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epochs. For the fast reactive response epoch, light touch 
induced smaller amplitude of CoP displacement across 
conditions, and lower CoP maximum velocity in the condi-
tion combining no vision and rigid surface. These results 
showed that light touch modulates postural responses in all 
epochs associated with an unanticipated mechanical pertur-
bation, with a more noticeable effect in conditions manipu-
lating sensory information relevant for balance control.

Keywords Haptic information · Somesthetic afference · 
Balance · Postural control · Postural perturbation

Introduction

Light fingertip contact with a stable surface has been shown 
to decrease postural sway during quiet stance (Holden 
et al. 1994; Jeka and Lackner 1994, 1995; Jeka et al. 1997; 
Lackner et al. 2001; Krishnamoorthy et al. 2002; Baccini 
et al. 2007; Albertsen et al. 2012; Kanekar et al. 2013). 
This effect has been explained by the proposition that by 
touching a stable surface with a fingertip, highly sensi-
tive cutaneous receptors on the hands’ skin provide the 
postural control system with increased sensory informa-
tion about body sway (Holden et al. 1994; Jeka and Lack-
ner 1994). Consistent with this proposition, it has been 
shown that light touch stabilizes upright balance in a more 
noticeable way in conditions of disrupted/distorted sensory 
information. Increased power of light touch in conditions 
of reduced sensory information has been found for quiet 
stance control under visual occlusion (Jeka and Lackner 
1994; Baccini et al. 2007; Sozzi et al. 2012), and in condi-
tions of reduced feet soles afference either from peripheral 
neuropathy or by standing on a malleable surface (Dick-
stein et al. 2001). In addition, Dickstein et al. (2001) found 
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that direction shift of the touch forces preceded those of the 
feet soles center of pressured (CoP), suggesting that finger-
tip afference assumes the main role in the somatosensory 
system for controlling body sway in quiet stance (see also 
Jeka and Lackner 1994; Clapp and Wing 1999). Based on 
findings of quiet stance stabilization from light touch, a 
question of interest is the extent to which additional sen-
sory information to the fingertip associated with body sway 
is able to improve also reactive postural responses to unan-
ticipated perturbations of stable upright posture. It might 
be conceived that increased sensory information about fast 
body oscillation is able to lead the control system to gener-
ate earlier and more effective reactive responses to postural 
perturbations, favoring reacquisition of stance stability.

The potential benefit of light touching a stable sur-
face to postural reactive responses was originally investi-
gated by perturbing stance through backward translation 
of a supporting platform at different velocities (Dickstein 
et al. 2003). Results revealed that light touch of a static 
bar neither led to shorter muscular response latencies nor 
clearly decreased CoP displacement in comparison with the 
absence of fingertip touch. Results showed a trend toward 
reduced initial velocity of CoP displacement in the condi-
tion of light touch at the lowest platform translation veloc-
ity, but that effect was not observed at higher velocities. In 
a further investigation, perturbation to upright stance was 
induced by unexpectedly pulling forward one of the partici-
pants’ arm while light touch was made through contact of 
the participants’ shoulder with a stable surface (Johannsen 
et al. 2007). Results showed that touch of the stable sur-
face failed to improve postural responses following stance 
perturbation in comparison with no touch. The method 
employed by Johannsen et al. (2007), however, prevented a 
clear interpretation of their results. Low sensitivity of cuta-
neous receptors on the shoulder’s skin, in comparison with 
fingertip skin receptors, might have attenuated extra sen-
sory information about a fast and large-scale body oscilla-
tion provoked by stance perturbation. Additionally, the long 
window period used for the analysis following the postural 
perturbation (1,000 ms) probably included the stance stabi-
lization phase following the critical period of acute postural 
responses to revert forward body oscillation. Therefore, 
research conducted thus far does not offer a clear conclu-
sion about the effect of light touch of a static surface on 
recovering postural stability following an unanticipated 
stance perturbation.

In the present study, we evaluated the effect of finger-
tip light touch of a static bar on the generation of postural 
responses to an unanticipated stance perturbation leading 
to a fast forward body oscillation. We analyzed different 
epochs related to the perturbation, ranging from the period 
immediately before perturbation till the restabilization of 
quiet stance. The effect of light touch was evaluated in a 

condition of full sensory information and compared with 
conditions of deprivation or distortion of other sources 
of afference used regularly for adjustments of postural 
control, namely vision and pressure on the feet soles. We 
hypothesized that fingertip light touch improves reactive 
postural responses in a more pronounced way in conditions 
of reduced/distorted afference from vision and feet soles. 
As light touch of a stable contact surface has been shown 
to reduce the magnitude of background muscular activa-
tion in quiet stance control (Jeka and Lackner 1995; Sozzi 
et al. 2012), and in response to small and slow rotation of 
the standing support surface (Franzen et al. 2011), an addi-
tional point of interest was to evaluate whether light touch 
induces reduced muscular activation also in reactive pos-
tural responses.

