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Fall-related injuries, including head injuries and fractures, are serious problems among
the elderly as they often lead to prolonged or even permanent disability. Thus, prevention of falls and injuries associated with such falls can reduce disability, improve
quality of life, and reduce the costs of health care. Thus, exercises aimed at improving
physical function and preventing falls appear to be important for increasing the active
life expectancy of elderly individuals.
Impairment of muscle strength and muscle power in the lower extremities, balance/
postural control, and walking ability have been recognized as important risk factors
for falls.1 However, muscle strength should be distinguished from muscle power:
muscle strength is defined as the maximal force that a muscle can produce against a
given resistance, while muscle power (force × velocity) is defined as the product of
force and speed;1,2 the former is related to bone strength whereas the latter is related to
falling.1–4 Thus, improvement of muscle power, rather than muscle strength, is likely
to be important for preventing falls. Proximal leg muscle power can be evaluated by
measuring the chair-rising time.
Whole-body vibration (WBV) exercise has been developed as a new modality in the field of physiotherapy and has been proposed as an exercise to improve
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Abstract: A randomized controlled trial was conducted to clarify the beneficial effect of whole
body vibration (WBV) exercise plus squat training on body balance, muscle power, and walking
ability in the elderly with knee osteoarthritis and/or spondylosis. Of 35 ambulatory patients (14 men
and 21 women) who were recruited at our outpatient clinic, 28 (80.0%, 12 men and 16 women)
participated in the trial. The subjects (mean age 72.4 years) were randomly divided into two groups
(n=14 in each group), ie, a WBV exercise alone group and a WBV exercise plus squat training
group. A 4-minute WBV exercise (frequency 20 Hz) was performed 2 days per week in both
groups; squat training (20 times per minute) was added during the 4-minute WBV training session
in the WBV exercise plus squat training group. The duration of the trial was 6 months. The exercise
and training program was safe and well tolerated. WBV exercise alone improved indices of body
balance and walking velocity from baseline values. However, WBV exercise plus squat training was
more effective for improving tandem gait step number and chair-rising time compared with WBV
exercise alone. These results suggest the benefit and safety of WBV exercise plus squat training for
improving physical function in terms of body balance and muscle power in the elderly.
Keywords: whole body vibration exercise, squat training, body balance, walking velocity,
muscle power
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physical function in the elderly. Previously, we conducted a
randomized controlled trial to determine the effect of WBV
exercise on physical function in postmenopausal osteoporotic women treated with alendronate5 and found that WBV
exercise improved static body balance (one-leg standing
time and tandem standing time) and walking velocity, but
not dynamic body balance (Timed Up and Go [TUG]) and
muscle power (chair-rising time) compared with nonexercising controls. We also conducted another randomized
controlled trial to compare the effect of a one-leg standing
exercise (static body balance training) and chair-rising
exercise (muscle power training) on physical function in
patients with locomotive disorders6 and found that the oneleg standing exercise improved static body balance while
the chair-rising exercise was useful for improving walking
velocity, dynamic body balance, and muscle power. Squat
training, which mimics chair-rising training, may train the
quadriceps and gluteus medius muscles and improve joint
movement in the lower extremities. Based on the results of
these two randomized controlled trials, we hypothesized that
a combination of WBV exercise and squat training might be
more effective than WBV exercise alone for improving physical function, especially in terms of dynamic body balance
and muscle power, in the elderly. The objective of the present
study was to clarify the beneficial effect of WBV exercise
plus squat training on physical function, including body balance, muscle power, and walking ability in the elderly. The
primary endpoint was physical function.

