the influence
of the light touch on the postural control are often
reported only in one direction, we have extended our
analysis to both directions. Given the above, we hy-
pothesized that additional tactile information leads to
a decrease in the amount of sway in the anteroposterior
direction without influencing the mediolateral direc-
tion. We also hypothesized that the additional somato-
sensory information provided by cutaneous receptors
(light touch) leads to withdrawal of attention from the
body posture, thereby leading to an increase in COP
irregularity. Furthermore, we hypothesized that regu-
larity during quiet standing is greater in the antero-
posterior direction.

2. Materials and methods

2.1. Participants

Thirty-two healthy students (17 women, 15 men;
age: 22 £ 2 years (mean + SD), body weight: 71 + 14 kg,
height: 175 £ 9 cm) from Academy of Physical Edu-
cation in Katowice participated in this study. They
were naive about the subject of the study. They gave
their written and informed consent to the experimental
process required by the Declaration of Helsinki and
the local ethics committee. None of them had any cur-
rent or previous medical history of muscular, skeletal or
neural disorders that could influence the results. All
participants were right-handed with normal or cor-
rected-to-normal vision. The limb dominance was
declared by the participants and was consistent with
the hand they used for writing.

2.2. Apparatus and data analysis

All measurements were done with the use of a force
platform (AMTI AccuGait, MA, USA). The anterior—
posterior (AP) and mediolateral (ML) center of pres-
sure (COP) fluctuations were recorded at 100 Hz
sampling frequency. The raw COP data were filtered
with a 4th, low-pass Butterworth filter, a cut-off fre-
quency of 7 Hz using the MATLAB r2017b software
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(Mathworks Inc., Natick, MA, USA), and four ampli-
tude variables were examined: area [cm’], range [cm],
root mean square error [cm], mean velocity [cm/s]. For
the regularity analysis, the Sample entropy was used
and, according to the recommendations, the COP signal
was not filtered [18], [20], [26]. The lower level of
Sample entropy express higher regularity of the time-
series. To optimize the choice of template vector [m]
and tolerance level [r] the minimization of the
maximum entropy relative error method was adopted
[15]. For the present study, m = 2 and » = 0.05 x SD
were used.

2.3. Procedures

Participants stood barefoot on the force platform
with their big toes touching the line marked on the plat-
form, feet were parallel, positioned at shoulder width.
Participants were asked to stand still as possible in two
conditions, with additional tactile information (light
touch — LT) and without light touch (NoLT). In each
condition, participants were asked to fixate their gaze
on a point located 3 m away at their eyes level. In the
light touch condition (Fig. 1), participants were in-
structed to maintain their elbow flexed approximately

Fig. 1. Experimental setup

at 90°, wrist in the neutral position and the index fin-
gertip of a dominant hand in contact with the rigid sur-
face attached to the tripod placed on the narrow support
area, in such way that it would overturn if too much
force were applied. Similar solution was adopted pre-
viously [5], [22]. The height of the tripod was ad-
justed to keep the participant’s elbow flexed at ap-
proximately 90 degrees while touching the plate with
index fingertip [5]. The non-dominant arm hung pas-
sively along their side. To create most natural condi-
tions for controlling upright posture, during no light
touch condition, participants stood with their arms
along the sides of the body. A similar approach was
implemented previously [5]. Three trials lasting 30 s
were conducted in each condition, the conditions were
randomized for each subject.

2.4. Statistical analysis

Descriptive statistics are given as mean + SD
(normally distributed data) or as median (lower quar-
tile-upper quartile) for non-normally distributed data.
The time course of average changes in amplitude
variables during the two occasions was analyzed
using a paired #test or a Wilcoxon signed-rank test. An
o-level of p < 0.05 was accepted as statistically sig-
nificant. To compare the influence of the plane and
condition on the regularity level and amplitude pa-
rameters, a Wilcoxon signed-rank test or paired #-test
with Bonferonni correction for multiply comparisons
was applied (p < 0.016). Statistica software package
(TIBCO Software, Inc., USA) version 13.1 for Win-
dows was used for all statistical procedures. The stan-
dardized mean difference effect size for within-subjects
designs were calculated (Cohen’s d.). Effect sizes
were as follow: small (d = 0.2), medium (d = 0.5) and
large (d =0.8) [7].

3. Results

When standing with no light touch, the COP
sway area was 2.196 + 1.501 cm’. The sway area
reduced to 1.223 £ 1.061 cm® when the participants
applied light touch to a stationary object. The differ-
ence between conditions was statistically significant
(Z=13.96, p <0.001).