Methods

Participants

Participants were physically active university students, 
four women and eight men, age range of 19–32 years 
(M = 23.4 years, SE = 1.16). The inclusion criteria were 
the absence of neurological, sensorial or musculoskeletal 
diseases at the time of the experiment, which might affect 
postural control, as self-declared. All participants pro-
vided informed consent, and experimental procedures were 
approved by a local university ethics committee, in accord-
ance with the ethical standards established in the Declara-
tion of Helsinki.

Tasks and apparatus

In the initial task position, participants stood on a force 
plate (AMTI OR6-6, with an internal analog low-pass fil-
ter having a cutoff frequency of 100 Hz) while resisting a 
load of approximately 7 % of their body weight pulling the 
trunk backward at the lumbar–sacral region. To provoke the 
perturbation, the load was unexpectedly released, causing a 
forward body sway. The load release system was custom-
built, as described in the following. Participants wore a 
harness (20 cm wide) on their trunk with an electromag-
netic system embedded in its posterior side. A steel cable 
tied to a magnet was connected to the harness through the 
electromagnetic system. That cable went through a pulley 
attached to a height-adjustable support. At the distal end of 
the cable, the load was hung to pull the participant’s trunk 
backward (Fig. 1). During the time of load application, par-
ticipants were required to maintain legs and trunk aligned, 
leaning slightly forward to find a comfortable and stable 
equilibrium position, with the feet in full contact with the 
force plate. A remote switch was used to release the load at 
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a time unanticipated by the participant. Following the load 
release, the participant’s body suffered a fast forward oscil-
lation, requiring reactive responses mainly through the acti-
vation of posterior postural muscles.

Postural responses to the load release were obtained 
with the participant either touching a stable rigid bar with 
their right hand’s index fingertip or in the absence of bar 
touch. The touch bar was placed laterally and ahead of par-
ticipant’s position, and it was rigidly attached to a vertical 
force1 transducer. The output of the transducer was fed to a 
signal conditioner (Transtec NA310, Brazil) that low-pass-
filtered the signal with a 20-Hz cutoff frequency. To main-
tain contact of the fingertip with the touch bar, the right 
upper arm was kept parallel to the trunk, while the elbow 
was kept bent at approximately 135°, and shoulder abduc-
tion was approximately 30° in relative internal angles; the 
left arm was maintained relaxed and parallel to the trunk. 
As a criterion for the light touch condition, the vertical 
force applied to the bar through the fingertip during the 
response to load release should not be higher than 1 N. For 
the no touch condition, the touch bar was removed, while 
the arms’ positions were kept the same as described for the 
touch condition. Force plate and transducer records were 
synchronized through a Vicon® system, while electromyo-
graphic data (EMG) was obtained through bipolar Ag–Ag/
Cl electrodes attached to the right leg’s gastrocnemius 
medialis (GM) muscle (EMG System®). The band-pass 

1 Given the magnitude of CoP oscillation induced by load release, 
the vertical force component of the finger contact is assumed to char-
acterize more appropriately the touch as being light rather than serv-
ing as a mechanical support.

analog filters of the EMG equipment responded from 20 to 
400 Hz. Reactive postural responses were performed under 
either full vision or no vision. An additional variation of the 
task was responding to the postural perturbation standing 
either on a rigid or on a malleable surface. The rigid sup-
port surface consisted of standing directly on the force 
plate. For the malleable surface, an 8-cm-thick 
45 × 45 × 9 cm (sides × thickness) viscoelastic piece of 
foam (Tempur Soft D3110) was placed upon the platform 
surface. The malleable surface was used to distort proprio-
ceptive and tactile information from the feet soles.2

Experimental design and procedures

Evaluation of postural responses to load release was made 
as a function of the following factors: (1) touch, light touch 
versus no touch; (2) vision, vision versus no vision; and (3) 
support surface, rigid versus malleable. The height of the 
touch bar was individually adjusted so that contact could 
be maintained without trunk leaning. For trials performed 
under vision, participants were asked to gaze at a 10-cm-
diameter spot as the visual target, presented on a monitor 
screen approximately 2 m away in front of them, at eyes’ 
height. For the no vision condition, participants had both 
eyes completely covered by a blindfold, keeping orienta-
tion of the head as if gazing at the visual target. The tasks 
were performed barefoot, keeping the feet parallel shoulder 
width apart. Feet positions were marked with adhesive tape 
to maintain the same position throughout the experiment. 
A research assistant stood near the participant to assist in 
cases of critical losses of balance.

