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A New Approach to Improve Cognition, Muscle Strength, and
Postural Balance in Community-Dwelling Elderly with a 3-D
Virtual Reality Kayak Program
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Aging is usually accompanied with deterioration of physical abilities, such as muscular strength, sensory
sensitivity, and functional capacity. Recently, intervention methods with virtual reality have been introduced,
providing an enjoyable therapy for elderly. The aim of this study was to investigate whether a 3-D virtual
reality kayak program could improve the cognitive function, muscle strength, and balance of community-
dwelling elderly. Importantly, kayaking involves most of the upper body musculature and needs the balance
control. Seventy-two participants were randomly allocated into the kayak program group (n = 36) and the
control group (n = 36). The two groups were well matched with respect to general characteristics at
baseline. The participants in both groups performed a conventional exercise program for 30 min, and then
the 3-D virtual reality kayak program was performed in the kayak program group for 20 min, two times a
week for 6 weeks. Cognitive function was measured using the Montreal Cognitive Assessment. Muscle
strength was measured using the arm curl and handgrip strength tests. Standing and sitting balance was
measured using the Good Balance system. The post-test was performed in the same manner as the
pre-test; the overall outcomes such as cognitive function (p < 0.05), muscle strength (p < 0.05), and
balance (standing and sitting balance, p < 0.05) were significantly improved in kayak program group
compared to the control group. We propose that the 3-D virtual reality kayak program is a promising

intervention method for improving the cognitive function, muscle strength, and balance of elderly.
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Introduction

Falls in the elderly is a major social issue, as they can
lead to physical health, social, and psychological problems.
The incidence rate of falls increases with age and may
affect 45% of the elderly population older than 75 years
(Rubenstein 2006). The consequences of fall are a
reduction in functionality reduction, loss of independence,
and in some cases, death (Gazzola et al. 2006). Moreover,
falls lead to increased healthcare costs and define social
problems (Masud and Morris 2001). The biomechanical
limitations associated with aging correlate strongly with the
cognitive function, muscle strength, and balance in the
elderly (Horak 2006). An inactive lifestyle and the
physiological changes related to aging, such as sarcopenia
and the progressive decline in muscle strength, joint range
of motion, reaction time, and the sensory system can lead to
reduced physical performance and increased risk of falling
(Borah et al. 2007; Howe et al. 2007). Moreover, cognitive
disorders are common in the elderly and strongly associated
with falls. The incidence of falls in people with cognitive
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impairment is estimated to be twice that of older adults with
intact cognitive ability (Shaw 2002). A later study of the
effects of cognitive and emotional statuses on physical
functioning found that having severe depression and low
cognitive function was associated with poor physical
performance (Raji et al. 2002). Moreover, according to a
more recent studies, declining grip strength (Rogers and
Jarrott 2008) and gait speed (Fitzpatrick et al. 2007) are
associated with increased risk of cognitive disorders.

In recent years, greater technological developments
have led to the introduction of new intervention methods
using virtual reality to performing diverse tasks (Bryanton
et al. 2006). Virtual reality enables people to have virtual
experiences that are similar to reality (Zhang et al. 2001).
In virtual reality, people perform diverse tasks and
accomplish predetermined goals using technological
simulated scenes by reacting as if they are performing the
actions in reality (Holm and Priglinger 2008). This method
provides an interesting and fun therapy, increasing
motivational effects (Rand et al. 2008). Virtual reality
provides visual, auditory and proprioceptive, and can also
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stimulate cognition (Schultheis and Rizzo 2001).
According to previous studies, general exercise focused
only on a specific task improves performance in activities
of daily living to limited extent. Hsieh et al. (2014) showed
that when compared to general exercise, training with
virtual reality resulted in a 30% reduction in falls (Hsieh et
al. 2014). It can be applied with various preventive
exercises against falling in the elderly. To the best of
knowledge, this is the first study to apply kayak program
for fall prevention in elderly persons.