Subjects and methods
Subjects
Thirty-five ambulatory patients (14 men and 21 women)
with knee osteoarthritis of Kellgren-Lawrence grade7 1, 2, or
3 and/or spondylosis without spinal cord or nerve root compression symptoms who visited the Takakuwa Orthopaedic
Nagayama Clinic (Hokkaido, Japan) between September
2012 and May 2013 were recruited. The inclusion criteria
were age older than 60 years and the ability to measure the
parameters described below. Exclusion criteria were use of
vitamin D3 for osteoporosis,8 severe gait disturbance requiring an ambulatory aid, a severely rounded back because
of osteoporotic vertebral fractures, an acute disease phase,
and severe cardiovascular disease. Of 35 patients who were
screened, 28 (80.0%, 12 men and 16 women, mean age
72.4 years) participated in the trial.
Each subject was assigned by means of table random
numbering. The subjects were divided into two groups
(n=14 in each group), ie, a WBV exercise alone group
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(control group) and a WBV exercise plus squat training group
(squat training group). Squat training was performed on the
rocking platform of a Galileo machine (G-900; Novotec,
Pforzheim, Germany) during a 4-minute WBV exercise
session. The study period was 6 months. Non-steroidal antiinflammatory drugs were transiently prescribed for subjects
who needed pain relief because of knee osteoarthritis and/or
spondylosis. The WBV exercise and squat training were
supervised and performed in the clinic on two days per
week. Because the study was strictly conducted by physical
therapists, adherence, ie, compliance and persistence with the
exercises and training, was 100%. All participants completed
the 6-month trial. The physical activity level at baseline
was considered to be comparatively low in all participants
because none had been laborers or engaged in any regular
or leisure sporting activities. Further, no home exercise was
prescribed for any of the participants. Informed consent was
obtained from each of the subjects prior to participation in the
study. The protocol was approved by the ethics committee
of Takakuwa Orthopaedic Nagayama Clinic.

Assessment of physical function
After assessment of age, body weight, height, body mass
index, history of falls in the previous year, and fall-related
fractures after 50 years of age, physical function was evaluated by measuring tandem standing time, 10 m tandem gait
time, tandem gait step number, 3 m TUG, 5-repetition
chair-rising time, 10 m walking time, and 10 m walking step
number. The tandem standing time is an index of static body
balance. The tandem gait time, tandem gait step number, and
TUG are indices of dynamic body balance. The chair-rising
time is an index of muscle power.1 The 10 m walking time
and walking step number are indices of walking ability.
The 5-repetition chair-rising time was measured with the
subject’s arms crossed over the chest. The chair-rising time
was the time required for a subject to stand up from a chair
(45 cm in height) five times as quickly as possible without
using their arms. The tandem standing time was determined
by obtaining the mean value of two measurements, ie, one
with the right foot forward and the other with the left foot
forward. Physical performances including walking speed,
chair-rising, tandem maneuver, and TUG are considered to
be important determinants of musculoskeletal frailty and fall
risk in older age.1,2,8,9

WBV exercise and squat training
WBV exercise was performed using a Galileo machine, a device
that is used to apply WBV/oscillatory muscle stimulation.
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The subject stands with knees bent (by 45 degrees) and
hips bent (by 45 degrees), with feet 20 cm apart on a rocking platform with a sagittal axle that alternately thrusts the
right and left legs upwards and downwards, thereby activating the muscles of the lower extremities. The reaction
of the neuromuscular system consists of a chain of rapid
muscle contractions. This type of training provides reflex
muscle stimulation with no serious adverse events. Each
WBV exercise session was set at a frequency of 20 Hz and
for a duration of 4 minutes. This frequency is thought to be
comfortable and safe for elderly adults. In the control group,
only WBV exercise was performed (Figure 1).
In the squat training group, dynamic squat training was
added on the rocking platform of the Galileo machine during
the 4-minute WBV exercise session. Both knees and hips
were bent from 45 degrees to 60 degrees and extended from
60 degrees to 45 degrees 20 times per minute for 4 minutes
(Figure 1).

Statistical analysis

The data are expressed as the mean ± standard deviation in
the tables and the mean ± standard error in the figures. An
unpaired t-test was used to compare the anthropometric data and
parameters of physical function at baseline. One-way analysis
of variance with repeated measurements was used to analyze
longitudinal changes in physical function parameters within a
group. Two-way analysis of variance with repeated measurements was used to compare longitudinal changes in physical
function parameters between the two groups. The Fisher’s
WBV alone

WBV exercise with both knees and
hips bent by 45 degrees for 4 minutes

exact test was used to compare the ratio of male to female
patients, percentages of patients who had fallen in the past year,
percentages of patients with prior clinical fractures, and the incidences of falls and fall-related fractures between the two groups.
All statistical analyses were performed using the Stat View J
5.0 program (SAS Institute, Cary, NC, USA). The significance
level was set at P,0.01 for all comparisons.