Experiment was initiated by offering one familiariza-
tion trial with light fingertip touch and another one with-
out touch, both of them under full vision. For the former, 
participants were informed about the upper force limit 
that could be applied on the bar. During the familiariza-
tion trial, online visual feedback was provided through 
a monitor screen positioned in front of the participant, 
showing the vertical force exerted on the bar. After being 
acquainted with the general experimental procedures, 
participants received an extra familiarization trial on the 
specific condition immediately preceding a block of test 
trials, without visual feedback. During the test trials, fin-
gertip vertical forces were monitored online by the experi-
menter only. One of the researchers visually monitored the 
participant’s posture before load release. Performance at 
each condition given by the combination of touch, vision, 
and support surface was assessed through three trials 

2 In addition to distortion of cutaneous input from the feet soles, a 
malleable support surface increases compliance to forces applied 
through the feet to recover a stable upright stance following load 
release.

Fig. 1  Schematic representation of the experimental setup for the 
light touch condition, showing the participant’s trunk being pulled 
backward by the load while lightly touching a stable rigid bar. Bal-
ance perturbation was generated by unexpectedly releasing the load
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performed sequentially, with intertrial rest intervals of 30 s. 
The sequence of experimental conditions was pseudoran-
domized across participants, with the constraint of using 
a single sequence of evaluation for each participant. Par-
ticipants remained in upright stance during rest intervals of 
1 min intercalated between blocks of trials. Following every 
three blocks, a longer interval of 5 min of rest was pro-
vided, during which the participants were seated. Criteria 
of trial acceptance were keeping the feet at the pre-estab-
lished positions and exertion of fingertip force no higher 
than 1 N before and following the load release. Rejected 
trials were canceled out and immediately repeated.

Electrodes for surface electromyography were attached 
2 cm apart, according to the SENIAM recommendations 
(http://www.seniam.org/). Electromyogram (EMG) signals 
were amplified with a gain of 1,000. Sampling frequency 
was set at 1,000 Hz for EMG and 200 Hz for force plate 
and force transducer signals.

Analysis

Responses to postural perturbation were assessed as a func-
tion of anteroposterior CoP sway and muscular activation 
in four epochs associated with time of perturbation: (1) 
Pre-perturbation, in the period of 200 ms preceding the 
load release while the participant’s trunk was kept pulled 
backward by the load. (2) Fast reactive response, in the 
period immediately following load release; this epoch is 
initiated at load release and finishes at the time of peak CoP 
displacement. (3) Restabilization of balance, in the period 
of 1,000 ms following the first valley of CoP displacement. 
(4) Follow-up quiet stance, in the period of 2,500–3,000 ms 
following the load release. The epochs selected for analysis 
are indicated by the shaded areas in Fig. 2, with the time of 
load release indicated by the continuous vertical line sepa-
rating the epochs 1 and 2. This figure depicts representative 
signals of the fingertip vertical force on the bar (a), ampli-
tude (b) and velocity (c) of CoP displacement, and the GM 
muscle activation (d).

The following variables were analyzed for the fast reac-
tive response epoch: (1) latency of CoP displacement onset, 
estimated by the time interval between load release and the 
onset of CoP displacement, having as criterion two stand-
ard deviations above the values in the pre-perturbation 
epoch; (2) amplitude of CoP displacement, quantified as 
the difference between the maximum anterior displace-
ment following load release and the mean anteroposterior 
position in the pre-perturbation epoch; (3) time to maxi-
mum CoP displacement, measured from the time of load 
release; (4) maximum CoP velocity; (5) amplitude of CoP 
displacement at the times of the following CoP landmarks: 
peak acceleration, peak velocity, and peak deceleration; 
(6) latency of the GM muscle activation onset, having as 

criterion the value of two standard deviations above the val-
ues in the pre-perturbation epoch; and (7) magnitude of the 
GM muscle activation, estimated by the root mean square 