Similarly sway range (¢ = 4.43, p < 0.001), move-
ment variability expressed by root mean square error
(t = 441, p < 0.001) and COP velocity (¢ = 3.19,
p < 0.01) decreased significantly in the anteroposterior
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direction, with medium to large effect, in the light
touch condition when compared to NoLT. In the medio-
lateral direction, amplitude parameters did not change

significantly between LT and NoLT (Table 1). During
NoLT condition, the sway range, movement variability
and COP velocity differed significantly between planes,

Table 1. Comparison of the postural sway parameters in the anteroposterior (AP) and mediolateral (ML) directions
during quiet standing without (NoLT) and with additional light touch (LT)

Variable Direction NoLT LT P Effect
size
2.25
£aCOP AP (0.79) 1.49 (0.63) <0.001 0.79
[em] 1372
ML (0.594) 1.210 (0.488) 0.07 0.33
AP versus ML »<0.001 p=0.002
0.47
<
rmseCOP AP (0.182) 0.291 (0.146) 0.001 0.78
[em] 0.251
ML 0.117) 0.225 (0.098) 0.12 0.28
AP versus ML »<0.001 p=0.008
0.673
VCOP AP (0.191) 0.552 (0.195) 0.013 0.57
[cm/s] 0.500
ML (0.213) 0.457 (0.185) 0.17 0.25
AP versus ML »<0.001 »<0.001
Area 2.196 (1.501) 1.223 (1.061)
[cm?] 1.57 (2.18) 0.93 (0.89) <0.001 0.63
1,0
B Ve
* - LT
09 *
08 t —
E 0,7
5
&
o
[=3
éa% 06 |
0,5
04
0,3 I |
ML AP
Plane

Fig. 2. The mean sample entropy during quiet standing with (LT) and without light touch (NoLT) in the anterior-posterior (AP)
and medial-lateral (ML) directions. The error bars represent 95% confidence intervals of the mean; *p <0.016
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all these variables were higher in the anteroposterior
direction (accordingly: ¢t = 7.77, d, = 1.36, p < 0.001;
t=17.09, d. =125, p <0.001; t = 6.87, p < 0.001,
d, = 1.21). Similar differences were seen in the light
touch condition (accordingly: ¢ = 3.37, p = 0.002,
d. =0.59; t =285, p=20.008, d. =05, t =430,
p < 0.001, d. = 0.76), however the effect size was
smaller.

The structure of the COP signal in the anteroposte-
rior direction becomes more irregular in the light
touch condition (Z = 6.38, p < 0.001) compared to
quiet standing with no light touch, the effect size was
large (d. = 0.79). In the mediolateral direction the level
of regularity did not change significantly (Z = 1.62,
p = 0.11, d, = 0.26). During quiet standing condition
as well for the light touch condition, the irregularity
level was significantly higher for the mediolateral
direction (accordingly NolT: Z = 7.13, p < 0.001 LT:
Z =259, p =0.009) compared to anteroposterior di-
rection, however, in the latter condition, the differ-
ence was much lower and the effect size was small
(d, = 0.29). Furthermore, the irregularity in the AP
direction increased significantly in the light touch condi-
tion and reached the level of the irregularity in the ML
direction without light touch. The conditions did not
differ significantly (Z=0.81, p = 0.41, d,= 0.09).

The results are shown as the mean (SD) and me-
dian (IRQ); Wilcoxon signed-rank test or paired #-test
with Bonferonni correction for multiply comparisons
was applied (p < 0.016). The standardized mean dif-
ference effect size for within-subjects designs were
calculated (Cohen’s d.), small (d = 0.2), medium
(d =0.5), and large (d = 0.8).

4. Discussion

The goal of this study was to evaluate the influ-
ence of the additional tactile information (light fin-
gertip touch) on the amount of sway and regularity of
the COP signal in a group of healthy young adults dur-
ing quiet standing task. Numerous studies concerning
the influence of haptic cues on postural control during
standing revealed that this additional source of infor-
mation is useful in stabilizing posture. This effect is
independent of age, vision condition or testing posture
[1], [5], [6], [16], [25], but it is said to be related to the
standing orientation [16]. Our results revealed that
during side-by-side stance with additional touch infor-
mation, participants substantially decreased the amount
of sway in the anteroposterior direction, what was
fully in line with our expectations and results obtained

by previous authors [5], [6], [16], [17]. There are some
discrepancies in the literature when it comes to the
influence of the light touch on the mediolateral postural
sway during side-by-side quiet standing. Some authors
did not report results in frontal plane [17], [21], others
decided not to analyze parameters in this plane [9],
[16], another ones reported no significant effects in
mediolateral direction [5] and the next ones described
significant improvement of postural sway in both
directions [17]. In the current experiment, participants
revealed no significant influence of light touch on
postural sway in the mediolateral direction in ampli-
tude parameters. Our results are in line with those
reported by Chen et al. [S]. In contrast, Lee et al. [17]
reported decreased excursion with additional tactile
information in ml direction, whereas, similarly to our
results, velocity remained unchanged. The explanation
for this discrepancy is that Lee at al. [17] reported
values of excursion which were simply mean values
of COP time series, while we evaluated range and
variability (rms) of the COP. Furthermore, the
authors did not report constant feet position on the
platform, thus, it is unknown to what extent the re-
ported changes are the result of additional feedback
(light touch) or different feet position on the platform
in subsequent measurements.