Results
Characteristics and physical function
of study subjects at baseline
Table 1 shows the anthropometric characteristics of the study
subjects. The mean age was 72.3 (range 65–80) years in the
squat training group and 72.5 (range 63–83) years in the control group. No significant differences in the ratio of male to
female subjects, age, height, body weight, or body mass
index were observed between the two groups. In addition,
no significant difference was seen in either the percentage
of subjects who had experienced falls during the previous
year (78.6% in the squat training group versus 71.4% in the
control group) or the percentage of subjects who had a history
of clinical fractures (14.3% in the squat training group versus
21.4% in the control group). A clinical fracture had occurred
at the spine and proximal humerus (n=1) in the squat training
group and at the spine (n=1) and distal radius (n=3) in the
control group. The main locomotive disorders were knee
osteoarthritis (n=11) and/or lumbar spondylosis (n=14) in
the squat training group and knee osteoarthritis (n=12) and/or
lumbar spondylosis (n=11) in the control group.
WBV + squat training

WBV exercise + squat training with both knees and
hips bent from 45 degrees to 60 degrees and extended
from 60 degrees to 45 degrees 20 times/minute for 4 minutes

Figure 1 WBV exercise and squat training. WBV exercise was performed using a Galileo machine (G-900; Novotec, Pforzheim, Germany). The subject stands with knees bent
(by 45 degrees) and hips bent (by 45 degrees), with feet 20 cm apart on a rocking platform with a sagittal axle that alternately thrusts the right and left legs upwards and downwards,
thereby activating the muscles of the lower extremities. Each WBV exercise session was set at a frequency of 20 Hz and for a duration of 4 minutes. In the control group, only WBV
exercise was performed. In the squat training group, squat training was added on the rocking platform of the Galileo machine during the 4-minute WBV exercise session.
Abbreviation: WBV, whole body vibration.
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Table 1 Baseline characteristics of study subjects
N
Male/female
Age (years)
Height (m)
Body weight (kg)
Body mass index (kg/m2)
Faller in the past 1 year (%)
History of clinical fracture (%)

Squat training

Control

P-value

14
6/8
72.3±6.5
1.52±0.07
54.0±9.1
23.2±3.1
78.6
14.3

14
6/8
72.5±4.6
1.51±0.10
50.9±7.7
21.6±1.6
71.4
21.4

NS
NS
NS
NS
NS
NS
NS

Notes: Data are expressed as mean ± standard deviation. An unpaired t-test was
used to compare the anthropometry data between the two groups. The Fisher’s
exact test was used to compare the ratio of male to female patients, the percentages
of subjects who had fallen in the past 1 year, and the percentages of subjects with
prior clinical fractures between the two groups.
Abbreviation: NS, not significant.

Table 2 shows the baseline physical function of the study
subjects. No significant differences in any of the baseline
physical function parameters were observed between the
two groups.

Changes in physical function
Figures 2 and 3 show the longitudinal changes in static body
balance and walking ability parameters and in dynamic body
balance and muscle power parameters, respectively. Table 3
shows the results of the one-way and two-way analyses of
variance with repeated measurements. In the squat training
group, all parameters improved significantly from baseline
values, whereas in the control group, all parameters except
for tandem gait step number and 5-repetition chair-rising
time improved significantly from baseline values (one-way
analysis of variance with repeated measurements). The
tandem gait step number and 5-repetition chair-rising time
improved significantly from baseline values in the squat
training group compared with the control group (two-way
analysis of variance with repeated measurements).
Table 2 Baseline physical function–body balance, muscle power,
and walking ability indices

Tandem standing time (sec)
10 m tandem gait time (sec)
Tandem gait step number (#)
Timed up and go (sec)
5-repetition chair-rising
time (sec)
10 m walking time (sec)
10 m walking step number (#)

Squat
training

Control

P-value

122±94
20.5±5.8
29.5±4.4
8.8±2.1
10.7±2.8

103±92
18.6±6.1
28.1±6.4
9.6±3.0
12.2±4.5

NS
NS
NS
NS
NS

9.4±3.6
22.9±4.5

12.0±5.0
23.2±6.4

NS
NS

Notes: Data are expressed as mean ± standard deviation. An unpaired t-test was
used to compare physical function parameters between the two groups.
Abbreviation: NS, not significant.
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None of the participants in the squat training group fell,
but two (14.3%) participants in the control group experienced two falls during the 6-month study period, with
one participant suffering a mild contusion. No fall-related
fractures were observed in any of the fallers. The incidence
of falls and fall-related fractures did not differ significantly
between the two groups.

Adverse events of WBV
exercise and squat training
No serious adverse events, such as severe injuries or adverse
cardiovascular effects, were observed. The exercise and
training programs were considered to be safe and were well
tolerated.