Fig. 2  Representative recordings of a single trial in the condition 
of light touch, full vision, and rigid surface, showing variation of 
the vertical force applied on the static bar (a), displacement (b) and 
velocity (c) of the center of pressure, and activation of the gastroc-
nemius medialis muscle (d) following the load release indicated by 
the continuous vertical line. The four epochs are represented by the 
shaded areas: pre-perturbation (1), fast response (2), restabilization 
(3), and follow-up quiet stance (4)

http://www.seniam.org/
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(RMS) of EMG in the interval of 75 ms following muscu-
lar activation onset. To evaluate the effect of light touch on 
postural responses before and after the period immediately 
following load release, we analyzed RMS for CoP anter-
oposterior sway and for EMG of the GM muscle activation 
for the following epochs: pre-perturbation, balance resta-
bilization, and follow-up quiet stance. Electromyographic 
values were normalized by the respective maximum mus-
cular activation across experimental conditions separately 
for each epoch of analysis. In addition, the normalized 
cross-correlation (Kohn 2006) was computed between the 
vertical force applied to the touch bar and the CoP signal 
in an interval encompassing 200 ms before the perturbation 
and 1,000 ms after it. The value of a peak in the cross-cor-
relation at a given delay indicates the correlation coefficient 
between the samples of the two signals at the specific delay 
value at which the peak occurs. It gives an estimate of the 
degree of linear association between the two signals, taking 
into account possible delays between them.

Data were extracted and processed automatically 
through MATLAB (Mathwoks®) routines following visual 
data inspection. The EMG was digitally band-pass-filtered 
between 20 and 400 Hz, and the CoP and force transducer 
signals were digitally low-pass-filtered with a fourth-order 
Butterworth filter with a cutoff frequency of 10 Hz. Sta-
tistical analysis was made through three-way 2 (touch: 
touch × no touch) × 2 (vision: vision × no vision) × 2 
(surface: rigid × malleable) ANOVAs with repeated meas-
ures on all factors. Significant differences (P ≤ .05) are 
reported, accompanied by the respective effect sizes given 
by the partial eta-squared (η2).

Results

Based on the criteria of trial acceptance, 10 % of the tri-
als were repeated. Most of the rejected trials took place in 
the condition of malleable surface under no vision (8 %). 
Visual data inspection preceding the analysis led to rejec-
tion of approximately 10 % of the data because of noisy 
EMG records at the moment of load release. As descriptive 
data of the level of light touch in the time period of 500 ms 

before load release, average vertical fingertip force values 
were .29 N (SE = .04).

Pre-perturbation

Analysis of muscular activation during the interval immedi-
ately preceding load release showed significant main effects 
of touch, F(1, 11) = 6.13, P = .03, η2 = .36, and surface, 
F(1, 11) = 7.54, P = .02, η2 = .41. Figure 3a shows that 
both light touch- (M = .58, SE = .05; no touch, M = .63, 
SE = .06) and the rigid surface (M = .53, SE = .05; mal-
leable, M = .68, SE = .05)-induced lower muscular activa-
tion before load release. Analysis of CoP sway in the same 
epoch (Fig. 3b) showed a significant touch by surface inter-
action, F(1, 11) = 6.11, P = .03, η2 = .36. Post hoc com-
parisons indicated that light touch induced significantly 
lower values for the malleable (touch M = .18, SE = .03; 
no touch M = .35, SE = .07) but not for the rigid (touch 
M = .23, SE = .05; no touch M = .27, SE = .06) surface.

Fast reactive response

Analysis of the intra-individual cross-correlation between 
the vertical force applied to the touch bar and the CoP sig-
nal showed peak correlation values about .8. In addition, 
the CoP displacement had a time lag about 180 ms with 
respect to the fingertip force. Figure 4a presents averages of 
the correlation time lags for each experimental condition, 
and Fig. 4b presents results for the cross-correlation peak 
values. No significant effects were found of either surface 
or vision for time lag and correlation, F values <1.2, P val-
ues >.3.

Results for magnitude of muscular activation (Fig. 5a) 
indicated significant main effects of touch, F(1, 10)3 = 
4.68, P = .05, η2 = .30, and surface, F(1, 10) = 12.83, 
P = .004, η2 = .54. Those effects were due to lower values 
for touch (M = .53, SE = .08) in comparison with no touch 

3 There was a failure in the recording of EMG data for one of the 
participants, leading to a decreased number of degrees of freedom in 
this analysis.

