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Conclusions:

It was aimed to measure the effects of single-leg stance on measuring the individual postural limits and
balance skills of elderly adults.

The present study involved a total of 360 elderly adults aged between 70 and 80 years. The participants
were divided into two groups as 187 individuals in experiment group (99 women / 88 men) and 173
individuals in control (94 women / 79 men). In measuring the risk of fall and balance skills, the Functional
Reach Test, Timed up and go Test, and Single Leg Stance Test were used. The participants in experiment
group were asked to stand on one foot for a total of 4 minutes (2 minutes in morning and 2 minutes in
evening) every day while brushing their teeth for 50 weeks. Since the data showed normal distribution, the
independent samples t-test was used in determining the intergroup difference, whereas the dependent
sample t-test was used in determining the intragroup pretest-posttest difference.

It was determined that there was a significant relationship between elderly adults’ balance skills and
4-min/day single-leg stance practice (p<0.05). In all the tests, it was found that the balance skills of women
and men have improved and men had better values in comparison to women.

It is thought that, via simple procedures such as lifting up one foot while brushing the teeth, the balance
skills of elderly adults can be improved, the risk of fall can be reduced. They can be supported in terms of

living an independent life.
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Introduction

Aging, which is considered as a non-modifiable
risk factor [1], is seen as a natural process [2]. This
process is closely related with cell distribution [3].
Although developed countries used the term “elder” for
the individuals aged 65 years or higher and receiving
retirement salary, World Health Organization (WHO)
defines the individuals turning 60 years of age as
“elderly” [4]. Together with aging developing due to
cell distribution, cognitive losses [1, 5], visual and
hearing losses [1], degradations in the neural system and
cardiovascular system, and decreases in muscular force
are observed [6, 7]. These disorders negatively affect the
balance by causing insufficiencies in the musculoskeletal
system [8]. Together with aging causing degradation in
motor development, losses are observed in endurance,
strength, flexibility, and especially balance skills [5, 9].
The insufficiency of balance, which is among the motor
skills, negatively affects the elderly adults’ independent
life and poses an important risk factor [10].

Balance plays a role in human life more important
than thought [11] and is a fundamental requirement for
posture and movement. Without a strong balance, it would
not be possible to stand up, walk, run, or even climbing
up the stairs [12]. The multilateral structure of balance
caused the term “balance” to be defined in different
ways in scientific disciplines such as chemistry, physics,
medicine, and sports [13]. Chemistry defines balance
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as the temporally non-changing conditions of reacting
materials [14, 15], whereas physics defines the concept
of static and dynamic balance as the balance of an object
or that of forces influencing the object [16]. In medicine,
unlike physics and chemistry, balance is considered from
physical and psychological aspects (13). Physical balance
is defined as the constant condition of body in a stable or
moving position, whereas psychological balance defines
a mental condition characterized with emotional balance
[13]. From the perspective of sports sciences, Fleishmann
[17] structured the balance as static, dynamic, and object
balancing. Static balance is characterized with body’s
return to its anatomic position after every movement [18],
whereas dynamic balance refers to the protection of balance
during a movement [19]. Balancing with an object refers
to the effect of any object on the body for keeping the body
in balance [13]. Considering the definitions provided, it is
thought that balance has significant importance in human
life, especially in old ages. The physiological changes
brought by aging should be considered not only from
the biological aspects but also from the temporal aspect.
The biological changes that are not controlled by humans
have 30% effect on aging, whereas the resting 70% is
determined by the lifestyle of individual [20]. However,
biological changes such as visual, hearing, taste, neural
system, cardiovascular system, etc. having 30% effect in
aging are thought to play a vital role for a healthy life by
protecting the balance of body.

The prerequisite of stabilization of the balance is to
have a strong sight [21]. Aging negatively affects the
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balance by causing many changes in the sight such as
weakening visual capacity and perception [22].

The structural changes in the neuromuscular system
decrease the reflex modulation, cause fatigue, and lead to
loss of strength as a result of the decrease in muscle mass
[6, 7] and, as a result of the loss of strength, the reflexes
to external stimulants would not occur in coordination
[23]. Moreover, together with the strength losses to occur,
the postural system would need longer reaction times for
compensating the loss of balance [24].

The changes in the neural system occur in forms of
decrease in links between the nerve cells, a reduction in
transmission and response time, a decrease in cognitive
performance, and increasing fatigue [12, 25-27]. This
limited performance in the neural system causes a decrease
in balance, movement control, and reaction time [12, 25,
27]. The decrease in speed of the neural system lays the
foundation for distortion of balance by being incapable
of responding to the stimulants required for keeping the
body balance [21] and it also decreases the reliability of
coordination and concentration skills [28].

The changes in cardiovascular system cause
hypertension, high levels of resting and exercising heart
rates [12], vasoconstriction [29], and a decrease in
adaptation capacity [30]. It is thought that the changes
in the cardiovascular system would negatively affect the
balance [12, 29].

The age-related decrease in coordinative skills occurs
slower than conditional skills. It was reported that the
decrease in balance skills starts at the age of early 40s and
a significant decrease is reached since the age of 60 [19,
31-37] and these losses reach a remarkable level after the
age of 80 [5, 9].

The performance decreases in elderliness are
inevitable but regular physical activity and exercises
might significantly delay the onset of balance problems
and keep the balance skills at a high level [12]. Lack of
exercise might cause a decrease in balance skills even at
the ages of 30s or 40s; this problem may reach a higher
level at the early 50s and, more importantly, this problem
can be only slightly reversed through exercise after 50s
[38].

Besides the age-related biological, physiological,
psychological, and social changes, also the age-related
changes in balance skill is thought to negatively affect
the lives of elders and, together with these changes, the
decrease in birth rate and increase in life expectancy
might pose a problem for the balance skill. In Germany,
the birth rates decreased since 2012 and the population
aged 70 years and higher increased from 8 million to 12
million [39]; it can be seen that, especially because of the
decrease in balance skills of individuals aged more than
70 years, rate of fall incidents increases and 53% of fall
incidents occur while walking [23].

