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Abstract

Background: A decline in neuromuscular function can cause a decrease in physical fitness in elderly women.
Objective: The present study aimed at investigating whether whole body vibration (WBV) training and creatine supplementation
could affect muscle strength, mobility, and balance in elderly women in short- term.
Methods: The participants were 22 healthy elderly women aged 60 to 80 years, who were randomly divided into the whole-body
vibration and creatine (WBV + Cr) group, whole-body vibration and placebo (WBV + P) group, and control group. The whole-body
vibration group performed exercises for 10 days. The participants in WBV + Cr group consumed 20 g oral creatine supplement per
day from the first to the fifth day, which was followed by consuming 5 g of creatine per day for the next 5 days. To assess mobility
performance, a 30-meter walking and tandem gait tests were applied. Static and dynamic balance were measured by Flamingo and
Timed-Up and Go (TUG) tests. Muscle isometric and isotonic strength were assessed by dynamometer and leg extension tests.
Results: No significant difference was found in static balance (P = 0.11), but WBV + Cr and WBV + P groups showed better results in
dynamic balance (P = 0.001 and P = 0.009, respectively). Moreover, leg isotonic strength improved significantly in WBV + Cr and WBV
+ P groups (P = 0.001 and P = 0.001, respectively). However, leg isometric strength and 30-meter walking performance significantly
improved only in WBV + Cr group compared to the control group. Moreover, no significant differences were observed in isometric
strength of the hand (P = 0.89) and tandem gait test results among the groups (P = 0.25).
Conclusions: A short-term WBV exercise improves isotonic strength of the leg muscle and dynamic balance, while creatine supple-
mentation with and without WBV training increases isometric strength of the leg muscle and mobility in elderly women.
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1. Introduction

One of the most important issues in maintaining and
improving health and quality of life among the elderly is
independency in activities of daily living (1). In the elderly,
Sarcopenia results in the reduction of muscle mass that
directly leads to a decline in muscle strength (2). Muscle
weakness and inability to produce rapid forces are consid-
ered important factors in the loss of functional indepen-
dence and falls in the elderly (2). In addition, feeble balance
and mobility cause a decrease in independence of daily ac-
tivity, which increases the risk of falls among the elderly
(3). Falls may lead to fractures and consequently decrease
the quality of life, increase disability, and impose high eco-

nomic costs on the health service system (3).

Some elderly people are not eager or not able to do con-
ventional exercise trainings (4), so seeking and evaluating
new forms of exercises is of great importance in this pop-
ulation. Whole body vibration (WBV) has been proposed
as a new form of exercise training: a potentially safe and
a low contact exercise. In addition, WBV seems to be use-
ful in preventing muscle and bone degeneration in people
with limited mobility and exercise tolerance. Additionally,
WBV is safe compared with other customary trainings like
high contact or strenuous exercise trainings (5). Therefore,
WBV training could be considered as a mild training ap-
proach to improve neuromuscular performance and phys-
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ical fitness. Standing on WBV devices begets a reflectory
response in the leg and postural muscles, which is called
“tonic vibration reflex” (6). Furthermore, through the vi-
bratory stretch reflex, in which muscle spindle and Ia af-
ferents activate a myotactic stretch reflex and produce me-
chanical vibration, WBV training may activate muscles and
improve their performance (7).

Several studies investigated the effect of WBV on health
and performance related components of physical fitness in
the elderly. Some studies investigated the effects of WBV
on muscle strength, balance, and functional mobility, and
reported its positive effects (2, 6, 8-10). In a meta- analysis,
Lau et al. (2011) suggested that WBV training might signifi-
cantly improve leg muscle strengths in the elderly (11). Fur-
thermore, authors reported that use of WBV improves bal-
ance and mobility and may decrease risk factors related to
falling in the elderly (8, 12-14). In some studies, compari-
son of WBV and resistance training has shown that both
training methods result in almost the same level of im-
provement in muscle strength and other physical fitness
factors (15-18). Moreover, if WBV training program is de-
signed based on the overload principle, it could be helpful
in combating Sarcopenia (18, 19).

On the other hand, it has been shown that muscle crea-
tine, muscle mass, and strength decrease with ageing and
physical inactivity (20). Aging also leads to a decline in
total creatine and phosphocreatine (PCr) in muscles (21,
22). Furthermore, the rate of post exercise PCr synthesis de-
creases about 8% in every decade of life after the age of 30
(22). Existing evidences suggest that creatine supplemen-
tation may reverse these events and could subsequently
improve performance in daily activities (20). Several stud-
ies have found that consuming creatine supplement, in-
dependent of exercise, may cause an increase in fat-free
mass, cause resistance against fatigue, and improve mus-
cle strength and performance in activities of daily living in
elderly adults (20, 21). Furthermore, creatine supplementa-
tion plus resistance training has been shown to have more
desirable effects on physical fitness and performance in
the elderly compared to the resistance training alone (20).