Fig. 3  Comparison of average 
RMS values (SE in vertical 
bars) for magnitude of activa-
tion of the GM muscle (normal-
ized, a), and for CoP sway (cm, 
b), comparing touch conditions 
in the pre-perturbation epoch as 
a function of vision availability 
and body support surface



1404 Exp Brain Res (2015) 233:1399–1408

1 3

(M = .59, SE = .08), and for the malleable (M = .40, 
SE = .08) in comparison with the rigid (M = .73, SE = .44) 
surface. Analysis of latency of muscular activation onset 
(Fig. 5b) showed no significant differences, M = 127.85 ms 
(SE = 6.58), F values <3.05, p values >.12.

Results for temporal landmarks of CoP displacement 
indicated no significant effects associated with touch. 
Latency of CoP displacement onset was 289.60 ms in aver-
age (SE = 6.36), without significant effects. Analysis of 
time to maximum CoP displacement indicated a signifi-
cant main effect of surface, F(1, 11) = 22.49, P = .001, 
η2 = .69, which was due to shorter displacement times for 
the rigid (M = 478.88 ms, SE = 16.61) than for the malle-
able (M = 531.38 ms, SE = 18.56) surface.

Analysis of maximum amplitude of CoP displacement 
(Fig. 5c) indicated significant main effects of touch, F(1, 
11) = 4.52, P = .05, η2 = .29, and vision, F(1, 11) = 8.20, 
P = .02, η2 = .43. The main effect of touch was due to 
lower values for touch (M = 13.56 cm, SE = .43) in com-
parison with no touch (M = 13.94 cm, SE = .44), while 

the main effect of vision was due to lower values for vision 
(M = 13.55 cm, SE = .44) in comparison with no vision 
(M = 13.95 cm, SE = .44). Analysis of maximum CoP 
velocity (Fig. 5d) showed a significant touch by surface 
by vision interaction, F(1, 11) = 5.28, P = .04, η2 = .32. 
Post hoc comparisons indicated that touch induced signifi-
cantly lower CoP velocities in comparison with no touch 
for the condition combining rigid surface and no vision, 
but no significant effect of touch was found for the other 
experimental conditions. Among the no touch conditions, 
rigid surface/no vision led to significantly higher velocities 
in comparison with all the other conditions; no significant 
differences were found between conditions associated with 
touch. In an attempt to identify the earliest sign of the ben-
efit of light touch to postural responses, amplitude of CoP 
displacement was also evaluated at the times of the follow-
ing CoP landmarks: peak acceleration, peak velocity, and 
peak deceleration. Although all averages were lower for 
the touch condition, results indicated no significant effects 
associated with touch (F values <4.2, P values >.07): peak 

Fig. 4  Mean time lag (a) and 
peak value (b) of cross-corre-
lation between CoP displace-
ment and fingertip vertical 
force contact as a function of 
vision availability and surface 
conditions

Fig. 5  Comparison of average 
values (SE in vertical bars) 
of magnitude of GM activa-
tion (RMS of the initial 75 ms, 
normalized, a) and latency 
(ms, b) of GM activation onset, 
and maximum amplitude (cm, 
c) and velocity (cm/s, d) of 
CoP displacement, compar-
ing the effect of light touch on 
responses to perturbation as a 
function of vision availability 
and body support surface
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acceleration, touch M = 1.55 cm (SE = .11) × no touch 
M = 1.59 cm (SE = .13); peak velocity, touch M = 6.80 cm 
(SE = .29) × no touch M = 7.02 cm (SE = .37); and peak 
deceleration, touch M = 10.90 cm (SE = .48) × no touch 
M = 11.19 cm (SE = .59).

Restabilization of balance

Analysis of muscular activation in the epoch of restabiliza-
tion of balance (Fig. 6a) indicated significant main effects 
of touch, F(1, 11) = 9.45, P = .04, η2 = .70, η2 = .93, and 
surface, F(1, 11) = 51.32, P = .002. The effect of touch 
was due to lower values for the touch (M = .56, SE = .09) 
in comparison with the no touch (M = .61, SE = .09) con-
dition, while the effect of surface was due to lower mus-
cular activation for the malleable (M = .34, SE = .06) in 
comparison with the rigid (M = .77, SE = .05) surface.

Analysis of CoP sway (Fig. 6b) indicated a significant 
surface by vision by touch interaction, F(1, 11) = 5.75, 
P = .04, η2 = .34. Post hoc comparisons indicated that 
light touch induced a lower CoP sway in comparison with 
no touch in the condition combining no vision and the mal-
leable surface. Additionally, no significant differences were 
found between conditions manipulating vision and surface 
for light touch, while no vision/malleable surface led to 
significantly higher values of CoP sway between the condi-
tions associated with no touch.