It was observed that 55% of the German population
aged >70 years remain distant from exercise [40], that the
elders not doing exercise constitute the majority of fall
cases, and motivation and time problem come forefront as
the reasons for not doing exercise [41].
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Hypothesis: Standing on one foot for only 4 minutes
a day while brushing teeth without making extra effort
would improve the balance skills of elders and decrease
the risk of fall.

Objective: In literature, there is no study examining
to what extent standing on one foot for 4 minutes while
brushing the teeth affects the balance. Based on this idea,
it is aimed to bridge the gap in literature regarding the
effects of single-leg stance for 4 minutes during tooth
brushing on the balance skills of elderly adults and to
examine the risk of fall.

Material and methods

Participants.

The present study involved a total of 360 elderly adults
divided into two groups as 187 individuals in experiment
group (99 women /88 men) and 173 individuals in control
(94 women/79 men). The participants in experiment
and control groups were randomly selected among the
individuals registered in Rehabilitation Sports Program in
Germany TV Eberbach Rehabilitation Sports Unit.

The individuals having dizziness, severe balance
problem, bone loss, stroke, concurrently participating in
another sportive test, having physical disorder preventing
the independent movement capacity, having amputation
history, and showing symptoms preventing single-leg
stance were not involved in the study.

Data collection was performed in accordance
with the provisions of “Federal Data Protection Law
(Bundesdatenschutzgesetz)” (BDSG). The required
approvals were obtained from relevant federation and
Germany TV Eberbach e.V. Rehabilitation Sports
Department (TVE/GS 2018-012900). The involvement is
based on the principle of voluntariness. The participants
were informed about the objective, content, and data
protection of the study and their written consents were
obtained.

Research Design

Activity Protocols: The period of 50 weeks was
determined in accordance with the receipts prescribed by
the physicians and the participation in the program was
followed using a signature list. Pretest and posttest were
used in determining and comparing the improvements in
balance skills.

In determining the comparison groups, significant
attention was paid to ensure achieve groups as
homogeneous as possible in terms of age and fitness.
None of the participants have done performance sports or
active for a long time.

In experiment group, the participants were asked to
stand on one foot during tooth brushing (2 minutes in
morning and 2 minutes in evening) for 50 weeks. The
4-minute period was divided into 8 30-second parts.
During 2-min tooth brushing in morning, the participants
were asked to keep their eyes open and stand on their
dominant leg for 30 seconds, then change the leg, and
then repeat the process with their eyes closed. The
same practice was repeated while brushing their teeth in
evening.



Considering the risk of fall, the participants were asked
to perform the eyes-closed process by getting support and,
when needed, pass the eyes-closed process and perform
the eyes-open one. In order to increase the motivation
of participants, a follow-up table or label to be attached
to the mirror while brushing the teeth was prepared. The
participants were asked to mark the table after every tooth
brushing and single leg stance procedure. In order to
support participants to not forget the practice, a warning
“open/close eye and lift up the leg” was added to the label.
In order to prevent an effect on the results, the participants
were asked to avoid standing on one foot except for the
4-min tooth brushing practices if possible and to continue
their normal daily activities.

Control group received no special program and they
maintained their normal daily lives.

Weight/height measurements: The measurements were
performed using Seca 769 digital body weight/height
measurement device automatically calculating body
height, weight, and BMI values.

Data Collection Tools: In the present study, the
static and dynamic balance skills were measured using
Functional Reach Test [42], Timed up and go Test [43],
and Single Leg Stance Tests. The data were collected
between May 2018 and June 2020. Before the test, each
test item was demonstrated in practice and attention was
paid that participants were not tired.

Functional Reach Test (FRT): Developed by Pamela
W. Duncan, an American researcher, in year 1990, FRT
is a motoric function test used for measuring the personal
posture limits in daily life (42) and this test is used while
measuring the risk of fall due to the lack of balance. In
determining the balance problems in elderly adults, it
is a very easy, rapid, and practical single-item dynamic
balance test scored with simple norm values. The subject
stands upright nearby a wall while keeping legs at shoulder
width and single arm extended at the shoulder height. The
subject should be as close to the wall as possible without
touching it. The extended hand is kept in fist form and the
subject is asked to extend his fist as further as possible
without losing balance. The distance reached is measured
using a ruler from the upper bone of the middle finger. In
order to achieve the maximum extension, the feet should
be level on the floor, no step must be taken, and the hand
should be kept at the level of ruler without touching the
wall. In order not to influence the test result, turning the
body is not allowed. The distances shorter than 15.2 cm
refer to high risk of fall, whereas the distances between
15.2 and 25.4 cm refer to moderate risk, and the distances
longer than 25.4 cm refer to a low risk of fall [44].

Weiner et al. [45] reported that individuals having
extension lengths more than 25 cm have low risk of
fall, and this risk increased by two folds for those with
extension length of 15-25 cm and four folds for those
having extension length of 5-15 cm, whereas those
having 0 cm extension length have eight times higher risk.
The longer the length is, the lower the risk of fall is [42].
The distance shorter than 17.5 cm refers to a limitation of
movement and it is at a level that would negatively affect

the daily life activities [42]. Every participant was given

three chances and the best score was considered. For the

individuals with risk of fall, cross belts were attached at
the shoulder and back positions and interventions were
made by pulling backwards in cases of any risk.

Timed up and go Test (TUG): Developed in 1986 [46]
with the name of “Get up and Go”, this test was modified
by Podsiadlo and Richardson [43] as “Timed up and go”
test.

Used in determining the mobility, body balance, and
risk of fall occurring consequently, TUG can be applied
easily and fast without need for any special instrument
of field information. The subject is sat on a chair, which
has approx. 46 cm of height, leaning back. Without any
external help, the subject stands up, walks 3m distance,
and comes and sits back again [47]. The duration of this
process is recorded. Podsiadlo and Richardson [43]
recommend making evaluations considering the following
points.

- Duration shorter than 10 seconds: Elderly adults have
unlimited mobility and they can independently move,

- 11 — 20 seconds: Elderly adults have a very slight
limitation of movement,

- 20 — 29 seconds: Elderly adults have limitation of
balance, walking, and function, support might be
needed,

- Longer than 30 seconds: There is a significant
movement disorder and intense support and care are
needed [43].

