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Abstract: Light touch is the combination of cutaneous and 
kinesthetic inputs. The literature suggests that light touch 
compensates for a reduced amount of center of pressure 
information in older peoples, blind subjects and patients 
with neurological disorder. This study investigated the 
effects of light touch applied to an external bar, on the 
postural sway in individuals with hemiparetic stroke. 
We used a cross sectional study, fifteen individuals with 
stroke and 15 healthy age-matched adults stood as still as 
possible on a force plate. Experimental trials (duration, 30 
s) included two visual conditions (open eyes and closed 
eyes), two somatosensory conditions (no touch and light 
touch) and two support surface conditions (firm and 
foam surfaces). The area of center of pressure (COP) and 
the mean velocity of COP in the medio-lateral and ante-
rior-posterior directions were assessed. For both groups, 
COP velocity and area decreased with light touch regard-
less of the visual or surface conditions. The effects of light 
touch were similar in both groups. In addition, results 
show that the effectiveness of light touch in reducing pos-
tural sway was greater on a foam surface than on a firm 
surface. Our findings indicate that light touch could be 

beneficial in postural control for individuals with hemi-
paretic stroke
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1  Introduction
Because the center of mass (COM) is high in an upright 
bipedal stance and there is a small support base, constant 
postural adjustments are required to maintain balance 
[1]. Problems such as restricted range of motion in joints, 
weakened muscles, changes in myo-tonus, and sensory 
deficits, may cause deterioration in balance in stroke 
patients [2], and their postural sway while standing in 
place may be greater than that of a normal person [3]. 

Haptic sense is the combination of cutaneous and 
kinesthetic inputs from the mechanoreceptors embed-
ded in the skin, muscles, and joints [4], and is essential 
to complex sensorimotor skills [5]. Recently, haptic sense 
plays an important role in maintaining postural control 
[6]. Holden et al. [7] reported that light touch from the fin-
gertip was found to reduce postural sway in blind subjects 
by providing additional somatosensory information to 
the postural control system. In subjects with somatosen-
sory dysfunction, somatosensory feedback from a finger 
touch may compensate for a reduced amount of center of 
pressure (COP) information being transmitted from the 
feet in a standing position, contributing to increased pos-
tural control [8]. According to Barela et al., the threshold 
for detection of passive ankle-joint movement is higher 
in older adults than younger adults [9]. It is related to the 
age-associated decline in proprioception in older adults. 
In this study, it is presumed that interventions using touch 
compensated for the decline in proprioception, thereby 
reducing postural sway.

To date, the effects of light tough on postural sway 
have been shown in patients with vestibular dysfunction 
[10], diabetic polyneuropathy [11], anterior cruciate lig-
ament injury [12], cerebellar dysfunction [13] and stroke 
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[14].  Lackner et al. [10] reported that both healthy adults 
and subjects with a loss of vestibular function showed a 
greater reduction in postural sway with the provision of 
light touch than when we provided them visual infor-
mation. Additionally, a study on blind subjects on the 
postural stabilizing effects based on the differences in 
applied force found that light touch showed effects com-
parable to those of heavy touch [15]. Such effect of light 
touch have been demonstrated while standing on one leg 
[7], in a tandem position [16], standing on a foam surface 
[11,17,18], and in a bipedal standing position. 

Cunha et al. [14] studied the effect of light touch on 
stroke patients, and found that light touch reduced pos-
tural sway, and that its effects were greater with the eyes 
closed. However, the differences relating to the support-
ing surface were not compared. Additionally, it was not 
studied whether or not a light touch, on a foam surface, 
can reduce postural sway in stroke patients. 

Therefore, this study investigated the effects of light 
touch under different visual and surface conditions on 
postural sway in stroke patients.

2  Materials and methods

2.1  Subjects

Fifteen participants with hemiparetic stroke and fifteen 
age-matched healthy adults participated in the study. The 
inclusion criteria for participants were as follows: those 
who were diagnosed with a first onset of unilateral hem-
isphere stroke, could stand independently for at least 1 
minute, had no neglect of paretic limbs, had no severe 
sensory or visual deficit, had no vestibular deficit, and 
were able to understand and follow simple verbal instruc-
tions. Using the Mackinnon-Dellon Disk-Criminator, the 
researchers assessed the somatosensory sensations of the 
non-affected (dominant) index finger by clinical testing of 
testing for proprioception and by static two-point discrim-
ination by the palmar aspect of the distal phalanx [18]. 
Two points between 4 mm was established as the normal 
limit for two-point discrimination [20,21]. All participants 
consented before participating in the study. The Institu-
tional Review Board of Gachon University approved the 
study. 

