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Abstract: The purpose of the current study was to investigate the effect of lightly gripping a cane on the Functional 

Reach Test (FRT) to evaluate dynamic balance. 21 healthy men (19±1 years) were asked to perform the FRT three times. 

The standard FRT was performed in the first and third trials. In the second trial, participants in a light-grip group (n = 11) 

were told to lightly grip (but to not apply force for mechanical support) the cane during the FRT. Participants in a depend-

on-cane group (n = 10) were told to perform the FRT while supporting their weight with the cane. FRT is improved by not 

only supporting a person’s own weight with a cane but also just lightly gripping the cane. These findings would be helpful 

in the development of a useful application to improve the human movement using a haptic sensory supplementation for 

activities of daily living.  
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INTRODUCTION 

Independent mobility is an important factor that affects 
quality of life, and good balance control is required to de-
crease the incidence of falls during locomotion. Because 
postural stability during standing or locomotion is believed 
to play an important role in balance control, many variables 
for evaluating postural sway have been suggested (e.g. static 
or dynamic balance control and balance response of pertur-
bation). Further, researchers have made efforts to improve 
these variables through various procedures. Researchers have 
found that providing additional tactile sensory input through 
the hand or finger improves postural stability during quiet 
standing [1-9]. Jeka and Lackner [2] showed that lightly 
touching the tip of the index finger on a fixed surface at 
waist height (contact force levels that are insufficient for 
providing mechanical body support; <1 N) resulted in de-
creased postural sway during tandem Romberg stance. These 
effects have also been observed for light finger contact with 
an unstable object. Riley et al. [5] reported that a light finger 
touch to a cloth curtain decreased postural sway. It has also 
been found that lightly touching a finger to the upper part of 
the thighs significantly decreases postural sway during quiet 
stance [6, 9]. Furthermore, lightly touching a stable surface 
can improve the quality of postural responses to slips or trips 
during quiet standing on a platform by triggering a more 
rapid corrective response to a sudden displacement of the 
platform [10]. These findings indicate that lightly touching 
an object during quiet standing primarily provides informa-
tion about the relative movement of the body segments and 
helps an individual sense the movements of the trunk, arms, 
and thighs relative to one another.  
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Although the association between postural sway and light 
touch has previously been investigated, some researchers 
have applied these effects to various models of a cane (not 
real cane). Jeka et al. [11] investigated the effects of lightly 
gripping a cane placed on a stationary surface on postural 
control in sighted and congenitally blind individuals. They 
reported that although postural sway was decreased by 
lightly gripping a cane on a stationary surface, a slanted cane 
was far more effective in reducing postural sway than a per-
pendicular cane. Albertsen et al. [12] found that a light grip 
is effective even when using an unstable stick support during 
quiet stance in young healthy individuals. They confirmed 
that the effect of “light grip” on postural stability during 
quiet stance is independent from the nature of the cane sup-
port (fixed or mobile) when sufficiently large sway related 
contact forces on the fingers are provided. These findings 
would be helpful in the development of a useful application 
for activities of daily living.  

However, the most falls and fall related injuries occur 
during walking or dynamic movement tasks [13, 14]. For 
instance, Hageman et al. [15] reported that although static 
balance is not decreased in the elderly until remarkable func-
tional declines occur, dynamic balance decreases much ear-
lier. Riemann et al. [16] and Sell [17] suggested a shift away 
from static balance testing toward dynamic balance testing as 
it may be more functional and more applicable to healthy, 
physically active individuals. Dynamic balance is the ability 
to anticipate changes in balance and coordinate muscle activ-
ity to maintain stability [18], and it means maintaining a sta-
ble position while the person undertakes a prescribed move-
ment [19]. It can be evaluated using the Functional Reach 
Test (FRT) [20], which measures the maximal distance an 
individual can reach forward beyond arm’s length while 
maintaining a fixed base of support in the standing position. 
It is a widely used dynamic balance test that can be adminis-
tered to everyone from children [21] to the elderly [22, 23]. 
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If lightly gripping a real cane (not a cane model) improves 
dynamic balance control (evaluated by the FRT), this finding 
would be more helpful in the development of a useful appli-
cation for activities of daily living than that of the previously 
mentioned studies. Thus, the purpose of the current study 
was to investigate the effect of lightly gripping a real cane on 
the FRT score to evaluate dynamic balance. 