A 46 cm-high chair has been used in the original
test. However, considering the differences between
participants’ heights and in order to ensure the standards
for each participant, a chair with adjustable height was
used in order to obtain 90° angle between upper and
lower legs in sitting position. In order to prevent slides,
the chair was fixed on the floor and the test procedure
was conducted with shoes on. Each participant was
given a single chance and the time was measured using
chronometer. When the test couldn’t be understood
or when there is an obvious problem (such as released
shoelaces), the test was repeated. The measurement was
started when the back left the backrest unit and ended
when the hips contacted the chair.

Single Leg Stance Test (SLST): In addition to the
tests performed, a single leg stance test was conducted
with participants with eyes open and closed. Single leg
stance has been implemented in many studies and has no
standard. In the present study, both legs were separately
tested with eyes open and closed. The studies have been
carried out determining different durations such as 5
seconds [48], 10 seconds [49], 15 seconds [50], 20 seconds
[51], 25 seconds [52], 30 seconds [53], 45 seconds [54],
and the longest duration possible [55]. However, the test
procedure remained similar in tests. The subject wearing
no shoe lifts one leg on a hard floor and stands in that
position for the requested time. The result is recorded
as success or failure. In the present study, no second
limitation was applied and the duration of keeping the
position was recorded in seconds. The participant started
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the test with the leg they desired. The test was ended
when the foot was lifted or moved. Every participant was
given a single chance and the time was recorded using
chronometer.

The tests were performed in the order of FRT, TUG,
and then SLST. Test items were applied separately
for every participant. One week before the test, the
participants were asked to participate in the application
with no fatigue, if possible. In order to minimize the
errors, the participants were informed about each test
item in practice, necessary explanations were made, and
the questions of participants were answered. All the tests
were performed without warming up or practicing.

Statistical Analysis

The data analyses (IBM SPSS 26-for Mac) were
performed using descriptive statistical analysis (mean,
standard deviation, minimum, and maximum) in order
to define the characteristics of the study group. The
skewness-kurtosis values were used in order to determine
if the data were normally distributed. Since the normality
test (Skewness-Kurtosis) yielded a result between -2 and
+2 [56], the data distribution was accepted to be normal
and the difference between experiment and control
groups was analysed using independent sample Student-t
test, whereas dependent sample Student-t test was used
in examining the intragroup pretest-posttest difference.
The statistical significance was set at p<0.05 for the
comparisons.

Results

The study involved a total of 360 elderly adults aged
between 70 and 80 years, 187 individuals (99 women/88
men) in experiment group and 173 individuals (94
women/79 men) in control group. Of the participating
elderly adults, weight, height, age, and Body Mass Index
(BMI) are presented in Table 1as mean/standard deviation
and minimum and maximum values.

Given the values in Table 1, it can be seen that, in
experiment group, the mean age and height values of
women were higher than men, whereas women have

lower mean weight and BMI values. In control group,
men had higher mean body height and weight values and
lower mean age and BMI.

The mean values and standard deviations obtained
from intragroup pretests and posttests in experiment
and control groups are presented in Table 2. According
to the statistical analysis of intragroup comparisons in
experiment group, in which the 4 min/day (2 minutes
in morning and 2 minutes in evening) single leg stance
practice was applied while brushing teeth at home for 50
weeks, no statistically significant difference was observed
in TUG test among women in experiment group (p>0.05),
it was determined that there were statistically significant
differences in pretest-posttest comparisons in all the
remaining tests (FRT, eyes open right leg, eyes open left
leg, eyes closed right leg, eyes closed left leg) (p<0.05).

According to the pretest and posttest results, there
was a statistically significant difference in eyes open right
leg test in control group (p=.038), whereas there was no
statistically significant difference in FRT, TUG, eyes open
left leg, eyes open left leg, eyes closed right leg, and eyes
closed left leg tests (p>0.05).

In Table 3, there are the independent sample t-test
mean values and standard deviations obtained from pretest
and posttests in experiment and control groups. The
results suggested that there was no statistically significant
difference between women and men in experiment and
control groups in all the pretests (p>0.05), whereas there
was a statistically significant difference in TUG posttest
among women (p<0.05).

It was determined that there was no significant
difference between men in TUG (p=.059) and eyes open
left leg (p=.056) posttests, whereas there were statistically
significant differences between the groups in FRT, eyes
open right leg, eye open left leg, and eyes closed right leg
tests (p<0.05).

In general, it was determined that the balance skills of
women and men developed in all the tests and men had
higher scores than women.

Table 1. Mean, standard deviation, minimum, and maximum height, weight, age, and BMI values of participants in

experiment and control groups

Experiment Group

(Women n=99, Men n88)

Items Gender Mean1SD Min
Age (years) Women 75.6£3.00 70.0
Men 73.94£2.93 70.0
. Women 165.9+6.34 156.0
Height (cm)
Men 175+7.30 159.0
. Women 72.61£8.68 58.00
Weight (k) Men 767642  66.00
VKI (kg/m?) Women 26.312.24 22.10
Men 25.0+1.79 21.9

Control Group

(Women n=94, Men n=79)

Max Mean+SD Min Max
80.0 75.242.12 70.0 80.0
80.0 74.313.36 70.0 80.0
178.0 165.2+8.22 151.0 190.0
190.0 173.4+9.63 157.0 193.0
98.0 73.6+11.1 55.0 106.0
96.0 75.4+9.27 58.0 94.0
33.1 27.1+4.12 22.5 40.1
31.2 25.143.20 21.34 34.8

SD: standard deviation, BMI: Body mass index (weight/height? ), Min: Minimum, Max: Maximum
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Table 2. Pretest and posttest results of experiment and control groups in FRT, TUG, eyes open right leg, eyes open left
leg, eyes closed right leg, eyes closed left leg (Paired Sample t-Test)

Items

FRT (cm)

TUG (s)

Eyes open
right leg (s)
Eyes open
left leg (s)
Eyes closed
right leg (s)
Eyes closed
left leg (s)

Gender

Women
Men
Women
Men
Women
Men
Women
Men
Women
Men
Women
Men

Experiment Group (n=187)