Kayak ergometers provide an opportunity to perform
kayak training independent of outdoor conditions and to
better control training progression (Bjerkefors and
Thorstensson 2006). Kayaking appears to fulfill the criteria
for such an activity, as it involves most of the upper body
musculature and puts severe demands on balance control in
sitting (Bjerkefors et al. 2007). Kayaking is an outdoor
activity that can be enjoyed with easy motions and with
minimal skill, and can be performed on equal terms by both
people who are physically able and those with disabilities.
In addition, kayaking presents high metabolic demands and
challenges to the balance control system. Maintaining the
sitting posture requires continuous compensation for
perturbations to the upper body by motion of the kayak and
paddle in the water, as well as of the arms and paddle in the
air (Grigorenko et al. 2004).

Kayaking combined with virtual reality would be
expected to improve the cognitive function, muscle
strength, and balance of elderly persons. Therefore, the
purpose of this study was to determine the effects of 3-D
virtual reality kayak program on the cognitive function,
muscle strength, and balance of community-dwelling
elderly.

Methods

Participants

Seventy-two elderly people participated in the study. The par-
ticipants were recruited from G Senior Center in Seoul, South Korea.
The following inclusion criteria were utilized: registered in the senior
center, able to communicate, and able to attend a 6-week intervention.
The following exclusion criteria were utilized: musculoskeletal
impairment of the upper extremities, neurological impairment, signifi-
cant cognitive disorders, psychological problems such as depression,
untreated medical conditions, or unable to maintain the sitting posi-
tion for less than 30 seconds a long time. No significant difference in

general characteristics was observed between the two groups at base-
line (Table 1).

The sample size was calculated by using the G-power software
(Ver. 3.1). Based on the results, we set the effect size at 0.7. When a
2-tailed test with a test power of = 0.8 and significance level of a =
0.05 was applied (Machin et al. 2011), the calculated sample size was
80.

All protocols and procedures were approved by the institutional
review board of Sahmyook University (Seoul, South Korea), and all
of the participants signed a statement of informed consent.

Procedures

This study used randomized controlled trial design. Seventy-
two participants were randomly allocated to either the virtual kayak
program group or the control group. All of the participants had an
equal probability of assignment to the groups. External randomiza-
tion was achieved by using the Random Allocation Software (Ver. 2.0)
(Saghaei 2004).

The participants in the control group performed 30 min of the
conventional exercise, including 5-min warm-up and 5-min cool-
down exercises. The warm-up, consisted of using a massage sensory
ball while listening to relaxing music, stretching, and breathing exer-
cise. The conventional exercise, consisted of side stepping, tandem
walking, backwards walking, braiding, one-leg standing, cup tapping,
and external perturbation while standing with the head up and back
straight were conducted (Cho and An 2014). Finally, in the cool-
down, muscle relaxation exercises for stretching, and breathing exer-
cises were used.

The kayak program was performed two times per week for 6
weeks by the experimental group. The participants in the experimen-
tal group also performed 30 min of conventional exercise similar to
the control group, and then performed 20 min of the virtual reality
kayak program. For kayak program, water training was simulated
with installing a stool and a footrest on a springboard. By using a
3-D beam projector, 3-D images of moving kayaks that were directly
filmed in a river and a lake were displayed. The subjects exercised by
paddling according to watch the actions performed by the 3-D images
on the screen (Fig. 1).

QOutcome measurements

Cognitive function: The Montreal Cognitive Assessment
(MoCA) test was designed as a rapid screening instrument for mild
cognitive dysfunction (Freitas et al. 2013). It assesses the following
cognitive domains: attention and concentration, executive functions,
memory, language, visuoconstructional skills, conceptual thinking,
calculations, and orientation. It takes approximately 10 min to
administer the MoCA. The total possible score is 30 points. A score

Table 1. General characteristics of the participants (N = 72).

Experimental group Control
(n =36) (n=36) 21t ()
Sex (male/female) 36 (3/33) 36 (1/35) 0.303 (0.311)
Age (year) 72.97 +£2.98 74.11 £2.88 0.860 (0.104)
Height (cm) 155.16 +5.57 153.64 + 4.68 0.821 (0.217)
Weight (kg) 54.21+5.01 53.15+3.97 0.872 (0.326)

Values are presented as mean + standard deviations.
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Fig. 1. 3-D virtual reality kayak program.

of 26 or higher is considered to be in the normal (Freitas et al. 2013).

