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ABSTRACT

Aims: Various tests to assess dynamic balance ability have been developed. The spot stepping
(stepping) test assesses balance ability when a person voluntarily moves the body. The functional
reach (FR) test assesses balance ability when a person is subjected to added stimulation to make
the body unstable. The balance board (BB) test assesses balance ability when a person is
subjected to added stimulation while continuously standing on one leg. This study aimed to
examine the relationship between each of these tests with regards to dynamic balance ability.
Methodology: The subjects were 37 young males (mean age, 22.8 years; SD, 4.9 years). The time
difference between the stipulated tempo (40 bpm) and the real timing of steps in the stepping test,
the reach distance for the FR test and the fluctuation index for the BB test were selected as
evaluation parameters. In addition, the BB test used the values obtained from the manipulating leg.
Results: A significant and moderate correlation (r = 0.40, p<0.05) was found between the stepping
and the BB test. In these tests, the body receives stimulus voluntarily or involuntary. Neither the
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voluntarily shift their center of gravity forward.

stepping test nor the BB test showed significant correlation with the FR test during which subjects

Conclusion: The FR test assesses a very different functional ability than the stepping and BB tests
and this explains why the relationships were not high.

Keywords: Dynamic balance; stepping test; functional reach test; balance board test.

1. INTRODUCTION

Most activities in daily life rely on many factors,
such as the visual system [1], vestibular system
[2], somatic sensation [3] and muscle strength
[4]. Balance ability plays a very important role in
maintaining a stable standing posture. This ability
can be divided into static balance and dynamic
balance. The former is the ability to stabilize the
center of gravity within a supporting base during
static standing [5] and the latter is to move it to a
new supporting base with the stability being
interfered or to maintain a stable posture within a
supporting base by body movement [6]. There
are various types of dynamic balance ability test,
including tests that measure voluntary
movements of the body, voluntary movements of
the body while subject to stimuli designed to
make the body unstable and involuntary
movements of the body while subject to
continuous stimulation.

The stepping on the spot test, which resembles
natural gait, has been developed to assess
dynamic balance ability of the body when the
body is moving voluntarily [7-9]. This test
requires the ability to support the body on one
leg at a time [7,8] and evaluates balance ability
by step number and grounding time of feet within
a stipulated time. Although people with superior
balance ability can easily matching a step tempo
slower than their usual gait, people with inferior
balance ability find it difficult to maintain stability
on one leg for a long time. Hence it is assumed
that people with poor balance ability will have
large timing errors when attempting to follow a
stipulated tempo [9].

The functional reach (FR) test was developed to
assess a person’s ability to maintain physical
stability when adding a voluntary motion
designed to make the body unstable [6,10,11]. In
this test, subjects are asked to reach their
dominant hand out as far as possible, which
upsets the center of gravity and the reach
distance is measure. Because moving the center
of gravity forward renders posture unstable,
better balance ability exertion is necessary to
maintain stable posture. Hence, it is assumed

that persons with longer reach distances have
superior balance ability.

The one-leg standing on an unstable moving
stool test (balance board test; BB test) is used to
assess the dynamic balance ability to maintain
physical stability when the body receives
continuous involuntary stimulation [12-14].
Because the support base fluctuates on an
unstable stool at any time, subjects must
maintain posture stability under an unstable
situation. Fluctuation of the support base is a
type of disturbance stimulation and this test
requires the exertion of the balance ability
differing from the above both tests. It is assumed
that persons with small fluctuations in the center
of gravity have superior balance ability.

The tasks involved in each of the three tests are
very different. However, they have one common
characteristic in that they all test ability to
maintain stable posture while being subject to
stimulation designed to interfere with posture.
Therefore, we assumed that a subject’s results
on the three tests would show some degree of
correlation. This study aimed to examine the
relationship between the spot stepping test,
functional reach test and balance board test.

2. MATERIALS AND METHODS
2.1 Subjects

We included 37 healthy male students (age:
22.8+4.9 years, height: 172.0£5.7 cm, weight:
68.6+£8.9 kg). They did not performed sport. In
addition, they had no history of vestibular or
visual pathology, dizziness or imbalance,
neurological or orthopedic problems. Subjects’
manipulating leg (the leg used to kick a ball) and
supporting leg (the leg used to support the body
when kicking a ball) were judged using one item
(Which is the leg used to kick a ball?) from the
dominant leg survey developed by Demura et al.
[15]. Manipulating leg of all subjects was right.
The purpose and procedure of this study were
explained to all participants and informed
consent was obtained from participants. The
present experimental protocol was approved
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by the Ethics Committee on Human
Experimentation of the Faculty of Education,
Kanazawa University (Ref. No. 2012-03).