Control Group (n=173)

pretest posttest pretest posttest

MeantSD MeantSD t p MeantSD MeantSD t p
20.0+4.21 23.4+3.44 -8.02 .000** 19.7+3.78 20.1+3.63 -1.69 .094
25.9+2.85 29.7+3.35 -8.86 .000**  26.3+3.02 25.9+2.85 1.97 .052
14.1+1.89 13.6+2.10 1.67 .097 14.3+1.92 14.2+2.26 461 .646
12.842.28 12.1+2.43 2.64 .010* 12.612.19 12.8+2.43 -1.15 251
14.3+2.45 19.5%4.98 -9.25 .000** 13.9+2.24 14.5+3.63 -2.10 .038*
19.1+5.49 26.9+6.76 -8.34 .000** 19.8+5.28 20.1+5.11 -1.72  .089
8.29+2.09 11.3+2.72 -10.1 .000** 8.45+2.13 8.34+2.11 491 .624
10.2+¢3.24 12.3+2.69 -6.11 .000** 9.91+3.33 10.1+2.96 -1.06 .292
3.35+1.28 4.62+1.70 -5.47 .000**  3.22+1.40 3.12+1.40 1.57 118
4.20+1.69 7.43+2.52 -11.7 .000** 4.43t1.63 4.50+1.73 -.668  .495
1.96+1.04 3.41+196 -6.57 .000** 2.15+1.11 2.08+1.08 .943 .348
4.02+1.87 4.65+2.02 -2.64 .10* 4.22+1.78 4.08t1.77 1.65 .101

*p<0.05, **p<0.001, SD: standard deviation, FRT: Functional Reach Test, TUG: Timed Up & Go test

Table 3. Independent sample t-test results of pretest and posttest in experiment and control groups (Women-Men)

Items

FRT (cm)

TUG (s)

Eyes open right
leg (s)

Eyes open left
leg (s)

Eyes closed
right leg (s)

Eyes closed left
leg (s)

Gender Test
pretest
Women
posttest
pretest
Men
posttest
pretest
Women
posttest
pretest
Men
posttest
retest
Women P
posttest
pretest
Men
posttest
pretest
Women
posttest
retest
Men P
posttest
retest
Women P
posttest
pretest
Men
posttest
pretest
Women
posttest
retest
Men P
posttest

Experiment Group

Women n=99

Men n=88
Mean+SD
20.0+4.21
23.4+3.44
25.91£2.85
29.7+3.35
14.1+£1.89
13.612.1
12.842.28
12.1+£2.47
14.3+2.45
19.5+£4.98
19.1545.49
26.916.76
8.29+2.09
11.3£2.72
10.21£3.24
12.1+£2.69
3.35+1.28
4.62+1.70
4.204£1.69
7.43+2.52
1.96+1.04
3.41+1.96
4.02+1.87
4.6512.02

Control Group

Women n=94

Men n=79
Mean+SD
19.74£3.78
20.1+3.63
26.31£3.02
25.9+2.85
14.3£1.92
14.2+£2.26
12.64£2.19
12.8+2.43
13.9+2.24
14.5+£3.63
19.845.28
20.1+5.11
8.45+2.13
8.34+2.11
9.91+3.33
10.1£2.96
3.22+1.40
3.12+1.40
4.4311.63
4,50£1.73
2.15+1.04
2.08+1.08
4.22+1.78
4.08+1.77

t
421
6.55
-.931
7.92
-.837
-1.80
.663
-1.90
1.04
7.87
-.854
7.30
-.540
8.41

.687
4.55
.670
6.63
-.873
8.64
-1.22
5.77
-721
1.92

*p<0.05, **p<0.001, SD: standard deviation, FRT: Functional Reach Test, TUG: Timed Up & Go test
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.674
.000
.353
.000
.403
.073
.508
.059
.296
.000
394
.000
.590
.000
493
.000
.503
.000
.384
.000
222
.000
472
.056
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Discussion

In general, the lower level of body oscillation is related
to a high level of postural control [57]. By applying the
accurate tests, this association can be analyzed at the
highest level and, by determining how a program should
be prepared, it might be useful in reducing the health risks
[58, 59]. It was reported that the balance skill decreases
with advancing age [12] and the static balance level of an
elderly adult at 60-70 years of age equals to a 10-year-old
child [19], it should be considered that the difficulty of
the test applied to determine the balance skills of elderly
adults might positively or negatively affect the results [20,
6]. When compared to other motor skills, the balance skill
can be trained faster [60] and it might be advantageous
if the practices performed during balance training are in
form of non-tiring exercise for elderly adults [20, 55]. It
was stated that the reduction in balance skill depending on
the motor skills degrading with advancing age might be
compensated via regularly performed balance exercises
[12, 19, 20, 61, 62]. In the present study, it is found that
a simple exercise by standing on one leg for 4 minutes
a day while brushing the teeth for 50 weeks positively
contributes to the balance skills of elderly adults aged
between 70 and 80 years.

In their studies, Aksay [20], Belurosova [63],
Espenschade and Eckert [64], Heidemann [55], Rikli and
Edwards [65] and Wydra [50], reported that coordination
exercises yielded very good results in terms of improving
the balance skills and these results are similar to those
reported in the present study.

In their study, Weiner et al. [45] examined the elderly
men’s risk of fall by using FRT and they reported that
those reaching forward by 25 cm have a low risk of fall.
The results obtained showed that men can reach forward
by 29.7 cm and this finding indicates that they have a low
risk of fall.

Duncan et al. [66] reported that the longer the distance
covered in FRT test is, the lower the risk of fall is and
that the values lower than 17.5 cm negatively affect the
mobility and daily life activities. The FRT scores obtained
in the present study were higher than 17.5 and it can be
interpreted that the mobility and daily life activities of
participating elderly adults are not negatively affected.
Similarly, Rookwood et al. [67] carried out a study on a
group with a mean age of 78.1 years and they reported
similar results by determining the FRT score to be 29
cm. However, in their study on a group with a mean age
of 81.4 years, Thomas and Lane [68] reported the FRT
scores to vary between 15.5 and 19.4 cm a, which were
lower than the results obtained in the present study.