MATERIALS AND METHODS 

Participants 

Data were obtained from 21 healthy men (19 ± 1 years) 
with no current or previous medical history of neural, mus-
cular, or skeletal disorders. Participants were randomly as-
signed to a light-grip (LG group; n = 11) or a depend-on-
cane (DC group; n = 10) group. Before initiating the study, 
all participants were informed of the purpose of the study 
and informed consent was obtained from each of them. Fur-
ther, this study was approved by Human Ethics Committee 
of Graduate School of Human Development and Environ-
ment, Kobe University.  

Functional Reach Test (FRT) 

The FRT protocol was based on the previous study by 
Kage et al. [24], which investigated different FRT methods. 
The study indicated that the FRT distance and the center of 
pressure were significantly higher for the one-arm FRT than 
for the two-arm FRT. They concluded that the one-arm reach 
is more suitable when evaluating dynamic balance for young 
adults. Therefore, the FRT score was determined by using 
the one-arm FRT method in the present study. 

Each participant was asked to stand with the lateral as-
pect of the right arm parallel to the wall. A yardstick was 
attached to the wall at approximately shoulder height. Par-
ticipants were then instructed to place their feet a shoulder 
width apart and flex their dominant arm until it was parallel 

to the floor while keeping their non-dominant arm at their 
side. The dominant arm was indicated by each participant 
based on the hand used to write and throw a ball. This was 
the right arm for all participants. At this time, the examiner 
made an initial mark at the participant’s middle finger loca-
tion on the yardstick. The participant was instructed to begin 
a reaching movement on cue from the examiner and extend 
the right arm reaching as far forward as possible at normal 
speed and return to an upright position without any steps 
while keeping the arms level with the acromion. The FRT 
score was determined by the displacement of the partici-
pant’s finger between the initial position and farthest reach 
attained. 

Protocol (Fig. (1)) 

 Before the experiment, a practice session took place to 
allow participants to become familiar with the FRT protocol 
for approximately 5 minutes. 

Each participant was asked to perform the FRT three 
times. The standard FRT was performed in the first and third 
trials by all participants. In the second trial, participants in 
the LG group were told to let their left hand lightly grip the 
cane (just lightly touching of the cane on their fingers, as 
shown in Fig. (1). Vertical force was not applied). Located to 
the left anterior oblique position during the FRT. In the sec-
ond trial, participants in the DC group were told to perform 
the standard FRT while supporting their weight with the 
cane held in their left hand. The length of the cane was ad-
justed so that the top of the cane would reach the crease on 
the underside of the wrist while standing up straight, arms at 
the sides. Additionally, the cane length was confirmed when 
each participant held the cane while standing and flexed the 
elbow 15 to 20 degrees. During the experiments, the partici-
pants were carefully observed by the instructors to ensure 
compliance with the instruction.  

 

Fig. (1). Schematic diagram of the experimental protocol. Participants were randomly assigned to a light-grip (LG group; n = 11) or a 

depend-on-cane (DC group; n = 10) group. The FRT score was determined by using the one-arm (right arm) FRT method in the present 

study. This FRT (standard FRT) was performed in the first and third trials. In the second trial, participants in the LG group were told to let 

their left hand lightly grip the cane (not apply vertical force, just lightly touching of the cane on their fingers) located to the left anterior 

oblique position during the FRT. Participants in the DC group were told to perform the standard FRT while supporting their weight with the 

cane held in their left hand. 
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Statistical Analysis 

Statistical analysis was performed using a one-way re-
peated-measures analysis of variance (ANOVA), and sig-
nificant differences between the three different conditions of 
the FRT in each group were evaluated with post-hoc multi-
ple comparisons using Tukey’s test. Values of p < 0.05 were 
considered statistically significant. These analyses were per-
formed using J-STAT (ver. 12.5) software. In addition to the 
significance testing, effect sizes were calculated for the FRT 
condition effects, using Cohen’s d. 

RESULTS 

The DC group performed three FRT tasks: standard FRT 
was performed in the first and third trials, and they per-
formed the FRT while supporting their weight with the cane 
in the second trials. The results are presented in Table 1. 
Although the FRT was not significantly different between 
standard FRT trials, it was significantly greater in the cane 
supported trial compared with the two standard trials. These 
results were constant when the FRT (cm) was normalized to 
the participant’s height (cm). Therefore, dynamic balance is 
improved when supporting a person’s weight with a cane.  