There are evidences in support of short-time (5 - 7 days)
oral creatine supplementation effectiveness on the ability
to improve performance of functional living tasks, mean
power output, and functional capacity in fatigue thresh-
old (23-25). By reviewing the existing evidences, Dalbo
et al. (2009) concluded that creatine supplementation is
an effective nutritional intervention for diminishing Sar-
copenia in the elderly, especially, if it is combined with
resistance-type exercises (22).

Although several previous studies investigated the ef-
fect of WBV training or creatine supplementation sepa-
rately on physical fitness and performance in the elderly,

some have reported desirable results. However, to the best
of our knowledge the combination effect of these inter-
ventions on neuromuscular performance and physical fit-
ness has not been studied in elderly women. Therefore,
the present study aimed at investigating the effect of WBV
training along with creatine supplementation on neuro-
muscular performance and some physical fitness factors in
the elderly women.

2. Methods

This was a 10-day, double-blinded, randomized trial of
exercise with assessments at baseline and after 10 days
of the intervention. The present study was confirmed by
Iranian research center on aging at the University of So-
cial Welfare and Rehabilitation Sciences (USWR). The ethics
committee of USWR approved this study (ethics number
91/801/t/1/7228). Elderly women were recruited from a nurs-
ing home in city of Brojen, Shahrekord (Iran). Individu-
als were screened by a physician who checked the exclu-
sion criteria. Elderly women were excluded if they had the
following conditions: (1) Being older than 60 to 80 years;
(2) those who were currently taking medications affecting
neuromuscular performance and fall risk; (3) those with
implants in the lower extremity or the spine; (4) women
who had a current medical condition for which exercise
was contraindicated; (5) those who regularly participated
in resistance training or aerobic training in the last 2 years;
(6) women who had contraindications for participation in
WBV (diabetes, neuromuscular and heart diseases, stroke,
implant, bypass, stent, arthritis, and other joint disease,
epilepsy) (26). Finally, 22 women (mean age 66 ± 5 years),
who signed the consent form after reading the informa-
tion sheet about the study, were recruited and matched for
body mass index (BMI).

The participants were randomly assigned into 1 of the
following groups: The WBV + creatine (Cr) supplementa-
tion group (n = 8), the WBV + placebo group (n = 7), and
the control group (n = 7). The WBV groups performed ex-
ercises consecutively in 10 days on a Galileo vibration ma-
chine (Novotec, Pforzheim, Germany). The participants
in the training groups stood on the oscillating platform,
which was associated to peak-to-peak amplitude of 5 mm
of vertical vibration; and we set the frequency at 30 to
35 Hz. The work-to-rest ratio was 1:1 (Table 1). The train-
ing positions were as follow: (1) standing straight with
knees semi-locked; (2) isometric squat at a knee angle of
approximately 120°; (3) kneeling on the floor with arms
straight and hands placed on the platform; (4) squatting at
a rhythm of 2 seconds up and 2 seconds down at a knee an-
gle of approximately 120°; (5) lunge position with the left
leg on the platform and the right leg on the ground; and (6)
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lunge position with the right leg on the platform and the
left leg on the ground (27). Whole body vibration training,
and warming up and cooling down lasted up to 30 min-
utes. Physical fitness professionals supervised all the train-
ing sessions. Then, we gradually increased the training vol-
ume and intensity based on the overload principle.

A double-blinded, placebo-controlled design was ac-
complished. The WBV group consumed creatine mono-
hydrate (Creatine Fuel®, Twin Laboratories, Inc., Haup-
pague, NY), and the placebo group received the same pow-
dered dextrose. Creatine supplementation dosage for the
first 5 days (loading phase) was 20 g/day body mass-1 daily,
packed into 3 equivalent dosages to be drunk with each
major meal; and the participants consumed 5 g/day after
WBV training for 5 consecutive days (preservation phase)
(28). The participants of the WBV + placebo group pursued
the identical procedure, but their parcels contained dex-
trose. The participants in the control group did not partic-
ipate in any training programs, and they were asked not to
change their lifestyle during the study.

Baseline and follow-up measurements were conducted
at the same time during the day by the same research assis-
tant, who was blinded to grouping of the participants and
the aims of the study. All participants fulfilled a familiar-
ization session for tests before the study was initiated. The
outcome measures were performed prior and after the 10-
day training program. All the safety issues were considered
for the participants.

We used a hand grip dynamometer to measure the
maximal isometric strength of hand (dynamometer,
YAGAMI, TY-300i, Nagoya, Japan). The participants held
the dynamometer with the dominant hand, with the arm
at right angles and the elbow at the side of the body. The
handle of the dynamometer was adjusted if required. The
participants were asked to squeeze the dynamometer with
maximum isometric force and were asked to maintain the
contraction for about 2 seconds. Griping contraction force
was recorded to the nearest 0.1 kg. The best score result
was recorded, with at least 2 minutes recovery between
each effort.