There are remarkable differences between the TUG
results reported in previous studies. Rookwood et al. [67]
reported 12 seconds for a group with a mean age of 78.1
years, whereas Thomas and Lane [68] reported a time of
29 seconds for a group with a mean age of 81.4 years. The
results obtained in the present study were in parallel with
those reported by Rookwood et al. [67] and lower than the
results reported by Thomas and Lane [68].

It can be stated that different durations were applied
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in assessing the single-leg-stance test in literature. It
can be seen that, in the previous studies, the assessments
were performed over 30 seconds and it was reported that
elderly adults with single leg stance duration longer than
30 seconds have higher balance capacity and lower risk
of fall [54, 69, 70] and this rate is higher among elderly
individuals aged older than 70 years [71]. Lower values
of single leg stance were obtained in the present study in
comparison to the previous studies.

However, in their study carried out on 316 subjects,
Vellas et al. [48] took 5-sec as a basis and they reported
that 267 subjects could stand on one leg for 5 seconds
unassisted, whereas 49 subjects could less than 5 seconds
and showed that they have a higher risk of fall [48]. The
data obtained from the present study were higher than
those reported by Vellas et al. [48] and it can be assumed
that the participating elderly adults have a low risk of fall.

Similarly, in their study carried out with 482 elderly
adults with a mean age of 74 years and having a risk
of fall, Vellas et al. [72] reported that single leg stance
exercises can positively contribute to the balance skills of
elderly adults and they reported results that are similar to
the results reported in the present study.

In their studies, Bohannon et al. [70] and Verma et al.
[73] reported that there was no difference between right
leg and left leg. However, in the present study differing
from the previous ones, it was determined in the posttests
of experiment group that women’s score in eyes open
right leg was 7 seconds higher than eyes open left leg and
the difference was 14 seconds for men.

In the present study, it was observed in the single leg
tests that the participants had lack of confidence and this
lack of confidence was, as expected, at a higher level in
eyes-closed practices. Woollacott and Jensen [37] reported
that, when compared to young individuals, elderly adults
had a slower transmission of sensorial information in the
eyes-closed exercises and, thus, the balance performance
decreased with increasing lack of confidence. Similarly,
Bernstein [ 74] pointed out that the optic analyzers become
more important as the age advances, while Meusel [12]
emphasized that the balance performance of elderly adults
significantly decreased when visual control was shot down
and, from this aspect, the risk of fall increased at low light
or at darkness. In tests performed with eyes closed, Verma
et al. [73] obtained lower scores when compared to the
tests performed with eyes open. The results obtained in
the present study show that, in parallel with the results
reported in previous studies, the values obtained from the
exercises performed with eyes closed were lower.

Conclusion

In conclusion, implementing target-oriented simple
practices to be performed on regular basis was found to
have a statistically significant relationship with balance
skill improvements of elderly adults. Besides that,
undoubtedly, the uncertainties in balance increase with
advancing age and, consequently the risk of fall increases.
Based on the data obtained, it can be assumed that, by
making use of simple exercises in daily life such as lifting



one leg while brushing the teeth, the balance skills of
elderly adults can be improved without making an extra
effort, the risk of fall can be reduced, and they can be
assisted for an independent life. For this reason, the
balance training to be added to the exercise program of
elderly adults should be considered as an integral part of
the program.

Funding
This research received no external funding.

Conflicting interest
The author declares no conflict of interest.

References

1. Kolasse LT, Glockner F, Leirer V, Diener C. Neuronale
Plastizitdt bei gesundem und pathologischem Altern
[Neural plasticity in healthy and pathological
aging]. In: Schott N, Munzert J, editdrs. Motorische
Entwicklung  [Motorical development]. Gottingen:
Hogrefe-Verlag; 2010. p. 41-65. (In German).
https://doi.org/10.1007/978-3-642-14353-3_4

2. Schumpelick V, Vogel B, editor. Demografischer Wandel und
Gesundheit Losungsansdtze und Perspektiven [ Demographic
Change and Health Solution Approaches and Perspectives].
Freiburg im Breisgau: Herder; 2014. (In German).

3. Schachtschabel DO. Zur Definition des Alterns:
Humanbiologische Aspekte [On the definition of aging:
human biological aspects]. In: Schumpelick V, Vogel B,
editors. Alter als Last und Chance. Beitrdige des Symposiums
vom 30. September bis 03. Oktober 2004 in Cadenabbia.
[Age as a burden and an opportunity. Contributions to the
symposium from September 30th to October 3rd, 2004 in
Cadenabbia]. Freiburg: Herder;2005. p. 52—66. (In German).

4. WHO-Ageing and health. [Internet]. 2018 [cited 2020 Dec
18]. Available from: https://www.who.int/news-room/fact-
sheets/detail/ageing-and-health

5. Witte K. Motorik im Alter. Ausgewdhlite Themen der
Sportmotorik fiir das weiterfiihrende Studium (Band
2) [Motor skills in old age. Selected topics in sports
motor skills for further studies (Volume 2)]. Berlin,
Heidelberg: Springer Spektrum; 2018. (In German)..
https://doi.org/10.1007/978-3-662-57876-6

6. Miihlberg M, Sieber C. Sarcopenia and frailty. Zeitschrift
fiir  Gerontologie und Geriatrie. 2005;37(1): 4— 8.
https://doi.org/10.1007/s00391-004-0203-8

7. Sieber CC. Zum Konzept der Gebrechlichkeit von
der Phénomenologie zu therapeutischen Ansétzen
[On the concept of frailty from phenomenology to
therapeutic approaches].  Zeitschrift fiir Gerontologie
und Geriatrie, 2004; 38(1): I/1-1/3. (In German)..
https://doi.org/10.1007/s00391-005-1101-4

8. Tideiksaar R. Stiirze und Sturzprdvention [Falls and fall
prevention]. Bern, Gottingen: Verlag Hans Huber; 2000. (In
German).

9. Eichberg S, Mechling H. Motorische Entwicklung im
hoheren Erwachsenenalter [Motor development in later
adulthood]. In: Baur J, B6s B, Conzelmann, Singer R, editors.
Handbuch motorische Entwicklung [Motor Development
Handbook]. Schorndorf: Hofmann Verlag; 2009. p. 333-348.
(In German).