The LG group also performed three FRT tasks: standard 
FRT was performed in the first and third trials, and they per-
formed the FRT while lightly gripping a cane with their fin-
gers and palm (but to not apply force for mechanical sup-
port) in the second trials. The results are presented in  
Table 2. Although the FRT score was not significantly dif-
ferent between the standard FRT trials, it was significantly 
greater in the light grip trial than in the two standard trials. 
These results were constant when the FRT (cm) was normal-
ized to the participant’s height (cm). Effect size (Cohen’s d) 
are presented in Table 3. It did present a small sized effect 

between the standard FRT trials in the both groups. How-
ever, it did present a large sized effect in the cane supported 
trial compared with the two standard trials in the DC group. 
Further, it did present a medium sized effect in the lightly 
gripping trial compared with the two standard trials in the 
LG group. Therefore, dynamic balance is improved by not 
only supporting a person’s own weight with a cane but also 
just lightly gripping the cane. 

DISCUSSION 

 This study investigated the effect of lightly gripping a 
cane on dynamic balance using the FRT. The FRT score was 
significantly greater when participants supported their 
weight on a cane and just lightly gripped the cane. Therefore, 
dynamic balance is significantly improved by not only sup-
porting a person’s own weight with a cane but also just 
lightly gripping the cane.  

Contact of the finger or hand with an object improves 
postural stability during quiet stance. Time of postural stabi-
lization was measured after subjects made light finger con-
tact with a fixed external object by Rabin et al. [7]. They 
observed that fingertip contact forces stabilized with a time 
constant of less than 0.5 s and sway amplitude of the centre 
of pressure stabilization occurred rapidly following fingertip 
contact. Further, the stereotypical pattern of force changes at 
the fingertip correlated with changes in the center of pressure 
by approximately 300 ms, and was evident within the first 
0.5 s of finger contact. On the other hand, Kouzaki and Ma-
sani [25] found that the effects of a light touch during quiet 
stance were diminished due to loss of finger tactile feedback 
induced by tourniquet ischemia. Therefore, a light touch dur-
ing quiet standing provides information about the movement 
of the body segments by helping an individual sense the 
movements of the trunk, arms, and thighs relative to one 

Table 1.  Effect of cane-support on functional reach test (DC-group). 

Variables 
1. Standard 

Mean ±  S.E.M. 

2. With a Cane 

Mean ±  S.E.M. 

3. Standard 

Mean ±  S.E.M. 

ANOVA 

F-value, Probability 

Functional Reach (cm) 46.60 ± 0.83 62.60 ± 2.35 ** 44.90 ± 1.26 ## F = 44.04, P < 0.01 

Functional Reach / Height 0.27 ± 0.01 0.37 ± 0.02 ** 0.27 ± 0.01 ## F = 30.75, P < 0.01 

Each participant was asked to perform the functional reach test (FRT) three times. The standard FRT was performed in the first and third trials. In the second trial, participants per-
formed the FRT while supporting their weight with the cane held in their left hand. Statistical analysis was performed using a one-way repeated-measures analysis of variance 

(ANOVA), and significant differences between the three different conditions of the FRT in each group were evaluated with post-hoc multiple comparisons using Tukey’s test. 
** ; p < 0.01 vs. “1 Standard” (Tukey's test) 

## ; p < 0.01 vs. “2 with a cane” (Tukey's test). 
 

Table 2.  Effect of lightly grip to cane on functional reach test (LG-group). 

Variables 
1. Standard 

Mean ±  S.E.M. 

2. With a Cane 

Mean ±  S.E.M. 

3. Standard 

Mean ±  S.E.M. 

ANOVA 

F-value, Probability 

Functional Reach (cm) 45.00 ± 1.39 47.91 ± 1.15 * 44.36 ± 1.59 # F = 6.20, P = 0.01 

Functional Reach / Height 0.26 ± 0.01 0.28 ± 0.01 * 0.26 ± 0.01 # F = 6.17, P = 0.01 

Each participant was asked to perform the functional reach test (FRT) three times. The standard FRT was performed in the first and third trials. In the second trial, participants were 
told to let their left hand lightly grip the cane (not apply vertical force, just lightly touching of the cane on their fingers (Fig. 1)). Statistical analysis was performed using a one-way 
repeated-measures analysis of variance (ANOVA), and significant differences between the three different conditions of the FRT in each group were evaluated with post-hoc multiple 

comparisons using Tukey’s test. 
* ; p < 0.05 vs. “1 Standard” (Tukey's test) 

# ; p < 0.05 vs. “2 with a cane” (Tukey's test). 
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another. The present study investigated whether lightly grip-
ping a real cane improves dynamic balance. The results show 
that dynamic balance evaluated by the FRT was significantly 
improved by lightly gripping a cane. Therefore, the present 
results indicate that the effects of lightly gripping a cane on 
postural stability can be applied to dynamic postural stability.  