Follow-up quiet stance

Analysis of muscular activation in the epoch of follow-up 
quiet stance (Fig. 6c) indicated significant main effects of 
touch, F(1, 11) = 18.98, P = .02, η2 = .86, and surface 

F(1, 11) = 20.37, P = .02, η2 = .87. The effect of touch 
was due to lower values for the touch (M = .60, SE = .10) 
in comparison with the no touch (M = .62, SE = .10) con-
dition, while the effect of surface was due to lower mus-
cular activation for the malleable (M = .31, SE = .06) in 
comparison with the rigid (M = .84, SE = .05) surface.

Analysis of CoP sway (Fig. 6d) indicated a significant 
touch by surface by vision interaction, F(1, 11) = 4.58, 
P = .05, η2 = .29. Post hoc comparisons showed the same 
effect as for the previous epoch, with light touch in the con-
dition combining no vision and malleable surface inducing 
a lower CoP sway in comparison with no touch.

Discussion

The present experiment aimed to assess the effect of light 
fingertip touch of a static bar on recovery of balance sta-
bility following an unanticipated mechanical perturba-
tion. We evaluated the effect of light touch as a function of 
vision availability and malleability of the support surface, 
analyzing different epochs ranging from the pre-perturba-
tion period to recovery of a relatively stable quiet stance. 
Results showed that light touch induced lower magnitude 
of muscular activation in all epochs, but it did not induce 
early muscular responses. CoP displacement/sway was 
affected by the interaction of light touch with sensory 
information manipulation. For the periods associated with 
quiet stance, light touch led to decreased CoP sway in the 
malleable surface in the pre-perturbation epoch, and in the 
condition combining no vision and malleable surface in the 
balance restabilization and follow-up quiet stance epochs. 
For the fast reactive response epoch, light touch induced 

Fig. 6  Comparison of average 
RMS values (SE in vertical 
bars) for magnitude of GM 
activation (normalized, a, c) 
and CoP sway (cm, b, d) for the 
epochs of restabilization and 
follow-up quiet stance, respec-
tively. The effect of light touch 
on those epochs is represented 
as a function of vision availabil-
ity and body support surface. 
Subscripts r and q were used 
for GM and COP to indicate the 
restabilization (a, b) and follow-
up quiet stance (c, d) epochs, 
respectively
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smaller amplitudes of CoP displacement across conditions, 
and lower CoP maximum velocity in the condition combin-
ing no vision and rigid surface. These results showed that 
light touch modulates postural responses in all epochs asso-
ciated with an unanticipated mechanical perturbation, with 
a more noticeable effect in conditions manipulating sensory 
information relevant for balance control.

Stabilization of quiet upright stance through light touch 
has been theorized to be a consequence of the high sensi-
tivity of fingertip tactile receptors, signaling small-scale 
postural oscillations earlier than other sensory receptors 
(Jeka et al. 1997). This notion was employed in the present 
investigation to hypothesize that light touch is also used to 
trigger reactive responses to large-scale balance perturba-
tion. Although increased fingertip pressure following load 
release led CoP displacement by about 180 ms, our results 
indicated that the latency of muscular activation onset was 
not shortened by light touch. Lack of effect of light touch 
on latency of muscular activation onset was observed even 
when other sources of sensory information potentially able 
to trigger reactive responses were eliminated or distorted. 
This finding is consistent with previous results showing 
that latency of muscular activation onset is not reduced by 
light touching a static bar in response to stance perturba-
tion (Dickstein et al. 2003). Hence, both Dickstein’s and 
our results converge to indicate that light touch is not used 
by the postural control system to trigger automatic reactive 
responses following balance perturbation, even in condi-
tions of reduced sensory afference. Alternative candidates 
for the sensory source responsible for triggering early 
responses to unanticipated stance perturbation are dis-
cussed elsewhere (Vieira et al. 2014).