Discussion
The present study confirmed that WBV exercise alone
improves indices of body balance and walking velocity from
baseline values in elderly adults. However, WBV exercise
plus squat training was more effective for improving tandem
gait step number and chair-rising time compared with WBV
exercise alone. These results suggest a beneficial effect of
WBV exercise plus squat training for improving physical
function in terms of dynamic body balance and muscle
power in elderly adults with locomotive disorders such as
knee osteoarthritis and spondylosis.
We administered WBV exercise to the subjects on two
days per week at a frequency of 20 Hz and for a duration
of 4 minutes. The intensity and frequency of the exercise
program were considered to be reasonable for elderly adults
(mean age 72.4 years), enabling the exercise to be continued
for 6 months without any fatigue or difficulty. Compliance
with exercise is an important factor for preventing falls
among the elderly, and was 100% in our study. WBV exercise not only improved the subjects’ physical functioning,
ie, body balance (tandem standing time, tandem gait time,
and TUG), and walking velocity from baseline values, but
was also well tolerated. No serious adverse events, such as
fall-related fractures or adverse cardiovascular effects, were
observed in any of the subjects during the exercise program,
suggesting the safety of WBV exercise.
One possible mechanism explaining the effect of WBV
exercise on physical function may be that a chain of rapid
muscle contractions during exercise might directly activate
the neuromuscular system in the lower extremities. Another
possibility may be the rapid stimulation of growth hormone
secretion after WBV exercise, because WBV exercise has
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Figure 2 Changes in static body balance and walking ability parameters. The data are expressed as the mean ± standard error. A one-way analysis of variance with repeated
measurements showed that all parameters improved significantly from baseline values in both groups. However, a two-way analysis of variance with repeated measurements
showed that improvement of one-leg standing time, but not tandem standing time, 10 m walking time, and 10 m walking step number, was significantly greater in the squat
training group than in the control group.

been shown to elicit an acute growth hormone profile and
neuromuscular performance responses immediately after
the exercise.10
However, because of the lack of a non-WBV exercise
control group, whether these changes in physical function
parameters were attributable to the WBV exercise itself
remain uncertain. Our previous randomized controlled
trial in postmenopausal osteoporotic women (mean age
74.2 years) treated with alendronate showed that WBV
exercise improved tandem standing time and walking
velocity, but not TUG and chair-rising time compared
with nonexercising controls.5 The present study confirmed
that WBV exercise plus squat training was more effective for improving tandem gait step number (dynamic
body balance) and chair-rising time (muscle power) than
WBV exercise alone and was also well tolerated. Squat
training might have trained the quadriceps and gluteus
medius muscles and improved joint movement in the lower
extremities, resulting in improvements in body balance
and muscle power.
Several studies have determined the benefit of a combination of WBV exercise and squat or resistance training on

Therapeutics and Clinical Risk Management 2014:10

physical function and muscle activity compared with squat
training alone in young adults. Lamont et al11–13 showed that
a 6-week squat training program with WBV exercise was
more effective for improving the 20 kg squat jump height,
the peak power of a 20 kg squat jump and 30 cm depth jump,
and the rate of force development to the initial peak in force
as evaluated using an isometric squat test, compared with
squat training alone. Hazell et al14 showed that addition of
WBV exercise to dynamic squatting resulted in increased
muscle activity in the lower limbs. Conversely, Kvorning
et al15 reported that combined WBV and resistance training
did not additionally increase the maximal isometric voluntary
contraction during the leg press. Artero et al16 reported that
addition of WBV exercise to resistance training during an
8-week study period did not result in greater improvement of
muscular performance compared with an identical exercise
program performed without vibration. Rønnestad17 showed
that squatting on a vibration platform resulted in a similar
improvement in maximal strength and explosive power
compared with squatting without vibration. Based on these
previous reports, whether combination of WBV exercise and
squat training has a beneficial effect on physical function
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Figure 3 Changes in dynamic body balance and muscle power parameters. The data are expressed as the mean ± standard error. A one-way analysis of variance with
repeated measurements showed that all parameters improved significantly from baseline values in the squat training group, whereas 10 m tandem gait time and TUG
improved significantly from baseline values in the control group. Tandem gait step number and 5-repetition chair-rising time improved significantly from baseline values in the
squat training group compared with the control group.
Abbreviation: TUG, Timed Up and Go.

compared with squat training alone in young adults remains
controversial.
In elderly adults, Avelar et al18 showed that addition of
WBV exercise to squat training failed to result in significant
improvements in functional performance or self-reported
status of knee osteoarthritis compared with squat training
Table 3 One- and two-way ANOVAs with repeated measure
ments (P-values)