10.Brach M, Schott N. Motorisches Lernen im Alter [Motor
learning in old age]. In: Mechling H, Munzert J, editors.
Handbuch Bewegungswissenschaft — Bewegungslehrer
[Handbook of Movement Science - Movement Teachers].
Schorndorf: Hofmann Verlag; 2003. P. 461-474. (In German).

11.Mully K. Yom Gleichgewicht beim Skifahren [ About balance
in skiing]. Ziirich: Aschmann & Scheller; 1933. (In German).

12.Meusel H. Sport fiir Altere: Bewegung — Sportarten —
Training; Handbuch fiir Arzte, Therapeuten, Sportlehrer und

Sportler [Sports for the elderly: exercise - sports - training;
Handbook for doctors, therapists, sports teachers and
athletes]. Stuttgart, New York: Schattauer; 1999. (In German).
https://doi.org/10.1007/BF03176556

13.Heilmann F. Dynamische Posturographie — Entwicklung und
Validierung einer Testbatterie zur Gleichgewichtsdiagnostik
unter Verwendung des Posturomed [Dynamic Posturography
- Development and validation of a test battery for balance
diagnostics using the Posturomed]. Der Martin—Luther—
Universitdt Halle—Wittenberg; 2019. (In German).

14.Atkins PW, Paula J. Physikalische Chemie. Weinheim:
Wiley-VCH; 2012.

15.Atkins P, Jones L. Chemical Principles. The Quest for
Insight. San Francisco: WH Freeman; 2008.

16.Krampe RT, Rapp MA, Bondar A, Baltes PB. Selektion,
Optimierung und Kompensation von Doppelaufgaben
[Selection, optimization and compensation of duplicate
tasks]. Der Nervenarzt, 2003; 3:211-218. (In German).
https://doi.org/10.1007/s00115-002-1325-0

17.Fleishman EA. Toward a taxonomy of human performance.
American Psychologist. 1975;30(12):1127-49.

18.Zelpour C. Springer  Lexikon Physiotherapie
[Springer Lexicon Physiotherapy]. Heidelberg:
Springer Verlag; 2010. (In German).

https://doi.org/10.1007/978-3-642-34730-6

19.Fetz F. Bewegungslehre der Leibesiibungen [Movement
theory of physical exercises]. Wien: Osterreichischer
Bundesverlag; 1989. (In German).

20.Aksay E. Rehabilitasyon Sporunun Yash Yetiskinlerin
Performans Diizeylerine Etkilerinin Senior Fitness Test ile
Belirlenmesi [Determining the Effects of Rehabilitation
Sports on Performance Levels of Elderly Individuals by
using Senior Fitness Test]. Gazi Beden Egitimi ve Spor
Bilimleri Dergisi, 2021; 26(2):247-264. (In Turkish).

21.Wollesen B. Gleichgewichts- und Koordinationstraining
vs. Nordic Walking Effekte zur Primdrprdvention und
Sturzprophylaxe bei Senioren [Balance and coordination
training vs. Nordic walking effects for primary prevention
and fall prophylaxis in seniors]. Sportwissenschaft der
Universitdt Hamburg; 2009. (In German).

22.Lord SR, Menz HB. Visual Contributions to Postural
Stability in Older Adults. Gerontology. 2000;46:306-310.
https://doi.org/10.1159/000022182

23.Granacher U. Neuromuskuldre Leistungsfihigkeit im Alter
(>60Jahre): Auswirkungen von Kraft- und Sensomotorischem
Training [Neuromuscular performance in old age (> 60
years): Effects of strength and sensorimotor training]. Albert-
Ludwigs-Universitét Freiburg; 2003. (In German).

24 Mackey DC, Robinovitch SN. Mechanisms underlying
age-related differences in ability to recover balance
with the ankle strategy. Gait & Posture. 2006;23:59—69.
https://doi.org/10.1016/j.gaitpost.2004.11.009

25.Cao C, Ashton-Miller JA, Schultz AB, Alexander
NB. Abilities to turn suddenly while walking:
effects of age, gender and available response time.
Journal of Gerontology. 1997;52A:M88-M93.

231



PEDAGOGY of Physical Culture

and Sports

https://doi.org/10.1093/gerona/52A.2.M88

26.Denk H, Pache D, Schaller HJ. Handbuch Altersport
[Handbook of age sports]. Schorndorf: Hofmann; 2003. (In
German).

27.Granacher U, Gollhofer A. Auswirkungen des Alterns auf
die Schnellkraftfahigkeit und das Reflexverhalten [Effects
of aging on speed strength and reflex behavior]. Deutsche
Zeitschrift fiir Sportmedizin. 2005;56(3):68—72. (In German).

28.Kapustin P. (1980). Senioren und Sport [Seniors and Sports].
Bad Homburg: Limpert; 1980. (In German).

29.Volker K. Herz-/Kreislauf (Innere Medizin) [Cardiovascular
system (internal medicine)]. In: Schiile K, Huber G, editors.
Grundlagen der Sporttherapie [Basics of sports therapy].
Miinchen: Urban & Fischer; 2000. p. 140-145. (In German).

30.Greiser KH, Kluttig A, Schumann B, Kors J, Swenne
CA, Kuss O, et al. Cardiovascular disease, risk
factors and heart rate variability in the elderly general
population: Design and objectives of the CARdiovascular
disease, Living and Ageing in Halle (CARLA)
Study. BMC Cardiovascular disorders. 2005;5: 33.
https://doi.org/10.1186/1471-2261-5-33

31.Granacher U, Muehlbauer T, Gschwind YJ, Pfenninger
B, Kressig RW. Diagnostik und Training von Kraft und
Gleichgewicht zur Sturzpravention im Alter [Diagnosis and
trainingofstrengthandbalancetopreventfallsinoldage]. Zeitung
fiir Gerontologie und Geriatrie, 2013; 1-13. (In German).
https://doi.org/10.1007/s00391-013-0509-5

32.Birren JE. Altern als psychologischer Prozess [Aging as a
Psychological Process]. Freiburg: Lambertus; 1974. (In
German).

33.Rothig P. Sportwissenschaftliches Lexikon [Sports science
lexicon]. Schorndorf: Hofmann; 1992. (In German).