Consistently with previous results [8], [23], [32],
during quiet standing, participants showed greater pos-
tural sway range, variability and movement velocity in
the anterioposterior direction compared to mediolat-
eral direction. Similarly, during the light touch condi-
tion, participants showed a greater amount of sway in
the sagittal plane, however, these differences were
smaller (smaller effect size) than without tactile in-
formation. Furthermore, with additional tactile infor-
mation, the amount of sway in the sagittal plane de-
creased, so that it reached level of sway in the frontal
plane without additional feedback. From the mechani-
cal perspective, in the frontal plane, due to fewer de-
grees of freedom in closed kinetic chain, it is easier
for the system to control center of gravity position
than in open kinetic chain with more degrees of free-
dom in the sagittal plane. It suggests that in healthy
adults, in side-by-side position, postural sway must be
more controlled in the sagittal plane. The previous
authors reported similar findings [8], [23].

The similar situation could be observed for the ir-
regularity of the COP signal, which is said to express
the level of “automatization” and/or attention devoted
to posture [8], [23], [24]. The irregularity in the
structure of the COP signal can be higher when the
motor system is less constrained, when more compo-
nents can interact with each other during controlling
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balance, it is often associated with higher efficiency
and automaticity. Conversely, more attention devoted
to postural control leads to decreased irregularity of
the COP structure (lower SampEn) because move-
ments become more constrained as a fewer compo-
nents of the system can work together [4], [12], [20].
In the current experiment, during quiet standing, the
SampEn was significantly higher in the mediolateral
direction compared to anteroposterior direction, sug-
gesting that participants in the frontal plane exhibited
more automated behavior and/or devoted less atten-
tion to control posture. Vuillerme et al. [30] revealed
that using tactile cues as a source of information to
enhance postural control is processed which requires
a certain amount of attention. Thus, we hypothesized
that standing with additional cutaneous information
diverts attention from posture, thereby bringing more
irregular COP signal. That was indeed true, however,
only in the sagittal plane thus our hypothesis was par-
tially confirmed. The COP fluctuations in the frontal
plane remained unaltered in the light touch condition.
It suggests that in young, healthy adults during side-
-by-side standing postural control in this direction
does not need much attention. Similar findings were
reported by previous authors [8], [23]. Donker et al.
[8] reported that increasing cognitive involvement in
postural control induced by visual deprivation led to
increased signal regularity only in the sagittal plane. It
is interesting that, in the current experiment, during
light touch condition the level of the COP regularity
decreased in the sagittal plane and reached level in the
frontal plane without LT. This again suggests that
postural sway is mostly controlled in the sagittal plane
and, according to the hypothesis proposed by Ro-
erding et al. [23], that in the mediolateral direction the
control is mostly automated. Control in frontal plane
could not be more enhanced by LT adopted in the
current study. Our results supported the notion that
diverting attention from posture can modify postural
control and lead to an increased irregularity of the
COP signal [8], [12], [20].

5. Conclusions

There are some limitations in the current study.
We evaluated only one light touch position, thus, we
cannot state if different position of the upper limb
(e.g., placed in a frontal plane) would not influence
the mediolateral direction in side-by-side position.
Also, as the current study evaluated only three trials
in the light touch condition it is unknown how the

stimuli would affect the system during repetitive meas-
urements (i.e., in the learning or habituation process).
Another limitation is that we did not evaluate the in-
fluence of light touch in the visual deprivation condi-
tions. Thus, it is unknown whether similar results would
be obtained when standing with eyes closed. Future
studies are needed to assess possible effects of adap-
tation of the system to the additional tactile informa-
tion as well as to evaluate the simultaneous influence
of light touch and visual deprivation.

In conclusion, our results support the notion that
the light fingertip touch provides additional informa-
tion which enhances postural stabilization. Also, it leads
to increased COP irregularity in the sagittal plane with-
out influence on the frontal plane in healthy young
adults. Nonlinear measures of signal regularity (i.e.,
SampEn) provides surplus insight into the human
postural control and can be used as an additional use-
ful tool to traditional balance measures.
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