Isometric strength of the legs was measured by full
body dynamometer (dynamometer, YAGAMI, TY-300i,
Nagoya, Japan). The participants performed a maximal
voluntary isometric contraction of the knee extensors
thrice. The knee joint angle was 130° and the upper body
was upright. Each contraction lasted 3 seconds, and it
was separated by a 2-minute rest interval. After 3 trials,
the best score (kg) was recorded as isometric strength
performance.

To measure leg dynamic strength, we used leg exten-
sion machine by universal knee flexor/extensor bench. Af-
ter a 5-minute warm-up, the resistance was set close to

the participant’s one repetition maximum load. The par-
ticipants sat on the bench with the pad edge against the
back of the knee joint and performed a series of flexion-
extension movements. The participants hooked their feet
against the padded rollers, while grasping the handles.
They performed leg extensions until exhaustion. The num-
ber of successful leg extensions was recorded. If the num-
ber of leg extensions exceeded 8, then the participant
rested for 10 minutes, and the resistance increased and
then she would repeat the test. The records of the partici-
pant or 1 maximum repetition (1RM) was calculated accord-
ing to the following formula (29):

1RM = (0.92 × Weight) + (0.79 × Repetition) - 3.73; r =
0.90, SEE = 2.04 Kg

The Flamingo Balance test is a total body balance test.
This single leg balance test assesses the static balance. The
participants were asked to stand on the mattress with
shoes removed. They were asked to maintain balance by
holding the instructor’s hand, and while balancing on the
preferred leg they had to hold the free leg flexed at the knee
and close to the buttocks. The test started as the instruc-
tor let the participant to stand-alone without support. The
stopwatch stopped each time the participant lost her bal-
ance. The test was repeated 3 times, and the best score (to
the neared 0.01 s) was recorded.

The dynamic balance was evaluated by timed-up and
go-test (TUG). The TUS test involved rising from a chair,
walking 3 meters, marking a line on the floor, turning
around, and walking back to the chair and sitting back
down on the chair as fast as possible. A 43.2-cm-high chair
with backrest and without arms was prepared for the test.
The best performance of the 3 trials was used for analysis,
and a 2- minute rest was considered between each trail. In-
traday reliabilities of the TUG test and turning time were
0.92 and 0.90, respectively.

To evaluate the neuromuscular function, we used func-
tional tests that included tandem gait test and 3o-meter
walking test. The tandem gait test measured time of walk-
ing along a 6- meter line as fast as possible so that each foot
was in tandem position (heel of one foot straight in front
of and in contact with the toe of the other foot). Three tri-
als were conducted, one- minute rest was taken between
each trial, and the fastest trials were recorded. The times
that the participants were required to walk a 30- meter line
marked, they walked as fast as possible without the use of
any aids. At first, the participants who fulfilled the 3 trails
were carried with a 2- minute rest between trails. The best
time was recorded to the neared 0.01 second by an elec-
tronic stopwatch.

Kolmogorov-Smirnov test was used to test the normal-
ity of the variables. The correlation between pretest and
posttest data was significant in the variables; ANCOVA test
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Table 1. Whole Body Vibration (WBV) Training Protocol

Sets WBVDuration, s Rest, s Amplitude,mm Frequency, HZ

Day 1 - 2 6 45 45 5 30

Day 3 - 4 6 50 50 5 30

Day 5 6 55 55 5 30

Day 6 6 55 55 5 35

Day 7 - 8 6 60 60 5 35

Day 9 - 10 6 65 65 5 35

was used to compare the groups. If the correlation be-
tween pretest and post-pre/pre was not significant in vari-
ables, one-way ANOVA test was used. If there was a sig-
nificant difference between the groups, Tukey and Sidak
post hoc tests were used. Data were analyzed by (statistical
package for the social sciences) SPSS 18.0 software for win-
dows (SPSS Inc. Chicago, IL). Level of significance was set at
≤ 0.05.

3. Results

Participants’ characteristics (Mean ± SD) are pre-
sented in Table 2.

There were no significant differences (P > 0.05) be-
tween the groups among any variables at baseline. There
were no reports of adverse side effects in the WBV groups.
Most of the participants enjoyed the vibration and did not
consider it a difficult exercise. The overall average alle-
giance (number of exercise classes attended as a percent-
age of the total number of classes) to the training program
was 97.8%.

Table 3 demonstrates the results of the strength, bal-
ance, and functional performance at baseline and posttest.

To evaluate the results of leg and hand isometric
strength, 30- meter walking, tandem gait, ANOVA test (Ta-
ble 4), and Tukey post hoc test were used.

The one-way ANOVA results revealed no significant dif-
ferences in isometric strength of the hand (P = 0.89) and
tandem gait performance (P = 0.25); however, increase was
significant in isometric strength of the leg (P = 0.02) and
the 30- meter walking test (P = 0.04) between the groups.
Tukey test revealed differences in the 2 later variables that
was related to WBV + Cr group compared to the control
group (P = 0.016 and P = 0.020, respectively).

ANCOVA (Table 5) and Sidak post hoc tests were used to
evaluate the results of static and dynamic balance and leg
isotonic strength.