2.2 Stepping Test

The evaluation parameter of the stepping test
was the error time between on—off times of the
feet compared to a stipulated tempo, which were
measured by a step sheet (Takei Scientific
Instruments Co. Ltd. Japan). This device can
measure in real time from when a subject’s right
or left foot touched the step sheet to when his
foot left the step sheet, on the basis of foot
pressure information. The sampling frequency
was 100 Hz. The subjects stood on the step
sheet and stepped while matching the tempo
(40bpm) of a metronome.

After one practice trial, the stepping test was
performed twice for 20 s with a 1-min rest
between ftrials. The representative value was
taken from the mean. Inferior dynamic balance
ability was determined where the time difference
between real time steps and the stipulated tempo
was large.

2.3 FR Test

The FR test in this study was performed using an
elastic stick [16]. This test does not require a
large space and reach distance is easily
measured. In short, it is possible to measure
reach distance as simply as a conventional FR
test. From an upright standing position, subjects
were asked to extend their dominant hand while
touching the top of an elastic stick fixed at a
dominant acromion height on the wall. This
elastic stick can be shortened by extending a
hand forward without a large amount of force.
Anti-slip material made of rubber was attached to
the top of the elastic, so as not to move the
contact point between the top of the elastic fixed
at acromion height and the wall. Subjects were
also instructed to extend their hand as far as
possible without moving their feet. After one
practice trial, FR testing was performed twice
with a 1-min rest between trials. Their mean was
used as a representative value. Short reach
distances were assumed to indicate inferior
dynamic balance ability.

2.4 BB Test

The DYJOC Board plus (SAKAI med, Japan)
was used to evaluate balance ability while
subjects stood on one leg on an unstable stool.

This device (Fig. 1), which consists of the dome-
shaped structure attached to the lower surface of
a flat board, can slant up to 12° backward and
forward and up to 7° right and left. The built-in
sensor on the board detects anteroposterior and
right—left gradients; measurement data was thus
calculated. The fluctuation index, as described by
Ogaya et al. [12], was selected as a parameter.
Because this is the mean of absolute values of
the total amount of angles that fluctuated during
a measurement, larger values were considered
to indicate inferior dynamic balance ability. Three
trials lasting 30 s were measured for each leg
with a 1-min rest between trials. A representative
value was obtained by calculating the mean of
two and three trials.

2.5 Statistical Analysis

The intra-class correlation coefficient (ICC) was
calculated to examine the test-retest reliability for
each parameter. The relationships between each
parameter were examined by Pearson’s
correlation coefficient. The significance level in
this study was set at p<0.05. Data were analyzed
using SPSS version 11.0 for Windows software
(SPSS Inc. Tokyo, Japan).

3. RESULTS

Fluctuation indices of BB test were better for the
manipulating leg (328.6+106.3) than for the
supporting leg (351.4+£124.9) (t = 2.32, p<0.05).
Hence, we used the former as a parameter of the
BB test in this study. Table 1 shows the basic
statistics, [CCs and correlation coefficient
between each parameter. ICCs of each
parameter were very high (0.82-0.94). A
significant moderate correlation was found
between the stepping and BB tests (r = 0.40). No
significant correlation was found between any
other parameters.

4. DISCUSSION

In this study, it was assumed that the stepping
test, FR test and BB test could assess various
dynamic balance. Noguchi et al. [14] reported
that results for the manipulating leg were
superior to the supporting leg results on the BB
test. In this study, we confirmed that the
manipulating leg was superior on the BB test
(see Methods). In this study, dynamic balance
ability was evaluated using results of the
manipulating leg. Shin and Demura [9], Shin and
Demura [17] and Honaker et al. [18] described
the validity and specificity of the step test.
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Surface

Fig. 1. The DYJOC board plus

Table 1. The basic statistics, ICCs and correlation coefficient of the between each parameter

M MAX MIN ICC r
a b
a. Stepping test 0.055 0.016 0.094 0.020 0.82
b. Functional reach test 40.54 6.86 55.0 26.0 0.94 0.05
c. Balance board test 328.6 106.3 578.4 165.2 0.93 0.40° 0.09

Note) M: mean value, SD: standard deviation, MAX: maximum value, MIN: minimum value,
ICC: intra-class correlation coefficient, r: pearson’s correlation coefficient, *: p<0.05