2.2  Protocol

The participants stood, barefoot and with their heels 
separated by a distance about of 16 cm, on a force plat-
form (Wii balance board, Nintendo, Japan) for 30 s. This 
instrument has been reported to have a high test-retest 
reliability (intraclass correlation coefficient [ICC]=0.66-
0.94) and high construct validity (ICC=0.77-0.89) [22]. The 
researchers marked foot positions on the force plate and 
maintained at the distance for each trial. Experimental 
trials included two visual (open eyes, closed eyes), two 
somatosensory (no touch, light touch) conditions, and 
two support surface (firm and foam) conditions. In the 
eyes open test, the subjects fixated on a point at eye level 
that is 1 m in front of them. During the light touch test, 
the participants touched, with their non-affected (domi-
nant) index fingertip, an external bar, while keeping the 
affected (non-dominant) arm hanging passively at the 
side of the body. The experimenter checked the amount 
of force used and the participants reduced it every time 
when it was higher than 1 N on the bar. The participants 
could keep their elbow flexed at 90° while the height of 
bar was adjusted. For trials on the foam surface, subjects 
stood on balance pad (Airex, Aalen, Germany). Two trials 
under each condition were performed, with a total of 16 
trials. The order of the trial was randomized for all partic-
ipants. All subjects wore a harness and a therapist stood 
behind the participant for safety. The effect of muscle 
fatigue was minimized by providing a 1-min rest between 
trials. Data was transferred between the Wii balance 
board and laptop using the built-in Bluetooth and the 
Balancia v2.0 software (Minto-system, Seoul, Republic of 
Korea). The sampling rate was set at 50 Hz, and a 12 Hz 
low pass filtering was applied. The Balancia software has 
a high interrater reliability (ICC=0.89-0.79) and intrarater 
reliability (ICC=0.92-0.70) [23]. The measured parameters 
consisted of the area of COP sway and the mean velocity 
of COP displacement in the medio-lateral (ML) and anteri-
or-posterior (AP) directions.

2.3  Statistical analysis

Repeated measures analyses of variance (ANOVA) were 
used to examine the effects of groups (stroke and control), 
surface (firm and foam), somatosensory (no touch and 
light touch) and visual (open and closed eyes) conditions 
on COP area. Mixed design multiple analyses of variance 
(MANOVA) were used to examine the effects of group, 
surface, somatosensory and visual conditions on COP 
velocity. The level of significance was set at p≤0.05. Statis-



Effects of light touch on balance in patients with stroke   261

tical analyses were performed using SPSS 18.0 (SPSS Inc., 
Chicago, IL, USA). 

3  Results
Table 1 shows the common characteristics of the partici-
pants in this study. ANOVA indicated significant effect of 
group (F=61.268, p<0.001), surface (F=95.029, p<0.001), 
somatosensory (F=108.130, p<0.001) and visual (F=87.340, 
p<0.001) conditions on the COP area. However, there was 
no more double and triple interaction (p>0.05) (Fig 1).

The results of COP velocity were similar to those for 
COP area (Fig 2). Moreover, significant main effects of 
group (F=10.072, p=0.001), surface (F=68.730, p<0.001), 
somatosensory (F=46.688, p<0.001), and visual (F=70.206, 
p<0.001) conditions, MANOVA also indicated a significant 
interaction between somatosensory by surface and visual 
condition (F=3.714; p<0.05 and F=3.442, p<0.05). However, 
there was no more interaction (p>0.05). Univariate analy-
ses revealed main effects of surface, somatosensory and 
visual conditions for both ML (F=92.221; p<0.001, F=78.017; 
p<0.001, and F=78.736; p<0.001, respectively) and AP 
(F=106.731; p<0.001, F=75.552; p<0.001 and F=105.557; 
p<0.001, respectively) directions, whereas the group and 
somatosensory by surface and visual condition inter-
action was significant only for ML direction (F=15.460; 

p=0.001, F=5.969; p<0.05, F=5.676; p<0.05). The ML COP 
velocity was increased in the closed eyes condition or in 
the foam surface condition. Light touch was more effective 
in reducing ML COP velocity on foam and in the closed 
eyes condition.

4  Discussion 
In the present study, we examined postural sway while 
standing in place for stroke patients and control subjects, 
under various conditions. The COP velocity was higher in 
the closed eyes condition than in the open eyes condition, 
and higher on the foam surface than on the firm surface 

Table 1: Common and clinical characteristics of the subjects (N=30)
MMSE, mini-mental state examination.

Variables Stroke group 
(n=15)

Control group 
(n=15)

Sex
Male/Female  9/6 8/7
Age, years 54.9 (10.9)a  55.3 (10.7)
Height, cm 165.7 (8.3) 168.5 (6.5)
Weight, kg 63.7 (8.0) 65.4 (7.2)
Post-stroke duration, mo 12.9 (4.7) -
Paretic side -
Right/Left 8/7 -
Lesion type -
Hemorrahage/Ischemia 7/8
MMSE 26.1 (1.9) 29.7 (0.5)
Sensory
Proprioception 
Normal/reduced/absent 14/1/- 15/-/-
2 point discrimination 
Normal/reduced/Absent 12/3/- 15/-/-

amean (standard deviation)

Figure 1: The mean velocity of center of pressure in the two groups 
for each condition. ML, medio-lateral; AP, antero-posterior; N, no 
touch; L, light touch.