The ANCOVA results revealed no significant improve-
ment in static balance variable (P = 0.11). In contrast, dy-
namic balance (P = 0.001) and leg isotonic strength (P =

0.001) were significantly increased. Post hoc test revealed
that dynamic balance was improved in both experimen-
tal groups, WBV + Cr (P = 0.001), and WBV + P (P = 0.009)
compared to the control group. Furthermore, leg isotonic
strength increased in WBV + Cr (P = 0.001) and WBV + P (P =
0.001) groups.

4. Discussion

Our specific aims were to evaluate whether the combi-
nation of WBV and creatine consumption would improve
neuromuscular performance and physical fitness in elder
women. Thus, we reported some key findings. First, we
found that WBV training with and without creatine sup-
plementation led to significant improvement in leg mus-
cle dynamic strength in 10 days, but no significant change
was observed in hand strength. However, WBV training
without creatine did not change the isometric strength of
the leg muscle. Therefore, consumption of creatine sup-
plement increased isometric strength of the leg in elderly
women for 10 days. Improvements in strength have been
reported after WBW training (2, 10, 16, 17, 30-32) in several
previous studies with different durations. However, some
other studies have not reported significant improvements
in strength after WBW training (8, 9). In our previous study,
we found that WBV training and creatine supplementation
did not improve hand and leg strength in elder men in
the short- term (33). It seems that duration of training is a
determinant factor; and in those studies that an improve-
ment in strength after WBV training was reported, training
duration varied from 6 weeks to a year. Moreover, the find-
ings on the effect of creatine supplementation with dif-
ferent time periods on strength are inconsistent. In some
studies, a significant increase was reported in leg and hand
strength after 7 (23, 24) and 14 days (34) of creatine sup-
plementation, while no significant changes have been re-
ported even after 52 days (35) and 6 months of supplemen-
tation (36) in other studies. In a study, a significant im-
provement was reported in leg strength after 14 weeks of
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Table 2. Participants’ Characteristics by Group

Age, y Height, cm Weight, kg BMI, kg/m2

WBV + Cr (n = 8) 64.87 ± 3.35 153.25 ± 3.91 65.92 ± 12.61 27.91 ± 4.06

WBV + P (n = 7) 66 ± 4.58 153.28 ± 6.72 60.62 ± 11.30 25.70 ± 3.82

C (n = 7) 68 ± 9.20 153.57 ± 4.96 66.61 ± 14.93 28.08 ± 5.28

Table 3. Before and after Values of Variables in the Studied Participantsa

Variable Groups Pretest Posttest

Strength

Hand isometric, kg

WBV + Cr 17.43 ± 5.04 18.25 ± 4.88

WBV + P 18.71 ± 4.27 18.64 ±5.03

C 18.85 ± 4.72 17.57 ± 2.84

Leg isometric, kg

WBV + Cr 31.12 ± 9.47 34.75 ± 14.51

WBV + P 22 ± 11.22 23.71 ± 10.32

C 15.85 ± 8.93 15.85 ± 9.65

Leg isotonic, kg

WBV + Cr 14.59 ± 3.11 21.92 ± 3.32

WBV + P 10.69 ± 4.25 16.46 ± 4.62

C 12.12 ± 5.83 12.8 ± 6.41

Balance

Static balance, s

WBV + Cr 22.67 ± 13.01 51.85 ± 33.16

WBV + P 35 ± 27.89 47.94 ± 33.26

C 17.41 ± 17 20.56 ± 14

TUG, s

WBV + Cr 6.15 ± 0.44 4.75 ± 0.55

WBV + P 6.31 ± 1.33 5.11 ± 0.60

C 6.09 ± 1.41 6.12 ± 1.03

Functional performance

30-m walking, s

WBV + Cr 18.62 ± 1.78 15.65 ± 1.30

WBV + P 19.7 ± 2.90 16.85 ± 1.96

C 20.3 ± 3.82 20.01 ± 4.38

Tandem gait, s

WBV + Cr 13.8 ± 2.50 10.28 ± 2.33

WBV + P 15.46 ± 4.04 11.2 ± 2.24

C 15.06 ± 4.66 13.81 ± 4.75

aValues are expressed as the mean ± SD.

resistance training plus creatine supplementation, but the
authors reported significant changes in hand strength (13).
The differences in the findings might be due to the type
of strength assessment. Studies that assessed the dynamic
strength or isotonic maximal force reported that creatine
supplementation may have positive effects on strength,
but more diversity results were found in studies in which
isokinetic strength has been measured. Moreover, stud-
ies that assessed isometric strength reported that crea-
tine supplementation has had small but positive effects on
strength (37). In our study, we assessed hand isometric and
leg isometric and isotonic strength, and it could have af-

fected the results because leg dynamic strength increased,
while isometric strength did not improve in comparison
to the control group.