Toyama and Fujiwara [19] reported that a 120-
bpm (40 step/20 s) tempo was the most efficient
interval during walking. Shin and Demura [9],
Shin and Demura [17] and Yamaji et al. [20]
reported that among 120 bpm, 60 bpm and 40
bpm tempos, which correspond to 1/2 and 1/3
intervals of 120 bpm, the 40 bpm tempo was the
most challenging. Yamaiji et al. [20] reported, in a
study of young male subjects, that a 40-bpm
tempo was more difficult than 60-bpm or 120-
bpm tempo on the stepping test; therefore, the
40-bpm tempo was effective in assessing
dynamic balance ability and was used in this
study. In addition, it was confirmed that ICC of all
tests was high (20.82).

All tests have one common characteristic, i.e.
they all test the ability to maintain a stable
posture while being subject to stimulation, which

is designed to interfere with stability of the
posture. No significant relationship was found
between the FR test and the stepping and BB
tests. Liao and Lin [21] reported a strong
relationship between center of pressure (COP)
displacement and ankle mobility. According to
Jonsson et al. [22], movement during the FR test
was characterized by a large forward rotation of
the trunk and extension of the ankle. Because
the movement required in the stepping test
resembles normal walking, ankle movements are
accompanied at heel strike and toe off. Ankle
strategy is considered important on the BB test,
because the ankle has a split second to adjust on
an unstable moving stool. A relationship was not
found between the FR test and the stepping and
BB tests. Ankle movements are involved in all
tests, but the mechanisms are different. In short,
the foot leaves the floor during the stepping test.
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The feet are grounded during the BB and FR
tests. During the former extension—flexion of the
ankle is continually required in all directions and
during the latter only extension is required.

Takeshima and Rogers [6] reported that although
the FR test is easy to administer, it only
assesses one-way balance ability. Continuous
COP movements involved in the stepping and
BB tests differ from those involved in the FR test
[9,14]. It is considered that the mechanisms of
dynamic balance ability needed to maintain
physical stability while subject to a disturbing
stimulus (such as during the FR test) are
different to the mechanisms needed to maintain
dynamic balance during the stepping and BB
tests.

The stepping and BB tests assessed dynamic
balance ability. During the former, the body
moves and during the latter, the body receives
continuous involuntary stimulation. The tests are
different; however, it was hypothesized that the
tests were measuring related aspects of balance.
A significant moderate correlation was found
between the stepping and BB tests (r = 0.40).
The BB test involves standing on an unstable
moving stool with one leg and the stepping test
involves matching stepping tempo on one leg. In
short, an unstable situation during a one-legged
standing posture exists in both tests. Hence, it is
considered that the above relationship was found
because both tests involve the ability to maintain
stability on one leg.

Zatsiorsky and Kraemer [23] reported that even if
the movement pattern of the balance test is
similar, the mobilization pattern of the potential
nerve—muscle involved and the proprioceptive
organ feedback may be different. In addition,
Kawabata et al. [24] reported a moderate
relationship between tests that involve both legs
to stand on an unstable moving stool and the
“COP tracking tests” (r = 0.43) and that both
types of tests assess different balance. In this
study, we found a significant relationship
between the stepping and BB tests; however, it
was not high (determination coefficient: 16%).
The tests differed in motion stimulation involved
voluntary motion and the other involuntary
motion. From the results of the present study, it
is considered that very different functional ability
is related to each of these tests.

5. CONCLUSION

All tests have one common characteristic, they
all test the ability to maintain a stable posture

while being subject to stimulation, which is
designed to interfere with stability of the posture.
As a result, the FR test is related to a different
ability than the stepping and BB tests. However,
the relationships between the latter two dynamic
balance tests are not as high. In the next
research, increasing the benefit of dynamic
balance ability tests for clinical use.

ACKNOWLEDGEMENTS

Research funds were not provided by any
institution.

COMPETING INTERESTS

Authors have declared that no competing

interests exist.

REFERENCES

1. Lord SR. Visual risk factors for falls in older
people. Age and Ageing. 2006;35(2):ii42-
ii45.

2. Choy NL, Johnson N, Treleaven J, Jull G,
Panizza B, Brown-Rothwell D. Balance,
mobility and gaze stability deficits remain
following surgical removal of vestibular
schwannoma (acoustic neuroma): An
observational study. Australian Journal of
Physiotherapy. 2006;52(3):211-216.