The internal consistency of the MoCA is high (Cronbach’s
alpha: 0.86), and its test-retest reliability was found to be 0.75. It had
good specificity of 84% and high sensitivity of 89% for screening
mild cognitive impairment (Lee et al. 2008).

Muscle strength: Handgrip strength, a measure of strength of
the hand and forearm muscles, is a useful index of overall musculo-
skeletal condition (Sin et al. 2009). Handgrip strength was measured
by using a handheld dynamometer (Medical Handgrip Dynamometer
model DHS-88, Detecto, Webb City, USA). While seated, the partici-
pants were instructed to maximally grip squeeze the dynamometer
(Abizanda et al. 2012). The mean of three trials was used in this
study. The left and right hands were tested alternatively, and the sub-
jects were allowed to rest for 1 min between the trials. The results
were expressed in kilograms. The handgrip strength test has an excel-
lent reliability when used in the elderly. The test-retest reliability was
ICC = 0.97, which indicates the high accuracy of the measurements
(Wang and Chen 2010).

The arm curl test (ACT) measures the strength of the upper
body in older adults (Singh et al. 2014). It has shown good test-retest
reliability in the sitting position. With an intraclass correlation coeffi-
cient was 0.96 (Miotto et al. 1999). The participants were asked to sit
upright with their back against the backrest of an armless chair. They
performed biceps curls without bending the trunk forward for 30 sec-
onds with 2.3- and 3.6-kg dumbbells for women and men, respec-
tively. The score was the total number of arm curls.

Standing and sitting balance: Postural sway was measured by
using the Good Balance system (Good Balance, Metitur Ltd, Finland).
The system was composed of a safety bar and an equilateral triangu-
lar force platform. It was connected to a laptop by using the
Bluetooth technology. The sampling frequency was 50 Hz.

The following 3 different variables were calculated for the tra-
jectory of the center of pressure: anterior-posterior sway velocity,
medial-lateral sway velocity, and velocity moment, which refers to
the first moment of velocity estimated as the mean area covered by
the movement of the center of pressure during each second of the test,
taking into account both the distance from the geometrical midpoint
of the test and the speed of the movement during the same period
(Salminen et al. 2009).

Standing balance measurements were performed with the sub-
ject standing on a force platform for 30 seconds with the eyes open,
hands hanging down loosely, feet comfortably apart, and gaze fixed
forward, followed by quiet standing for another 30 seconds but with
the eyes closed. The tests were performed 3 times in the same order

for each subject. Sitting balance was measured in the same manner.
The subject sat on a high chair with the feet not contacting the floor.

The test-retest reliabilities were 0.83 with the eyes open and
closed, respectively, when assessed using the log mean medial-lateral
speed, and 0.69 with the eyes open or closed when evaluated using
the log mean anterior-posterior speed (Ceria-Ulep et al. 2011).

Statistical analyses

For data analysis, SPSS ver. 19.0 was used for averages and
standard deviations. Data normality was tested using the Shapiro-
Wilk test, and all variables showed normal distribution. Independent
t tests and chi-squared tests were used for homogeneity testing. A
paired t test was used for within-group comparison. An independent t
test was used for comparison of exercise differences between the
groups. The significance level was set at 0.05 for all the analyses.

Results

Comparison of cognitive function

The results of MoCA for cognitive function are shown
in Table 2. In the comparison between the MoCA score
before and that after the kayak program, a significant
increase was observed in the experimental group. However,
there was a significant decrease in the control group (p <
0.05). The difference in MoCA scores from pre-test to
post-test showed that the experimental group improved sig-
nificantly compared to the control group (p < 0.05), the
increase was significantly higher in the experimental group
than in the control group (p < 0.05).

Comparison of muscle strength

The results of the ACT for muscle strength are shown
in Table 3. In the comparison between the ACT scores
before and those after the kayak program, a significant
increase was observed in the experimental group. However,
there was a significant decrease in the control group (p <
0.05). In the comparison of the difference in ACT scores
from before to after the program, we found that there was a
significant difference between the two groups. Significantly
higher in the experimental group than in the control group
(p <0.05).