Second, we found no significant differences in static
balance among the groups. On the contrary, dynamic bal-
ance was improved in WBV training + creatine and WBV +
placebo groups compared to the control group. Thus, it
seems that WBV training with and without creatine sup-
plementation may improve dynamic balance in elderly
women within 10 days. Some previous studies reported im-
provement in dynamic and static balance after different
WBV training periods (8, 13, 38-40). In addition, it has been
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Table 4. The Results of ANOVA in the Studied Variables

Variable Source Mean Square Df F P Value

Leg isometric strength
Group 1356.07 2 4.81 0.02*

Error 2673.78 19 - -

Hand isometric strength
Group 4.12 2 0.107 0.89

Error 367.57 19 - -

30meters walking
Group 74.17 2 4.41 0.04*

Error 150.40 19 - -

Tandemgait
Group 30.79 2 1.45 0.25

Error 200.84 19 - -

Table 5. The Results of ANCOVA in the Studied Variables

Variable Source Mean Square Df F P value

Static balance

Baseline 5866.95 1 10.94 0.004

Group 2664.66 2 2.48 0.11

Error 9648.51 18 - -

Dynamic balance

Baseline 4.30 1 4.297 0.003

Group 7.79 2 10.94 0.001*

Error 6.40 18 - -

Leg isotonic strength

Baseline 368.11 1 78.16 0.001

Group 173.79 2 18.45 0.001*

Error 84.77 18 - -

found that WBV training might improve balance and pos-
ture control of those who suffer from heart attack, Parkin-
son disease, and multiple sclerosis (18, 41). In our previous
study, we found that WBW training and creatine supple-
mentation did not affect the static and dynamic balance in
elder men in the short- term (42).

One of the most important factors affecting the
sensory-motor integration is the myotatic reflex, which is
done by muscle spindles (15). It has been proposed that
WBV may enhance the sensitivity of the muscle spindles
and may improve the speed of neuromuscular responses.
Moreover, WBV could improve the coactivation of alpha
and gamma motor neurons that may finally lead to fa-
cilitation of muscular contractions. Enhancement of the
sensitivity of the muscle spindles and improvement in
neuromuscular responsiveness that were observed follow-
ing WBV, have been proposed as the possible reasons of
improvement in balance after WBW training. The other
possible reason may be related to the central effects of
WBW training that may improve the agonist and antago-
nist muscles coordination. The coordination of lower limb
agonist and antagonist muscles, especially those around

the ankle joint, is of great importance in ankle fixation and
plays an important role in balance maintenance (15).

Evidence shows that there is a strong relationship be-
tween balance and strength. Wolfson et al. (1995) studied
the effect of lower limb strength, walking, and balance on
the frequency of falling in nursing home residents. They
reported that the increase in strength was accompanied
with fewer falls. Thus, they concluded that there is a strong
relationship between lower limb strength, balance, and
walking (43). Furthermore, Wiacek et al. (2009) found a
significant correlation between lower body strength and
balance in elder women (44). Our findings are also con-
sistent with their results, indicating that an increase in leg
static and dynamic strength is accompanied by improve-
ment in balance.

Third, our results revealed that WBV training along
with creatine supplementation led to significant improve-
ment in 30- meter walking performance, while WBV alone
did not improve this variable. In fact, it means that crea-
tine supplementation improved performance. In contrast,
most of the previous studies have demonstrated that WBW
training has significant effects on neuromuscular perfor-
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mance and motor function (2, 13, 45). Moreover, results of
some other studies have shown that short-time creatine
supplementation may improve motor fitness (23-25). On
the contrary, some researchers reported that combined re-
sistance training and creatine supplementation for 14 days
(34), 30 days (46), and 14 weeks (47) did not result in im-
provement in lower body performance. Moreover, in our
previous study, we found that combined creatine supple-
mentation and WBW training (10 days) did not have signif-
icant effects on neuromuscular performance in the short-
term (42).

Perhaps neural adaptations are not only the most rel-
evant mechanism of balance and strength improvement
in strength training but also in vibration training. In addi-
tion, it is suggested that vibration training induces biolog-
ical adaptation such as neural potentiation, which is com-
parable to that of resistance and explosive strength train-
ing (10). Because vibration training results in increased
muscle activity in the elderly, most of the strength gain
may be related to muscles stimulation by the vibratory
stimuli (10). In addition, improvement in lower body func-
tion following training is subject to increased strength,
and there is a strong relationship between strength and
the ability to perform daily activities such as walking, get-
ting up, and sitting on a chair, and climbing stairs. More-
over, several studies have found that increase in strength
and improvement in performance occurred simultane-
ously (23, 24, 30). Accordingly, the increase in leg strength
may be a possible mechanism for improvement in the 30-
meter walking performance in our study.

However, duration of intervention is a determinant
factor. Because compared to our 10-day training proto-
col, long-term WBV training resulted in beneficial gains
in muscle strength and balance, and other physical fit-
ness factors. In addition, gender was another factor that
might have influenced the results, so in our previous simi-
lar study, which was conducted on elderly men, we did not
observe any changes in these variables (33, 42). Hence, di-
versity in the time of training intervention and gender of
the participants might have affected the results.