3. Lord SR, Clark RD, Webster IW. Postural
stability and associated physiological
factors in a population of aged persons.
The Journal of Gerontology.
1991,46(3):69-76.

4. Aniansson A, Rundgren A, Sperling L.
Evaluation of functional capacity in
activities of daily living in 70-year-old men
and women. Scandinavian Journal of
Rehabilitation Medicine. 1980;12(4):145-
154.

5. Urushihata T, Kinugasa T, Soma Y,
Miyoshi H. Aging effects on the structure
underlying balance abilities tests. Journal
of Japanese Physical Therapy Association.
2010;13(1):1-8.

6. Takeshima N, Rogers ME. Theory and
practice of the balance exercise for the fall
prevention. Tokyo: Nap; 2010.

7. Hill K, Bernhardt J, Mc Gann D. A new test
of dynamic standing balance for stroke

patients: Reliability, validity and
comparison with healthy elderly.
Physiotherapy Canada. 1996;48(4):257-
262.

575



10.

11.

12.

13.

14.

15.

Sugiura and Demura; AIR, 3(6): 571-576, 2015; Article no.AIR.2015.052

Nakada M, Demura S, Kitabayashi T,
Imaoka K. Reliability and interrelationship
between parameters evaluating dynamic
balance for the elder people based various
step movements. The Journal of Education
and Health Science. 2002;48(2):226-232.
Shin S, Demura S. Relationship between
the step test with stipulated tempos and
gait ability in the elderly. Journal of
Physiological Anthropology. 2009;28(2):49-
54.

Duncan PW, Weiner DK, Chandler J,
Studenski S. Functional reach: A new
clinical measure of balance. Journal of
Gerontology. 1990;45(6):192-197.

Duncan PW, Studenski S, Chandler J,
Prescott B. Functional reach: Predictive
validity in a sample of elderly male
veterans.  Journal of  Gerontology.
1992;47(3):93-98.

Ogaya S, lkezoe T, Tsuboyama T,
Ichihashi N. Postural control on a wobble
board and stable surface of young and
elderly people. Physical Therapy science.
2009;24(1):81-85.

Ogaya S, lkezoe T, Soda N, Ichihashi N.
Effects of balance training using wobble
boards in the elderly. The Journal of
Strength and Conditioning Research.
2011;25(9):2616-2622.

Noguchi T, Demura S, Nakagawa T.
Posture stability during a one-leg stance
on an unstable moving platform and its
relationship with each leg. Perceptual and
Motor Skills. 2013;116(2):555-563.

Demura S, Sato S, Sugiura H. Lower limb
laterality characteristics based on the
relationship  between  activities and
individual laterality. Gazzetta Medica
Italiana. 2010;169(5):181-191.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Demura S, Yamada T. Simple and easy
assessment of falling risk in the elderly by
functional reach test using elastic stick.
The Tohoku Journal of Experimental
Medicine. 2007;213(2):105-111.

Shin S, Demura S. Effective tempo of the
step test for dynamic balance ability in the
elderly. Journal of Physiological
Anthropology. 2007;26(6):563-567.
Honaker JA, Boismier TE, Shepard NP,
Shepard NT. Fukuda Stepping Test:
Sensitivity and Specificity. Journal of the
American  Academy of  Audiology.
2009;20(5):311-314.

Toyama H, Fujiwara K. Interference of
upper limbs exercise with different
automatized levels. Physical Fitness
Sports and Medicine. 1990;39(1):44-52.
Yamaji S, Demura S, Shin S, Aoki H,
Yamamoto Y. Comparison of stepping
parameters and center of foot pressure
properties during different tempo stepping
movements. Health. 2012;4(10):832-837.
Liao CF, Lin SIl. Effects of different
movement strategies on forward reach
distance. Gait and Posture. 2008;28(1):16-
23.

Jonsson E, Henriksson M, Hirschfeld H.
Does the functional reach test reflect
stability limits in elderly people? Journal of
Rehabilitation Medicine. 2003;35(1):26-30.
Zatsiorsky VM, Kraemer WJ. Science and
practice of strength ftraining. lllinois:
Human Kinetics; 1995.

Kawabata H, Demura S, Uchiyama M,
Takahashi K. Relations among dynamic
balance tests and a coordination test using
center of pressure to pursue a randomly
moving target. Perceptual and Motor Skills.
2013;117(3):811-820.

© 2015 Sugiura and Demura; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php?iid=758&id=318&aid=7115

576



