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| Abstract |

PURPOSE: Muscle fatigue is a cause to change pro-
prioception. The purpose of this study was to investigate the
effects of calf muscle fatigue and visual control on postural
balance during single-legged standing in healthy adults.
METHODS: Nineteen healthy adults (male) were
participated in this study (mean age: 24.36 years; mean height:
171.32 em; mean weight: 64.58 kg). The postural balance
(sway length, sway area, sway velocity of COG displacement)
was measured by Balance Trainer System (BT4) in before and
after calf muscle fatigue feeling in single legged stance. In this
study, repetitive single-legged heel rise test was used to
induce fatigue of the calf muscle. Paired t- test was used to
compare the postural balance between before and after calf
muscle fatigue. Data of subjects were analyzed using SPSS
22.0 (SPSS Inc., Chicago, IL, USA). Level of significance
was set to .05.

RESULTS: The sway length, sway area, sway velocity of
COG (center of gravity) displacement after calf muscle

fatigue feeling was significantly increased compared to
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before calf muscle fatigue feeling during single leg standing
both eye open and close conditions (p<.05).

CONCLUSION: This study suggested that calf muscle
fatigue feeling has affected on postural balance when standing
one leg both eye open and close conditions and postural
control was disturbed by muscle fatigue and visual feedback

in single leg standing.
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I. Introduction

The muscular fatigue represents an inevitable phenom-
enon for daily activities (Vuillerme et al., 2002). Muscle
fatigue can be defined as a decreased force generating ca-
pacity and a transient loss of generated during a maximum
voluntary effort (Gandevia, 2001; Allen et al., 2008).
Muscle fatigue has been shown to impair postural balance
(Gribble and Hertel, 2004), and has altered the position
sense at the ankle induced by the muscular fatigue (Forestier
et al., 2002). Consequently, it seems reasonable to decrease
a postural stability after lower limbs muscular fatigue
(Yaggie and Mcgregor, 2002).

Balance can be defined as the ability to maintain the
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vertical projection of the center of mass (COM) on the
support surface (Onell, 1999). The ability to maintain the
control of the projection of COM within the postural
stability limits during quiet standing has usually been
assessed by the use of balance training system or force
plate. Increased the trace length, area, velocity of COM
are usually interpreted as decreased postural stability or
poor balance (Adlerton et al., 2003).

The human calf muscle has been used to study the
responses of muscle fatigue (Egana and Green, 2007), and
it is an important muscle to study in clinical conditions
where its fatigability limits exercise tolerance (Green and
Mehlsen, 1999). The calf muscles are important both for
stability during standing and for control and propulsion
during walking (LaRoche et al., 2010). The calf muscle
fatigue could be changed the proprioception (Boucher et
al., 2012; Kwon et al., 2013) and the calf muscle strength
is important to prevent the falls in older peoples (Maritz
and Silbernagel, 2016).

One of interventions for balance training is to maintain
a quit standing on a platform while providing visual control
(eye open and close conditions) and instructing participants
to minimize movement of the COG in quiet standing
(Rougier, 2009; Yun and Yoo, 2016). This type of
intervention would be effective for reducing postural sway
and improving balance control for individuals with muscle
weakness (Zijlstra et al., 2010). In addition, Vuillerme et
al. (2002) reported that the ability to use visual information
for postural balance during bipedal quiet standing following
calf muscles fatigue was dependent on the visual target
distance.

There is a relationship between calf muscle fatigue and
postural balance deficits, but few studies have attempted
to compare the postural balance between pre and post calf
muscle fatigue both eye open and close conditions during
single leg standing. Therefore, the purpose of this study
was to investigate the effects of calf muscle fatigue and

visual control (eye open and close condition) on postural

balance during single leg standing.

II. Methods

1. Subjects

Nineteen heathy adults (male: 19; age: 24.36+2.25 years;
weight: 64.58+7.46 kg; height: 171.3246.58 cm) with no
history of injury or pathology to either lower extremity
or visual acuity participated in this study (Vuillerme et
al., 2006). All of subjects were fully informed of the
procedures and the purpose of this study. Written informed
consent was obtained from all subjects prior to the

experimental procedure as by the Helsinki declaration.

2. Apparatus

A balance trainer system (BT4, Hur-labs, Tampere,
Finland) was used to measure the postural balance. BT4
can measure the sway length, sway area, sway velocity

of COG displacements.

3. Task and procedure

In this study, repetitive single-legged heel rise test was
used to induce fatigue of the calf muscle (Maritz and
Silbernagel, 2016). Subjects were asked to perform their
dominant heel-lift from neutral foot position to a toe-
standing position repeatedly as many times as possible.
The hip and knee joints were kept fully extended during,
repetitive single-legged heel rise test. The aim of this
exercise was to induce a muscular fatigue in the ankle
plantar-flexor of dominant leg (Adlerton et al., 2003).