34.Rothig P, Nicol K, Bohmer D. Untersuchung zum motorischen
Profil dlterer Menschen [Investigation of the motor profile of
older people]. In: Bohlau V, editor. Alter, Sport und Leistung
[Age, sport and performance]. Stuttgart: Schattauer; 1978. p.
72-90. (In German).

35.Kiphard EJ. Verdnderungen der Psychomotorik im Alter.
Motorik. [Changes in psychomotricity in old age. Motor
skills]. 1983;6(3): 95-103. (In German).

36.Starischka S. Dortmunder modifizierter Romberg-Test fiir
Senioren [Dortmund’s modified Romberg test for seniors] In:
Hirtz P, Hotz A, Ludwig G, editors. Gleichgewicht [Balance].
Schorndorf: Hofmann; 1991. P. 169—-170. (In German).

37.Woollacott MH, Jensen JL. Haltung und Fortbewegung
[Posture and locomotion] In: Heuer H, Keele SW, editors.
Psychomotorik. Enzyklopddie der Psychologie (Bd. 3).
[Psychomotor. Encyclopedia of Psychology (Vol. 3)].
Gottingen: Hogrefe-Verlag; 1994.p. 413-508. (In German).

38.Ries R. Physiologie. Ein Handbuch der Pathologie [A
manual of pathology]. Berlin, Heidelberg, New York:
Springer; 1972. (In German).

39.Statistisches Bundesamt. Annahmen und Ergebnis der 14.
Koordinierten Bevolkerungsvorausbrechung — Bevolkerung
im Wandel [Assumptions and results of the 14th coordinated
population growth - population in transition]. Wiesbaden:
Destatis; 2019 [cited 2020 November 16] Available from:
https://www.destatis.de/DE/Presse/Pressekonferenzen/2019/
Bevoelkerung/pressebroschuere-bevoelkerung.
pdf?blob=publicationFile (In German).

40.Bundesinnenministerium. 11 Sportbericht der
Bundesregierung [11th sports report of the federal
government]. Berlin: Bundesministerium; 2006. (In
German).

41.Spiller R. Motivation von Seniorinnen und Senioren zur
sportlichen Betdtigung: Eine empirische Untersuchung

232

mittels qualitativer Interviews in und um Gottingen.
[Motivation of senior citizens to exercise: An empirical
study using qualitative interviews in and around Géttingen].
Sozialwissenschaftlichen ~Fakultit der Georg-August-
Universitdt Gottingen; 2015. (In German).

42.Duncan P, Weiner DK, Chandler J, Studenski S.
Functional reach: a new clinical measure of balance.

The Journals of Gerontology. 1990;45: M192-197.
https://doi.org/10.1093/geronj/45.6.M192
43.Podsiadlo D, Richardson S. The timed “Up &

Go”: a test of basic functional mobility for frail
elderly persons. J Am Geriatr Soc. 1991;39:142-8,
https://doi.org/10.1111/j.1532-5415.1991.tb01616.x

44.Ponce M. How to Prevent Falls Among Older Adults in
Outpatient Settings. American Nurse Today. 2012;7:4.

45.Weiner DK, Duncan PW, Chandler J, Studenski SA.
Functional reach: a marker of physical frailty. Journal
of the American Geriatrics Society. 1992;40:203-207.
https://doi.org/10.1111/j.1532-5415.1992.tb02068.x

46.Mathias S, Nayak U, Isaacs B. Balance in elderly patients:
the “Get-up and Go” test. Archives of Physical Medicine and
Rehabilitation. 1986;67: 387-9.

47.Rossi M, Soto A, Santos S, Sesar A, Labella T. A prospective
study of alterations in balance among patients with
Parkinson’s Disease. Protocol of the postural evaluation.
European  Journal of Neurology. 2009;61(3):171-6.
https://doi.org/10.1159/000189270

48.Vellas BJ, Wayne SJ, Romero L, Baumgartner RN,
Rubenstein LZ, Garry PJ. One-leg balance is an important
predictor of injurious falls in older persons. Journal
of the American Geriatrics Society. 1997;45:735-738.
https://doi.org/10.1111/j.1532-5415.1997.tb01479.x

49.Lee, A.J, Lin WH. Twelve-week biomechanical ankle
platform system training on postural stability and ankle
proprioception in subjects with unilateral functional ankle
instability.  Clinical ~Biomechanics.  2008;23:1065-72.
https://doi.org/10.1016/j.clinbiomech.2008.04.013

50.B6s K, Wydra G, Karisch G. Gesundheitsférderung durch
Bewegung, Spiel und Sport. Ziele und Methoden des
Gesundheitssports in der Klinik [Health promotion through
exercise, games and sport. Goals and methods of health sport
in the clinic]. Erlangen: Perimed;1992. (In German).

51.Kyungmo H, Ricard MD, Fellingham GW. Effects of
a 4-Week Exercise Program on Balance Using Elastic
Tubing as a Pertubation Force for Individuals With
a History of Ankle Sprains. Journal of Orthopaedic
& Sports  Physical Therapy. 2009;39(4):246-255.
https://doi.org/10.2519/jospt.2009.2958

52.Kidgell DJ, Horvath DM, Jackson BM, Seymour PJ.
Effect of Six Weeks of Dura Disc and Mini-Trampoline
Balance Training on Postural Sway in Athletes With
Functional Ankle Instability. Journal of Strength
and Conditioning ~ Researc. 2007;21(2):466—469.
https://doi.org/10.1519/00124278-200705000-00031

53.Briggs RC, Gossman MR, Birch R, Drews JE, Shaddeau
SA. Balance performance among noninstitutionalized
elderly women. Physical Therapy. 1989;69: 748.
https://doi.org/10.1093/ptj/69.9.748

54 Hurvitz EA, Richardson JK, Werner RA, Ruhl AM,
Dixon MR. Unipedal stance testing as an indicator of
fall risk among older outpatients. Archives of Physical
Medicine and Rehabilitation. 2000;81:587-91.
https://doi.org/10.1016/S0003-9993(00)90039-X

55.Heidemann K.  Bewegungskoordination Im  Alter.
Eine  Experimentelle  Studie — zum  Training  der
Gleichgewichtsfihigkeit [Movement coordination in old age.