In the comparison of grip strengths for muscle
strength, a significant difference was observed in both



4 J. Park and J.E. Yim

Table 2. Changes in the cognitive function at pre- and post-program (N = 72).

Experimental group

Control group

Difference (post-pre)

(n=36) (n=36) Experimental Control t(p)
group group
Pre 22.63 +4.91 22.88+4.18
?gg;‘g‘ Post 24.69 £4.65 21.77+5.19 2.05+2.60 —1.11+£2.29 5.475 (0.000)
t(p) —4.731 (0.000) 2.911 (0.006)

Values are presented as mean + standard deviations.
MoCA, Montreal Cognitive Assessment.

Table 3. Changes in the muscle strength at pre- and post-program (N = 72).

Experimental group

Control group

Difference (post-pre)

(n=36) (n=36) Experimental Control t(p)
group group

Arm curl (rep) Pre 25.41 £ 6.60 26.41 £9.00
Post 32.47+10.06 21.84+6.71 7.05 +8.87 —4.56+£4.85 6.896 (0.000)
t(p) —4.771 (0.000) 5.646 (0.000)

Grip strength (Right) (kg) Pre 21.38+5.64 20.39 +5.52
Post 23.35+4.86 17.73 £5.19 1.96 +4.22 —2.66 £4.73 4.367 (0.000)
t(p) —2.784 (0.009) 3.369 (0.002)

Grip strength (Left) (kg) Pre 20.06 + 6.82 18.36 +5.18
Post 23.10+5.18 15.27+4.51 3.03+4.36 -3.09+4.73 5.836 (0.000)
t(p) —4.174 (0.000) 4.084 (0.000)

Values are presented as mean + standard deviations.

groups (p < 0.05). The difference in grip strength from
before to after the program, we found a significant differ-
ence between the groups (p < 0.05).

Comparison of static balance ability in standing

For all standing balance tests (Table 4), significant
increases were shown in experimental group after the pro-
gram (p < 0.05). However, there was a significant decrease
in control group. In the comparison of the difference all
standing balance test. We found significant difference
between the groups (p < 0.05).

Comparison of static balance ability in sitting

For all sitting balance tests (Table 5), significant
increases were shown in experimental group after the pro-
gram (p < 0.05). However, there was a significant decrease
in control group. In the comparison of the difference all
sitting balance test. We found significant difference
between the groups (p < 0.05).

Discussion

Exercise is an important factor that is closely related
with the improvement of quality of life (Montuclard et al.
2000). Generally, there is a decline in muscle power

decreased joint working ranges, and deterioration of various
sense organs affect balance and physical functions due to
aging. Besides these physical problems, mental problems,
such as a decline in cognitive functions or depression are
incurred (Kim et al. 2009). These result in decreased qual-
ity of life, and social and economic problems in the elderly.
To prevent these problems and to maintain and develop
physical and psychological functions, proper and consecu-
tive interventions are necessary. Kayak exercise requires
high-level physical ability and enhances functions of the
upper limbs, cardiopulmonary capacity, and ability of pos-
ture control (Bjerkefors and Thorstensson 2006; Bjerkefors
et al. 2007). In previous research studies, kayaking was
mostly used only for the purpose of training athletes.
Recently, by using stable and interesting elements of kayak-
ing, kayak exercise can be applied for health improvement
of the general population.

In this study, through with application of the 3-D vir-
tual reality technique, we found that these kayak training
programs were highly effective in improving the muscle
strength of community-dwelling elderly people. In addi-
tion, this study demonstrates that the programs substantially
heightened balance in both the sitting and standing pos-
tures. In the experimental group particular, the fact that



Table 4. Changes in the standing balance with eyes opened and eyes closed at pre- and post-program (N = 72).
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Experimental group

Control group

Difference (post-pre)