Results from the present study showed that light touch 
of a static surface induced lower magnitude of muscular 
activation and modulation of ground reaction forces in all 
epochs associated with recovery of stable balance follow-
ing an unanticipated perturbation. A point of particular 
interest was that light touch affected ground reaction forces 
differently across epochs. In the pre-perturbation epoch, 
light touch led to reduced CoP sway in the malleable sur-
face, while in the restabilization and follow-up quiet stance 
epochs, light touch led to decreased CoP sway in the condi-
tion combining no vision and the malleable surface. Thus, 
analysis of these epochs supports the hypothesis that fin-
gertip light touch improves reactive postural responses in 
a more pronounced way in conditions of afference depri-
vation from other sensory sources important for balance 
control. These results are consistent with previous findings 
leading to the conclusion that light touch induces stabili-
zation of quiet stance control particularly in conditions of 
increased postural sway caused by deprivation of either 
vision (Jeka and Lackner 1994; Baccini et al. 2007; Sozzi 
et al. 2012) or afference from the feet soles (Dickstein 

et al. 2001). Our results added information to this point by 
showing that this conclusion is valid also for conditions of 
resisting to a predictable steady force applied to the body 
(pre-perturbation epoch) and in later periods following an 
unanticipated mechanical perturbation in the search for 
reacquisition of stable balance.

For the fast reactive response epoch, light touch led to 
an overall decrease in amplitude of CoP displacement. 
Decreased CoP displacement was detected at its maxi-
mum amplitude but not at different times associated with 
its velocity and acceleration landmarks. As we found no 
interaction with manipulation of other sensory information, 
it seems that this effect is not magnified by sensory dep-
rivation/distortion as observed in the analysis of the other 
epochs. That effect might be related with reduced magni-
tude of muscular activation observed in the fast response 
epoch. As prevention of large body oscillation in response 
to perturbation is made primarily through torque applied to 
the ground by plantar flexors at the ankle, it is plausible that 
the shorter displacement of CoP in the fast response epoch 
is associated with the reduced GM muscle activation when 
the static bar was touched. A distinct effect was found in 
the analysis of maximum CoP velocity. Considering that 
we found reduced values for maximum CoP velocity as 
a consequence of light touch in the condition combining 
rigid surface and no vision, it seems that postural responses 
were particularly modulated by light touch in the condi-
tion leading to the highest velocity of CoP displacement. 
A rigid support surface offers an appropriate resistance 
for application of torque at the ankle to prevent increased 
body disequilibrium, whereas compliance of the malle-
able surface is thought to explain the slower CoP displace-
ment following load release in this epoch. So, the effect of 
surface in the primary reactive response is supposed to be 
predominantly mechanic rather than sensory related. From 
this interpretation, visual occlusion is assumed to play the 
major role in inducing increased rate of CoP displacement 
because of pure sensory manipulation. In line with this 
reasoning, light touch seems to have offered extra sensory 
information leading to application of reactive forces to the 
ground in a more similar way as performed in the condition 
of full vision. Furthermore, as maximum CoP velocity was 
achieved approximately midway to the CoP peak displace-
ment, it seems that the effect of light touch takes place at 
an early portion of the primary reactive postural response. 
This conclusion is consistent with Dickstein et al.’s (2003) 
results showing decreased CoP velocity at the very initial 
portion of reactive responses to displacement of the basis 
of support. The finding that the effect of light touch is 
detectable at an early period of the fast reactive response 
suggests a control mechanism different from that observed 
in quiet stance. In quiet stance, light touch hypothetically 
provides the postural control system with an indication of 
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body oscillation in advance to the other sensory afference 
sources, favoring reduced postural sway by means of more 
frequent feedback-based adjustments. In the fast postural 
response immediately following an unanticipated stance 
perturbation, on the other hand, time available for the exe-
cution of the reactive response is insufficient for feedback 
processing. In this case, we conceptualize that light touch 
induces modulation of the postural response synergy based 
on feedforward control processes, modulating the pri-
mary automatic reactive response to a large-scale balance 
perturbation.