In addition, individual characteristics and basic lev-
els of intracellular creatine of the participants could influ-
ence creatine efficiency. Therefore, in response to creatine,
people can be categorized into responders and nonrespon-
ders; thus, based on this fact, it may be possible that peo-
ple give positive response to creatine supplementation or
show no change (36, 37, 47). Candow et al. (2008) showed
that those who had less basic level of total intracellular cre-
atine, experienced more response to creatine supplement
with resistance training (48). Therefore, it seems that el-
derly adults who have low creatine level are flexible to cre-
atine, whereas those elderly adults who have high creatine

level in their muscles are considered as inflexible and show
less response to creatine. Although we did not measure the
amount of total creatine and phosphocreatine, this factor
could have affected the outcome.

With respect to the physical fitness and motor per-
formance, factors such as difference in intensity, time,
position of exposure on WBV device, and kind of device
are among the reasons for the variation in the studies.
Thus, different results should be interpreted with caution,
because in some cases even very little changes in inten-
sity and amplitude have significant effects on the results.
Moreover, dynamic or static training on WBV device, num-
ber of repetitions, and rest between repetitions are other
factors that may affect the outcome. Although many re-
searches have been conducted in this field, there is no con-
sensus on the practical and operative protocol.

Acknowledgments

The authors thank Amin nursing home center and
those who kindly participated in the study. This study
was confirmed by Iranian research center on aging at
the University of Social Welfare and Rehabilitation Sci-
ences (USWR). The ethics committee of USWR approved
this study (ethics number 91/801/t/1/7228).

Footnotes

Authors’ Contribution: Study concept and design:
Maryam Goudarzian, Robab Sahaf, and Mostafa Rahimi;
data acquisition: Mostafa Rahimi, Ali Samadi, and Samira
Ghavi; data analysis and interpretation: Karimi, Samadi;
drafting of the manuscript: Goudarzian, Mostafa Rahimi,
Ali Samadi, and Noureddin Karimi; critical revision of the
manuscript for important intellectual content: Robab Sa-
haf; statistical analysis: Noureddin Karimi, Ali Samadi;
administrative, technical, and material support: Maryam
Goudarzian, Mostafa Rahimi, Ali Samadi, and Noureddin
Karimi; study supervision: Maryam Goudarzian, Robab Sa-
haf.

Funding/Support: This study was funded by Iranian re-
search center on aging at the University of Social Welfare
and Rehabilitation Sciences (USWR).

References

1. Arslantas D, Unsal A, Metintas S, Koc F, Arslantas A. Life qual-
ity and daily life activities of elderly people in rural areas, Es-
kisehir (Turkey). Arch Gerontol Geriatr. 2009;48(2):127–31. doi:
10.1016/j.archger.2007.11.005. [PubMed: 18215432].

Asian J Sports Med. 2017; 8(1):e36793. 7

http://dx.doi.org/10.1016/j.archger.2007.11.005
http://www.ncbi.nlm.nih.gov/pubmed/18215432
http://asjsm.com/


Goudarzian M et al.

2. Machado A, Garcia-Lopez D, Gonzalez-Gallego J, Garatachea N. Whole-
body vibration training increases muscle strength and mass in
older women: a randomized-controlled trial. Scand J Med Sci Sports.
2010;20(2):200–7. doi: 10.1111/j.1600-0838.2009.00919.x. [PubMed:
19422657].

3. Lam FM, Lau RW, Chung RC, Pang MY. The effect of whole body
vibration on balance, mobility and falls in older adults: a sys-
tematic review and meta-analysis. Maturitas. 2012;72(3):206–13. doi:
10.1016/j.maturitas.2012.04.009. [PubMed: 22609157].

4. Rogan S, Hilfiker R, Herren K, Radlinger L, de Bruin ED. Effects of
whole-body vibration on postural control in elderly: a systematic re-
view and meta-analysis. BMC Geriatr. 2011;11:72. doi: 10.1186/1471-2318-
11-72. [PubMed: 22054046].

5. Mikhael M, Orr R, Fiatarone Singh MA. The effect of whole body
vibration exposure on muscle or bone morphology and function
in older adults: a systematic review of the literature. Maturi-
tas. 2010;66(2):150–7. doi: 10.1016/j.maturitas.2010.01.013. [PubMed:
20171817].

6. von Stengel S, Kemmler W, Engelke K, Kalender WA. Effect of whole-
body vibration on neuromuscular performance and body compo-
sition for females 65 years and older: a randomized-controlled
trial. Scand J Med Sci Sports. 2012;22(1):119–27. doi: 10.1111/j.1600-
0838.2010.01126.x. [PubMed: 20500555].

7. Merriman HL, Brahler CJ, Jackson K. Systematically controlling for
the influence of age, sex, hertz and time post-whole-body vibration
exposure on four measures of physical performance in community-
dwelling older adults: a randomized cross-over study. Curr Geron-
tol Geriatr Res. 2011;2011:747094. doi: 10.1155/2011/747094. [PubMed:
21977028].