(n=36) (n=36) Experimental Control t(p)
group group
Eye opened
X sway (mm/s) Pre 6.78 £2.54 7.20 +3.64
Post 5.07+2.31 7.84+4.34 -1.70 +1.29 0.63+£1.98 —5.922 (0.000)
t(p) 7.918 (0.000) —1.917 (0.063)
Y sway (mm/s) Pre 9.40+3.18 8.91+£3.36
Post 7.56 £2.97 9.88+4.18 -1.83+2.37 0.97+1.86 —5.595 (0.000)
t(p) 4.635 (0.000) —3.56 (0.003)
VM (mm?/s) Pre 22.73+15.23 17.82 £ 14.01
Post 12.53 £ 6.97 17.95 +12.17 -10.20+10.28 0.13+£8.78 —4.583 (0.000)
t(p) 5.950 (0.000) —0.089 (0.929)
Eye closed
X sway (mm/s) Pre 6.79 £3.01 8.01 +£3.85
Post 595+2.94 9.63 £6.30 —0.84 +1.91 1.61 £3.92 —3.384 (0.001)
t(p) 2.635(0.012) —2.479 (0.018)
Y sway (mm/s) Pre 11.87 +4.72 11.19 £ 4.67
Post 9.76 +3.80 11.95+5.23 -2.10+2.19 0.76 + 1.90 —5.942 (0.000)
t(p) 5.765 (0.000) —2.423 (0.021)
VM (mm?/s) Pre 2594 +18.72 19.63 + 11.89
Post 17.13 +11.74 23.19 +12.17 —8.80+£9.49 3.55+2.76 —7.498 (0.000)
t(p) 5.563 (0.000) —7.716 (0.000)
Values are presented as mean + standard deviations.
X sway: anterior-posterior sway; Y sway: medial-lateral sway; VM: velocity moment.
Table 5. Changes in the sitting balance with eyes opened and eyes closed at pre- and post-program (N = 72).
Difference (post-pre)
Experimintal group Contrgl group - £ (p)
(n=36) (n=36) Experimental Control
group group
Eye opened
X sway (mm/s) Pre 410+ 1.76 448 +£2.45
Post 3.14+1.07 4.97+2.57 —0.96 + 1.62 0.49 +1.28 —4.205 (0.000)
t(p) 3.548 (0.001) —2.292 (0.028)
Y sway (mm/s) Pre 6.03 £2.40 6.12+£5.73
Post 4.66+1.25 6.89 +6.04 -1.36 £2.09 0.77 £1.49 —4.979 (0.000)
t(p) 3.916 (0.000) —3.083 (0.004)
VM (mm?/s) Pre 439+1.25 6.80 + 8.48
Post 2.15+1.25 6.70 +9.49 —224+4.14 —0.09 +3.29 —2.426 (0.018)
t(p) 3.242 (0.003) 0.180 (0.858)
Eye closed
X sway (mm/s) Pre 331+1.78 3.04+1.22
Post 2.65+1.00 3.76 +1.88 -0.66 £ 1.70 0.72+1.03 —4.162 (0.000)
t(p) 2.333 (0.026) —4.171 (0.000)
Y sway (mm/s) Pre 498 +1.54 4.88 +1.68
Post 436+143 5.59+1.80 -0.61 +1.81 0.70 +0.86 —3.958 (0.000)
t(p) 2.037 (0.049) —4.921 (0.000)
VM (mm?/s) Pre 2.63+3.32 3.06 £3.51
Post 1.44 £ 0.62 4.18 £4.59 -1.18 £3.39 1.12+£2.03 —3.503 (0.001)
t(p) 2.096 (0.043) —3.317 (0.002)

Values are presented as mean + standard deviations.
X sway: anterior-posterior sway; Y sway: medial-lateral sway; VM: velocity moment.
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physical activity via kayak program decreased risked cogni-
tive impairment can be useful.

The upper limbs are heavily utilized in daily life activ-
ities, and have a major impact on the quality of life of
elderly individuals (Pendleton and Schultz-Krohn 2013).
Gripping power as an important factor of upper extremity
function has been used as a criterion to predict health of the
elderly. In particular, grip strength can predict early mortal-
ity, early detection of disorders such as dementia, complica-
tions after operations, hospitalization period after bone
fractures, and life span (Sugiura et al. 2013). In this study,
via 6 weeks of kayak program, the ACT results showed that
the muscle strength of the upper limbs increased signifi-
cantly as well as significant changes in grip strength. In the
kayak programs, several forms of exercise are generated
according to situations depicted in virtual reality through
the 3-D screen. The subjects hold real paddles, and rows
consecutively and repeatedly in order to move the kayak on
the screen. Because the muscle power of the upper limbs
and grip strength increases, the upper extremity functions
appeared to be increased overall.