Tandem standing time
10 m tandem gait time
Tandem gait step number
Timed up and go
5-repetition chair-rising time
10 m walking time
10 m walking step number

One-way ANOVA

Two-way
ANOVA

Squat
training

Control

Squat vs
control

,0.001
,0.01
,0.0001
,0.0001
,0.0001
,0.0001
,0.0001

,0.001
,0.0001
NS

NS
NS

,0.0001
NS
,0.0001
,0.01

,0.0001
NS
,0.0001
NS
NS

Notes: A one-way ANOVA with repeated measurements was used to analyze
the longitudinal changes in physical function parameters within a group. A twoway ANOVA with repeated measurements was used to compare the longitudinal
changes in physical function parameters between the two groups.
Abbreviations: ANOVA, analysis of variance; NS, not significant; vs, versus.
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alone. This result might be partly attributable to the relatively
short duration of treatment (12 weeks). However, the benefit
of squat training in addition to WBV exercise remains uncertain. Our positive outcome (WBV exercise plus squat training
versus WBV exercise alone) might have been related to the
longer period of treatment (6 months) and performance of
adequate WBV exercise plus squat training as instructed by
experts. Thus, it is recommended that physicians prescribe
exercise therapy with WBV exercise plus squat training,
rather than WBV exercise alone, in elderly adults.
Despite a favorable improvement in physical function,
the incidence of falls was not significantly reduced by WBV
exercise plus squat training compared with WBV exercise
alone (0% in the squat training group versus 14.3% in the
exercise group). Thus, the magnitude of the clinical effect of
squat training in addition to WBV exercise remains uncertain.
However, one possibility for the lack of a significant effect
of WBV exercise plus squat training on the incidence of falls
may be inadequate statistical power. The duration of the
presently reported study was 6 months and the sample size
was 28 (n=14 in each group). Further, the standard deviations of some physical function parameters were relatively
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high because the groups were heterogeneous (especially
in terms of age, which certainly influences muscle mass).
Long-term exercise is needed to reduce the lifetime risk of
falls and fall-related fractures in elderly adults. However,
because our exercise program was relatively easy for subjects
(mean age 74.2 years) to continue, we believe that it could
be continued without any difficulty.
TUG, which consists mainly of chair-rising, walking,
turning, and sitting, is known to be a reliable and valid test
for quantifying functional mobility.19 However, the results
for TUG were not improved by WBV exercise plus squat
training compared with WBV exercise alone, suggesting that
our exercise program may not be useful for turning actions in
patients with locomotive disorders such as knee osteoarthritis
or spondylosis.
The limitations of the present study should be discussed.
First, the study period was relatively short (6 months).
Long-term exercise is needed to reduce the lifetime risk of
falls and fall-related fractures. Second, the number of study
subjects was too small to obtain significant results regarding
the incidence of falls, even though statistically significant
results regarding physical function were obtained. Third,
we did not evaluate vitamin D insufficiency/deficiency by
measuring serum 25(OH)D levels, and we did not provide
calcium/vitamin D supplements to the subjects. In Japan,
vitamin D supplementation is uncommon, and measurement
of serum 25(OH)D levels is not covered by health insurance.
Because low serum levels of 25(OH)D are correlated with
an increased risk of falls and vitamin D supplementation
reduces the incidence of falls in elderly adults,20–22 evaluating
vitamin D status is important. Fourth, because there was no
control group in which participants performed either WBV
exercise or squat training, the effect of WBV exercise alone
on physical function remains unclear. Fifth, because of the
open-label nature of this study, physical function was not
assessed in a blinded manner, so its outcome might have
been biased. Further, the study was performed at a single
center so there might have been a bias in selection of the study
subjects. Thus, further studies are needed to overcome these
study limitations.
In conclusion, we conducted the present study to confirm the beneficial effect of 6 months of WBV exercise plus
squat training on physical function, including body balance,
muscle power, and walking ability, in elderly adults with
knee osteoarthritis and/or spondylosis. WBV exercise alone
improved indices of body balance and walking velocity from
baseline values. However, WBV exercise plus squat training
was more effective for improving tandem gait step number
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and chair-rising time compared with WBV exercise alone.
These results suggest the benefit and safety of WBV exercise
plus squat training for improving physical function in terms
of body balance and muscle power in elderly adults.
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