An experimental study on the training of balance skills].
Christian-Albrechts-Universitdt zu Kiel; 2006. (In German).

56.George D, Mallery M. SPSS for Windows Step by Step: A
Simple Guide and Reference, 17.0 update (10a ed.) Pearso:
Boston; 2010.

57.Strang AJ, Haworth J, Hieronymus M, Walsh M,
Smart LJ Jr. Structural changes in postural sway
lend insight into effects of balance training, vision,
and support surface on postural control in a healthy
population. Eur J Appl Physiol. 2011;111(7):1485-95.
https://doi.org/10.1007/s00421-010-1770-6

58.B6s K. Handbuch sportmotorischer Tests [Handbook of
sports motor tests]. Gottingen: Hogrefe;1987. (In German).

59.Emrich E, Frohlich M, Pitsch W. Medizinische
Betreuungsleistung an den Olympiastiitzpunkten aus
Athletenperspektive [Medical care at the Olympic bases
from an athlete‘s perspective]. Deutsche Zeitschrift fiir
Sportmedizin, 2006; 57(1):19-26. (In German).

60.Horak FB. Postural orientation and equilibrium: what
do we need to know about neural control of balance
to prevent falls? Age Ageing. 2006;35(2):ii7-11.
https://doi.org/10.1093/ageing/afl077

61.Roaldsen K, Halvarsson A, Sahlstrom T, Stahle A.
Task-specific balance training improves self-assessed
function in community-dwelling older adults with balance
deficits and fear of falling: a randomized controlled
trial.  Clinical ~Rehabilitation. 2014;28(12):1189-1197.
https://doi.org/10.1177/0269215514534087

62. Wessel K, Hummel A. Bewegung und Sport
als  alternsstabilisierende = Aktivititen.  [Exercise
and sport as age-stabilizing activities]. Zeitung fiir
Gerontologi Geriatrie, 2019; 52:290-291. (In German).
https://doi.org/10.1007/s00391-019-01526-2

63.Rogan S, Baur H, Sargent A, Shori M, Taeymans J.
Machbarkeit eines Gleichgewichtstrainings auf Matten
bei gesunden, moderat sportlichen Frauen im Alter.
[Feasibility of balance training on mats in healthy,
moderately sporty women in old age]. Zeitung fiir
Gerontologi Geriatrie, 2015; 48: 135-141. (In German).
https://doi.org/10.1007/s00391-014-0630-0

64.Espenschade AS, Eckert HM. Motor Development.
Columbus: Merrill; 1967.

65.Rikli RE, Edwards DJ. Effects of a Three-Year
Exercise Program on Motor Function and Cognitive
Processing Speed in Older Women.  Research
Quarterly for Exercise and Sport. 1991;62(1):61-67.
https://doi.org/10.1080/02701367.1991.10607519

66.Duncan, PW, Studenski SA, Prescot B. Functionalreach:
Predictive wvalidity in a sample of elderly male
veterans. Journal Gerontology. 1992;47(3):M93.
https://doi.org/10.1093/geron;j/47.3.M93

67.Rockwood K, Awalt E, Carver D, McKnight C. Feasibility
and measurement properties of the functional reach and timed
up and go tests in the Canadian study of health and aging.
Journal of Gerontology: Medical Sciences. 2000;55:M70-3.
https://doi.org/10.1093/gerona/55.2.M70

68.ThomasJI,LaneJV.Apilotstudytoexplorethepredictivevalidity
of 4 measures of falls risk in frail elderly patients. Archives
of Physical Medicine and Rehabilitation. 2005;86:1636—40.
https://doi.org/10.1016/j.apmr.2005.03.004

69.Henderson WG, Tourtellotte WW, Potvin AR. Training
examiners to ad- minister a quantitative neurological
examination for a multi-center clinical trial. Archives of
Physical Medicine and Rehabilitation. 1975;56:289-295.

70.Bohannon RW, Larkin PA, Cook AC, Gear 1,
Singer J. Decrease in timed balance test scores
with aging. Phys Ther. 1984;64:1067-70.

https://doi.org/10.1093/ptj/64.7.1067

71.Dominguez-Carrillo LG, Arellano-Aguilar G, Leos-Zierold
H. Unipedal stance time and fall risk in the elderly. Cir Cir.
2007;75(2):107-12.

72.Vellas BJ, Wayne SJ, Garry PJ, Baumgartner RN. A two-year
longitudinal study of falls in 482 community-dwelling elderly
adults. The Journals of Gerontology Series A: Biological
Sciences and Medical Sciences. 1998;53A(4):, M264-M274.
http://doi.org/10.1093/Gerona/53/A.4.M264

73.Verma N, Shah S, Joshi J, Jivani J. Effect Of Aging
On Timed Balance Test Scores. Innovative Journal

of Medical and Health Science. 2017;7(1): 9-11.
https://doi.org/10.15520/ijmhs.2017.vol7.iss1.151
74.Bernstein ~ NA.  Bewegungsphysiologie =~ [Movement

physiology]. Leipzig: J. A. Barth; 1987.

Information about the author:

Ebubekir Aksay; Prof. Dr.; https://orcid.org/0000-0002-5706-6698; eaksay@yahoo.de; Department of Health, Rehabilitation
and Disability Sport, Germany TV Eberbach e.V.; Eberbach, Germany.

Cite this article as:

Aksay E. The effects of single leg stance during daily toothbrushing on the balance skills of elderly adults. Pedagogy of

Physical Culture and Sports, 2021;25(4):225-233.
https://doi.org/10.15561/26649837.2021.0404

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited

(http://creativecommons.org/licenses/by/4.0/deed.en).

Received: 05.04.2021
Accepted: 20.05.2021; Published: 30.08.2021

233



	The effects of single leg stance during daily toothbrushing on thebalance skills of elderly adults. Ebubekir Aksay
	Abstract
	Introduction
	Material and methods
	Results
	Discussion
	Conclusion
	Funding
	Conflicting interest
	References
	Information about the author
	https://doi.org/10.15561/26649837.2021.0404