Figure 2: The area of center of pressure in the two groups for each 
condition. N, no touch; L, light touch.
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condition in both groups. The COP velocity in ML direc-
tion was significantly greater in the stroke patients than 
the control group. Also, the results of this study revealed 
that when investigating the effects of light touch from a 
finger under different visual conditions on the postural 
sway of stroke patients, light touch showed similar effects 
in the COP velocity and area to those found in the control 
group. Light touch plays a role in stabilizing the standing 
position by inducing activation of the postural muscles, 
which results from the cutaneous information from the 
finger and the proprioceptive information from the con-
figuration of arms, and transmits information about the 
direction and velocity of postural sway to central nervous 
system [24-26]. Unlike light touch, which can affect pos-
tural control via feed-forward mechanism, heavy touch 
can provide mechanical support for postural sway and 
assist with balance regulation through a feedback mech-
anism [11,27]. A comparative study by Cunha et al. [14] 
on the effects of light touch under different visual con-
ditions of stroke patients showed that they had a reduc-
tion in postural sway relative to that found in the control 
group, and it was that the effects were greater when the 
eyes closed. Furthermore, the postural sway decreased 
with light touch from an unaffected hand applied in the 
ML direction, when the postural sway results, based on 
the direction of the touch, were compared. This is because 
the participants had a hard time maintaining a posture 
for touch using the affected arm and hand. Thus, in the 
present study, stroke patients touched using the unaf-
fected hand, while the control group touched using the 
dominant hand. As a result, both group showed signif-
icant reduction in COP velocity and area by light touch. 
Meanwhile, light touch yielded a greater reduction in ML 
COP velocity, with eyes closed. ML COP sway is signifi-
cantly correlated with falls and can be a predictive factor 
for falls [25,29]. Since subjects might be more dependent 
on sensory inputs from fingers in the absence of visual 
information, the amount of reduction of ML COP velocity 
due to light touch is thought to be increased.

Moreover, the effects of light touch on postural sway 
based on the support surface were also investigated. The 
results showed that postural sway on a foam surface 
increased for the two groups. The effects of light touch 
while standing on a foam surface were significantly greater 
than while standing on a firm surface, in ML COP velocity. 
Martinelli et al. found that postural sway was affected by 
the interaction between light touch and sensory informa-
tion manipulation, and that light touch had a more notice-
able effect when sway was increased by deprived sensory 
information [18]. Both distorted foot sensory information 
and mechanical instability due to an unstable support 

surface while standing on a foam surface may have 
increased postural sway [11]. In addition, because it is dif-
ficult to generate appropriate ankle torque while standing 
on a foam surface, the control of the posture is modulated 
by using a hip strategy [30]. Dickstein et al. [11] reported 
that when light touch was applied, not only did the pos-
tural sway decrease, but trunk velocity also showed a sig-
nificant reduction. They suggested that this was because 
the sensory information from the finger and the arm pro-
vided references to recognize the alignment of the body, 
thereby promoting control of the posture using the ankle 
strategy. In addition, as the time taken for the somatosen-
sory information from the hands and arms to reach the 
postural control center of the brain stem is shorter than 
that from the foot and legs, postural response in hands 
or arms may occur more quickly [31]. A study of recovery 
of postural stability following unanticipated mechanical 
perturbation reported that light touch decreased not only 
postural sway but also muscular activation magnitude, 
and suggested that an increased in somatosensory infor-
mation caused by touch induced the postural response 
of trunk muscles, which led to reduced activation of leg 
muscles [18]. Although trunk velocity and muscle activa-
tion were not measured in the present study, the reduction 
effect of the COP velocity resulting from the light touch on 
a foam surface is thought to be due to the enabling of the 
ankle strategy, thus reducing displacement of COM.

The present study confirmed that light touch under 
all visual and surface conditions was effective in reducing 
postural sway in stroke patients. The limitations of this 
study are that, since the number of subjects was small, the 
findings are difficult to generalize and that trunk velocity 
was not determined. We evaluated effects of light touch 
on postural sway under different conditions in patients 
with stroke. The light touch can be a beneficial to improve 
balance in individuals with hemiparetic stroke. Further 
studies are needed to determine the effects of light touch 
on trunk velocity under a variety of conditions, and on 
changes in postural response using electromyography. In 
addition, there is a need to investigate long-term effects of 
light touch.
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