8. Bautmans I, Van Hees E, Lemper JC, Mets T. The feasibility of Whole
Body Vibration in institutionalised elderly persons and its influence
on muscle performance, balance and mobility: a randomised con-
trolled trial [ISRCTN62535013]. BMC Geriatr. 2005;5:17. doi: 10.1186/1471-
2318-5-17. [PubMed: 16372905].

9. Rees SS, Murphy AJ, Watsford ML. Effects of whole-body vibration exer-
cise on lower-extremity muscle strength and power in an older popu-
lation: a randomized clinical trial. Phys Ther. 2008;88(4):462–70. doi:
10.2522/ptj.20070027. [PubMed: 18218826].

10. Roelants M, Delecluse C, Verschueren SM. Whole-body-vibration train-
ing increases knee-extension strength and speed of movement in
older women. J Am Geriatr Soc. 2004;52(6):901–8. doi: 10.1111/j.1532-
5415.2004.52256.x. [PubMed: 15161453].

11. Lau RW, Liao LR, Yu F, Teo T, Chung RC, Pang MY. The effects of whole
body vibration therapy on bone mineral density and leg muscle
strength in older adults: a systematic review and meta-analysis. Clin
Rehabil. 2011;25(11):975–88. doi: 10.1177/0269215511405078. [PubMed:
21849376].

12. Cheung WH, Mok HW, Qin L, Sze PC, Lee KM, Leung KS. High-
frequency whole-body vibration improves balancing ability
in elderly women. Arch Phys Med Rehabil. 2007;88(7):852–7. doi:
10.1016/j.apmr.2007.03.028. [PubMed: 17601464].

13. Bruyere O, Wuidart MA, Di Palma E, Gourlay M, Ethgen O, Richy F, et
al. Controlled whole body vibration to decrease fall risk and improve
health-related quality of life of nursing home residents. Arch Phys Med
Rehabil. 2005;86(2):303–7. doi: 10.1016/j.apmr.2004.05.019. [PubMed:
15706558].

14. Abbasi A, Berenjeian Tabrizi H, Bagheri K, Ghasemizad A. The Effect of
Whole Body Vibration Training and Detraining Periods on Neuromus-
cular Performance in Male Older People. Iran J Ageing. 2011;6(2).

15. Delecluse C, Roelants M, Verschueren S. Strength increase after whole-
body vibration compared with resistance training. Med Sci Sports
Exerc. 2003;35(6):1033–41. doi: 10.1249/01.MSS.0000069752.96438.B0.
[PubMed: 12783053].

16. Verschueren SM, Roelants M, Delecluse C, Swinnen S, Vanderschueren
D, Boonen S. Effect of 6-month whole body vibration training on hip
density, muscle strength, and postural control in postmenopausal

women: a randomized controlled pilot study. J Bone Miner Res.
2004;19(3):352–9. doi: 10.1359/JBMR.0301245. [PubMed: 15040822].

17. Bogaerts A, Delecluse C, Claessens AL, Coudyzer W, Boonen S, Ver-
schueren SM. Impact of whole-body vibration training versus fit-
ness training on muscle strength and muscle mass in older men:
a 1-year randomized controlled trial. J Gerontol A Biol Sci Med Sci.
2007;62(6):630–5. [PubMed: 17595419].

18. Madou KH, Cronin JB. The Effects of Whole Body Vibration on Physical
and Physiological Capability in Special Populations. Hong Kong Phys-
iother J. 2008;26(1):24–38. doi: 10.1016/s1013-7025(09)70005-3.

19. Niewiadomski W, Cardinale M, Gasiorowska A, Cybulski G, Karuss B,
Strasz A. Could Vibration Training Be an Alternative to Resistance
Training in Reversing Sarcopenia?. J Human Kinetics. 2005;14:3.

20. Rawson ES, Venezia AC. Use of creatine in the elderly and evi-
dence for effects on cognitive function in young and old. Amino
Acids. 2011;40(5):1349–62. doi: 10.1007/s00726-011-0855-9. [PubMed:
21394604].

21. Stec M, Rawson ES. Benefits of creatine supplementation for older
adults. Braz J Biomotricity. 2010;4(4):215–26.

22. Dalbo VJ, Roberts MD, Lockwood CM, Tucker PS, Kreider RB, Kerksick
CM. The effects of age on skeletal muscle and the phosphocreatine
energy system: can creatine supplementation help older adults. Dyn
Med. 2009;8:6. doi: 10.1186/1476-5918-8-6. [PubMed: 20034396].

23. Gotshalk LA, Volek JS, Staron RS, Denegar CR, Hagerman FC, Krae-
mer WJ. Creatine supplementation improves muscular performance
in older men. Med Sci Sports Exerc. 2002;34(3):537–43. [PubMed:
11880821].

24. Gotshalk LA, Kraemer WJ, Mendonca MA, Vingren JL, Kenny AM, Spier-
ing BA, et al. Creatine supplementation improves muscular perfor-
mance in older women. Eur J Appl Physiol. 2008;102(2):223–31. doi:
10.1007/s00421-007-0580-y. [PubMed: 17943308].