In this study, an important result is reduced risk of
cognitive impairment by the kayaking. Most psychological
problems are treated with medication and counseling.
However, solutions to psychological problems via physical
exercise are rarely used. Hence, reduced risk of cognitive
impairment through kayak program is thought to be a sig-
nificant result. According to research studies, decline in
cognitive function is closely connected with restriction of
physical activities and decline in functions (Gazzola et al.
2000).

In this study, the first reason of the decreased risk of
cognitive impairment after kayak program can be consid-
ered the increase in gripping power. Alfaro-Acha et al.
(2006) investigated the relationship between grip strength
and cognitive functions (Alfaro-Acha et al. 2006). They
reported that as grip strength weakened, Mini Mental State
Examination scores and cognitive ability decreased
(Sugiura et al. 2013). Moreover, in a previous research that
targeted 76 elderly people, the analysis of test-retest reli-
ability between cognitive functions and gripping strength
revealed that grip strength showed significant reliability.
The authors reported that grip strength could be used as an
evaluation standard for dementia, mild dementia, and
severe dementia at baseline (Alencar et al. 2012). As a
basis to support this, a recent study reported that a sub-
stance called apolipoprotein €2 is a genetic factor to prevent
decline of cognitive functions and that this factor appeared
decreased in elderly people. In addition, people with sev-
eral factors showed less decline in gripping power
(Batterham et al. 2013). Thus, based on changes in cogni-
tive capacity in the test, increased grip power through kayak
program is presumed to be one cause.

Another reason of the enhanced cognitive functions in
this research was the coping mechanism in diverse situa-
tions that could not be predicted in virtual reality through

the 3-D video and demand for directional changes to the
front, back, left, and right, where fast and correct decision
is required. Via these series of brain activities, it can be
said that correct physical response courses positively influ-
ence the cognitive functions of old people.

Kayak programs through 3-D virtual reality were
shown to be effective in increasing the balance of elderly
people. Various physical and mental changes due to aging
eventually cause the decline in balance ability. They can be
the most important cause of injuries from falls, which incur
the most frequent and serious social and economic prob-
lems. Falls can cause diverse injuries, from minor abra-
sions to more serious problems such as fractures and brain
damage in older people (Alencar et al. 2012). This can
affect the quality of life and overall health of patients by
causing an increase in dependency, decrease in autonomy,
confusion, immobility, and limitation of daily activities
(Rubenstein 2006).

In this study, efficient kayak program using 3-D virtual
reality was designed by producing an apparatus with the
size and shape similar to a real kayak (Fig. 1). In addition,
programs were constructed to induce natural motions of the
trunk and arms. Leading big motions of the upper limbs for
paddling made the center of the subject unstable. To bal-
ance in the unstable conditions of the torso of the subject is
controlled. As this leads to activation of trunk muscles, it
may increase balance ability. Elderly people experience
gradual loss of strength and control of trunk muscles as
they age. Reaction times are slowed compared with that of
young adults (Granacher et al. 2013). Core muscles to con-
trol the torso connect the upper extremity and the lower
extremity, and play an important role in stability (Kloubec
2010). Hence, the enhanced balance ability in this study is
considered to be caused by activation of torso muscles
through the rowing motion in kayak program. For balance
improvement and falling prevention in old people, kayak
program is considered effective.

In this study, by using a balance disk, by giving visual
biofeedback stimulus after projecting on the screen a kaya-
king environment on the water and images that were filmed
in the river, an environment similar to a real kayak is made.
Therefore, significant results of reduced risk of cognitive
impairment, upper extremity strength, and balance ability
were achieved.

The limitation of this study is that it did not consider
underwater resistance, which is present in rowing in real
kayak exercise. In addition, some subjects felt dizzy from
being exposed to the 3-D environment. Lastly, even though
the conventional exercise program did not show a positive
effect on the results in the control group, it would have been
more beneficial, compared to a control group without any
sort of treatment. In future research studies, it is necessary
to develop programs that can overcome this limitation.
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