Among the postural balance test of BT4 program,
Romberg test 30 second was used to measure the sway
length, sway area, sway velocity of the COG displacement.
Data from BT4 were collected during single-legged
standing with arm crossed in front of chest for 30 second
before and after calf muscle fatigue. To measure the postural

balance at fatiguing condition, the measurements were
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performed immediately after a fatiguing procedure. To
prevent the fall during performing tasks, the safety bars
were installed on the left and right sides and the subjects
were asked to catch the bars if they were going to fall
down. The values were measured three times in each
experiment, and the average value was used in analysis.
The experiment were first performed in eye open condition

and following in eye close condition.

4, Statistical analysis

Data are represented as means + SD. Paired t-test was
used to compare the postural balance between pre and post
fatigue in single leg standing with eye open and eye close
respectively. Data of subjects were analyzed using SPSS
22.0 (SPSS Inc., Chicago, IL, USA). Level of significance

was set to .05.

I, Results

In eye open condition, sway length, sway area, sway
velocity of COG displacement were significantly increased
after calf muscle fatigue feeling compared to those of before
calf muscle fatigue feeling (p<.05) (Table 1). In eye close
condition, sway length, sway area, sway velocity of COG
were also significantly increased after calf muscle fatigue
feeling compared to those of before calf muscle fatigue

feeling (p<.05) (Table 1). And sway length, sway area,

sway velocity of COG with eye close condition were
generally increased compared to those with eye open

condition.

IV, Discussion

When muscles are in a fatigued condition, they become
less efficient at providing joint stability. Studying about
the effects of fatigue on postural control may be possible
to examine potential risk factors of musculoskeletal injury
related to impaired neuromuscular control (Gribble and
Hertel, 2004). Unilateral heel-rise exercise provides a
greater load on the calf muscles and is more challenging
on the balance (Maritz and Silbernagel, 2016), but this
exercise can easily provoke the calf muscle fatigue to
disturb the postural balance. The finding of this study
indicate that the calf muscle fatigue, as induced with the
unilateral heel-rise test, considerably increased sway length,
sway area, sway velocity of COG displacement. This could
be caused by a decrease of balance coordination resulting
from the calf muscle fatigue. Specially, an increase of sway
velocity might be caused by faster reaction at ankle joint
to maintain the center of gravity during calf muscle
fatiguing state. This result was similar to that the postural
balance is more closely linked to the velocity of the COG
displacement than the amplitude of COG displacement
(Adlerton et al., 2003).

Table 1. Comparison of postural balance between before and after calf muscle fatigue feeling during single

leg standing (n=19)

Variables Visual condition Before fatigue feeling  After fatigue feeling t p

Open 965.32+218.99 1151.54+293.57 -3.70 <.01*

Sway length (mm)
Close 1938.15+429.88 2145.81+440.69 -2.32 .03*
, Open 633.08+227.24 819.01+411.16 -2.23 .03*

Sway area (mm°)
Close 1783.63+469.34 2126.75+£512.98 -2.90 <.01*
Sway velocity Open 32.18+7.29 38.3849.78 -3.69 <.01*
(mmy/s) Close 64.59+14.33 71.52+14.68 232 .03*

*p<.05
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Previous studies found that fatigue to the plantar flexors
and dorsiflexors of the ankle created significant increases
in postural sway (Lundin et al., 1993; Yaggie and
Mcgregor., 2002), but Adlerton et al. (2003) found no
relationship between fatigue to calf musculature and
single-leg balance immediately after a continuous heel-
raising task. On the one hand, Corbeil et al. (2003) observed
similar destabilizing effects of muscular fatigue with and
without vision. Ledin et al. (2004) showed that vision was
able to substantially limit, along the antero-posterior axis
mainly, the increased postural sway induced by the calf
muscles fatigue.

In our study, the fatigue of the calf muscle produced
significant changes in postural balance during single leg
standing. These results might suggest that the function of
the calf muscle in single-leg stance are important to
maintain the postural stability as like other ankle muscles
that effected by the fatiguing tasks.

This study has several limitations that need to be
considered when interpreting the results. This study could
not be normalized because of a fairly small sample size.
It is therefore not possible to determine how much of the
difference of measurement were exact. However, there were
significant differences between before and after the calf
muscle fatigue feeling in all the measured parameters, which
can be considered of great importance for these subjects.
Further studies are needed to investigate how can prevent
the muscle fatigue during clinical interventions for postural
balance and to see if there are any difference both eye
open and close conditions in the lower extremity exercise.
This study also included only healthy younger adults, and

future studies need to evaluate in various an age populations.

V. Conclusion

This study suggested that calf muscle fatigue has affected

on postural balance when standing one leg both eye open

and close conditions and postural control was disturbed
by muscle fatigue and visual feedback in single-legged

standing.
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