The benefits of light touch of a static bar to respond to 
an unanticipated postural perturbation have been theo-
rized to be due to magnification of reflex mechanisms 
contributing to higher joint impedance leading to reduced 
body sway (Bortolami et al. 2003). From this proposition, 
one would expect greater activation of the muscles 
involved in postural responses in order to increase joint 
impedance. However, our results revealed that lower leg 
muscular activation was reduced rather than increased as 
a result of light touch in all epochs analyzed. Thus, our 
findings of decreased muscular activation in response to 
balance perturbation in the condition of light touch are 
contradictory to the expected greater muscular activation 
from Bortolami’s proposition. Alternative perspectives 
offer competing explanations to our results. A possible 
explanation is based on the notion that light touch induces 
a change of intermuscular coordination in postural 
responses. Previous studies have shown decreased magni-
tude of muscular activation as a consequence of light 
touch during quiet stance (Jeka and Lackner 1995; Sozzi 
et al. 2012), unperturbed gait (Forero and Misiaszek 
2013),4 and also in response to small and slow rotation of 
the standing support surface (Franzen et al. 2011). 
Franzen et al. proposed that modulation of the magnitude 
of muscle activation during light touch is due to a better 
neural integration of somatosensory information. By 
touching a static surface, the central nervous system is 
thought to be provided with another reference frame for 
postural control, leading to a modulation of the role 
played by each muscle participating in the synergy for the 
postural response. We interpret our results are in line with 
Franzen’s proposition from the observation that decreased 
CoP displacement and velocity due to light touch was 
associated with reduced muscular activation in all epochs. 
We conceptualize that the extra sensory information 

4 Forero and Misiaszek (2013) found higher rather than lower mus-
cular activation induced by light touch in response to a backward pull 
during gait under no vision. However, this apparently contradictory 
result is assumed to be due to amelioration of the more cautious gait 
under restricted vision, characterized by low levels of muscular acti-
vation, due to touching a stable positional reference.

provided by light touch could affect postural reactions to 
unanticipated perturbations by inducing a distinct partici-
pation of the muscles being coordinated in different parts 
of the body to produce the reactive response. More specif-
ically, an increased sense of upper body oscillation given 
by light touch may have induced increased participation 
of the trunk’s muscles in the postural response, leading to 
a diminished activation of the leg muscles in comparison 
with muscular responses in the absence of light touch. 
Such a modification of the muscular synergy could poten-
tially result in improved postural reactions by favoring a 
more global response of the whole body. In addition to 
improved postural responses due to light touch, the pre-
sent results indicated that visual information also led to 
decreased amplitude of CoP displacement in response to 
perturbation. However, as vision did not affect the activa-
tion of the GM muscle, visual afference seems to have 
modulated the postural response in a different way in 
comparison with light touch.

A different perspective of the effect of light touch on 
stance control has been posed by Riley et al. (1999) from 
the results that decreased body sway in quiet stance was 
achieved by individuals instructed to minimize the vari-
ability of fingertip contact with a pliant surface but not in 
a condition in which light touch was passive. Riley et al. 
argued that as light touch is a dual task, with reciprocal 
interdependence between stance control and maintenance 
of fingertip pressure on the touching surface, those findings 
indicate that the control system reduces body sway to cause 
decreased variability of sensory information at the finger-
tip. Additional support for this perspective has been gath-
ered by showing that motor tasks requiring accurate execu-
tion of voluntary movements lead to modulation of postural 
control. This effect has been demonstrated in tasks requir-
ing quiet stance associated with fine ocular movements for 
visual perception (Stoffregen et al. 2000, 2007; Prado et al. 
2007), and with manual movements requiring high stabil-
ity (Morioka et al. 2005). Similar evidence for the effect of 
stability constraints imposed by a manual task on postural 
control has been found also in perturbed posture. Evidence 
has been presented that execution of a task imposing high 
constraint on manual stability when suffering a mechani-
cal perturbation to body balance leads to different reactive 
responses to recover stance stability in comparison to per-
formance of a low constraint manual task (de Lima et al. 
2010; de Lima-Pardini et al. 2012, 2014). Manipulation of 
manual constraint led to modification of several aspects 
of the postural responses, including the pattern of mus-
cular activation (de Lima-Pardini et al. 2014). From these 
findings showing modulation of balance control from the 
constraints imposed by a voluntary task, it is plausible that 
modulation of postural responses to a mechanical perturba-
tion observed in our experiment can be due to the manual 
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task requirement of keeping continuously the fingertip in 
contact with the static surface.

As a conclusion, we showed in this experiment that 
light touch of a static bar led to decreased muscular activa-
tion and modulation of postural responses in the different 
epochs associated with recovery of balance stability follow-
ing an unanticipated mechanical perturbation. The effect 
of light touch on ground reaction forces associated with 
maintenance/recovery of balance stability was evidenced in 
conditions of vision and feet soles afference manipulation, 
with distinct effects between perturbation-related epochs. 
Competing explanations for the effect of light touch on bal-
ance recovery from perturbation are reorganization of the 
postural response with increased participation of the trunk’s 
muscles from the extra sensory information about body 
oscillation or from the task constraint of keeping the finger-
tip in contact with the bar. Further research is required to 
indicate the adequacy of each proposition.
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