Although the present study revealed the effects of lightly 
gripping a cane on dynamic balance, the mechanisms under-
lying the association between postural sway and light touch 
is yet to be thoroughly examined. When an individual main-
tains a quiet stance, plantar flexors are recruited as anti-
gravity muscles at the ankle joint. Plantar flexor activity dur-
ing quiet stance differs under various conditions. It is greater 
in the elderly than in young adults [26-28], with eyes closed 
than with eyes open [29], and on an unstable surface than on 
a stable surface [30]. However, some researcher reported that 
plantar flexor (soleus) activity was not significantly changed 
by a light touch during quiet stance [8, 9]. 

Although dorsiflexor activity during quiet stance usually 
remains low (i.e. plantar flexors are agonist muscles and 
dorsiflexors are antagonist muscles), it influences postural 
stability. During the bipedal stance, muscle co-activation of 
the ankle joint increased with age [26, 27], and persons with 
less physical function during postural control tasks showed 
higher muscle co-activation of the ankle joints [27, 31]. Fur-
ther, Oshita and Yano [9] reported that although soleus 
(plantar flexor) activity did not significantly change with a 
light touch during quiet stance, tibialis anterior (dorsiflexor) 
activity significantly decreased. Therefore, a light touch dur-
ing quiet stance might improve postural stability by decreas-
ing co-activation of the ankle muscles, and provide informa-
tion about the movement of the body segments. Some re-
searchers have found unfavourable effects of co-activation 
on the motion of postural control, reporting that excessive 
muscular co-activation increases the rigidity of postural con-
trol [32, 33]. Rigidity of postural control induced by greater 
muscle co-activation reduces the degrees of freedom during 
postural control [34]. The FRT requires good postural con-
trol as participants have to maintain their posture. Therefore, 
if co-activation is decreased by light touch, the FRT score 
will improve. Actually, Nagai et al. [31] found that balance 

training improves the FRT score and that other dynamic bal-
ance tests were associated with decreased muscle co-
activation in the ankle joint. Therefore, the effects of lightly 
gripping a cane on the FRT score might be induced by the 
decreasing co-activation of ankle muscles.  

The association between postural stability and light touch 
is scientifically interesting. However, it cannot be applied to 
various movements (i.e., daily activities) during contact with 
a fixed stable object. The present study revealed that dy-
namic balance was improved not only by supporting a per-
son’s weight on a real cane but also by just lightly gripping 
the cane. A cane can be used while performing various 
movements. Therefore, our results suggest a potential new 
use for a cane. However, if individuals want to maintain their 
posture, they can support their body weights by strongly 
holding on to objects (i.e., a wall, handrail, or cane). This 
can help them stand independently while greatly reducing 
their risk of falling with progressive leg weakness. However, 
this may cause weakening of muscle function in persons who 
have enough muscle strength to stabilize their own postures 
because using a cane greatly reduces muscular force outputs 
needed for posture stability [35]. By contrast, lightly touch-
ing a cane does not reduce muscular force outputs while 
maintaining posture because contact force levels are insuffi-
cient for providing mechanical body support. Furthermore, 
some studies revealed that the association between postural 
control and haptic input through light touching affects motor 
learning [9, 36]. These reports suggest that light touching is a 
potential training tool to acquire postural control ability. If 
the effect of lightly gripping a cane on postural stability is 
also relevant during various motions, lightly touching a cane 
might be useful in improving human movement. Therefore, 
further studies are needed to clarify the direct relationship 
between muscle activity or joint kinematics and the effect of 
light touch. 
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Table 3.  Effect size (Cohen’s d) about the effect of cane on functional reach test. 

Functional Reach Test 

Cohen’s d 
1. Standard vs. 

2. With a Cane 

3. Standard vs. 

2. With a Cane 

1. Standard vs. 

3. With a Cane 

LG (light-grip) group 0.69 0.77 0.13 

DC (depend-on-cane) group 2.64 2.95 0.41 

Functional Reach Test / Height 

Cohen’s d 
1. Standard vs. 

2. With a Cane 

3. Standard vs. 

2. With a Cane 

1. Standard vs. 

3. With a Cane 

LG (light-grip) group 0.59 0.72 0.12 

DC (depend-on-cane) group 2.71 2.55 0.11 
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