25. Canete S, San Juan AF, Perez M, Gomez-Gallego F, Lopez-Mojares LM,
Earnest CP, et al. Does creatine supplementation improve functional
capacity in elderly women?. J Strength Cond Res. 2006;20(1):22–8. doi:
10.1519/R-17044.1. [PubMed: 16503684].

26. Abercromby AF, Amonette WE, Layne CS, McFarlin BK, Hinman MR,
Paloski WH. Vibration exposure and biodynamic responses during
whole-body vibration training. Med Sci Sports Exerc. 2007;39(10):1794–
800. doi: 10.1249/mss.0b013e3181238a0f. [PubMed: 17909407].

27. Cochrane DJ, Stannard SR. Acute whole body vibration training
increases vertical jump and flexibility performance in elite fe-
male field hockey players. Br J Sports Med. 2005;39(11):860–5. doi:
10.1136/bjsm.2005.019950. [PubMed: 16244199].

28. Dorrell H, Gee T, Middleton G. An update on effects of creatine supple-
mentation on performance: a review. Sports Nutr Ther. 2016;1(1):e107.

29. Heyward VH. Advanced Fitness Assessment and Exercise Prescription.
Med Sci Sports Exerc. 1992;24(2):278.

30. Rees S, Murphy A, Watsford M. Effects of vibration exercise on mus-
cle performance and mobility in an older population. J Aging Phys Act.
2007;15(4):367–81. [PubMed: 18048942].

31. Mikhael M, Orr R, Amsen F, Greene D, Singh MA. Effect of standing
posture during whole body vibration training on muscle morphol-
ogy and function in older adults: a randomised controlled trial. BMC
Geriatr. 2010;10:74. doi: 10.1186/1471-2318-10-74. [PubMed: 20946685].

32. Bogaerts A, Delecluse C, Boonen S, Claessens AL, Milisen K, Ver-
schueren SM. Changes in balance, functional performance and
fall risk following whole body vibration training and vitamin D
supplementation in institutionalized elderly women. A 6 month
randomized controlled trial. Gait Posture. 2011;33(3):466–72. doi:
10.1016/j.gaitpost.2010.12.027. [PubMed: 21256028].

33. Rahimi MSA, Karimi NA, Kordi MR, Gaeini AA. The effect whole body
vibration and creatine supplementation on physical fitness factors in
older men. Phys Treat Specific Phys Ther J. 2012;1(1):56–63.

34. Stout JR, Sue Graves B, Cramer JT, Goldstein ER, Costa PB, Smith
AE, et al. Effects of creatine supplementation on the onset of neu-

8 Asian J Sports Med. 2017; 8(1):e36793.

http://dx.doi.org/10.1111/j.1600-0838.2009.00919.x
http://www.ncbi.nlm.nih.gov/pubmed/19422657
http://dx.doi.org/10.1016/j.maturitas.2012.04.009
http://www.ncbi.nlm.nih.gov/pubmed/22609157
http://dx.doi.org/10.1186/1471-2318-11-72
http://dx.doi.org/10.1186/1471-2318-11-72
http://www.ncbi.nlm.nih.gov/pubmed/22054046
http://dx.doi.org/10.1016/j.maturitas.2010.01.013
http://www.ncbi.nlm.nih.gov/pubmed/20171817
http://dx.doi.org/10.1111/j.1600-0838.2010.01126.x
http://dx.doi.org/10.1111/j.1600-0838.2010.01126.x
http://www.ncbi.nlm.nih.gov/pubmed/20500555
http://dx.doi.org/10.1155/2011/747094
http://www.ncbi.nlm.nih.gov/pubmed/21977028
http://dx.doi.org/10.1186/1471-2318-5-17
http://dx.doi.org/10.1186/1471-2318-5-17
http://www.ncbi.nlm.nih.gov/pubmed/16372905
http://dx.doi.org/10.2522/ptj.20070027
http://www.ncbi.nlm.nih.gov/pubmed/18218826
http://dx.doi.org/10.1111/j.1532-5415.2004.52256.x
http://dx.doi.org/10.1111/j.1532-5415.2004.52256.x
http://www.ncbi.nlm.nih.gov/pubmed/15161453
http://dx.doi.org/10.1177/0269215511405078
http://www.ncbi.nlm.nih.gov/pubmed/21849376
http://dx.doi.org/10.1016/j.apmr.2007.03.028
http://www.ncbi.nlm.nih.gov/pubmed/17601464
http://dx.doi.org/10.1016/j.apmr.2004.05.019
http://www.ncbi.nlm.nih.gov/pubmed/15706558
http://dx.doi.org/10.1249/01.MSS.0000069752.96438.B0
http://www.ncbi.nlm.nih.gov/pubmed/12783053
http://dx.doi.org/10.1359/JBMR.0301245
http://www.ncbi.nlm.nih.gov/pubmed/15040822
http://www.ncbi.nlm.nih.gov/pubmed/17595419
http://dx.doi.org/10.1016/s1013-7025(09)70005-3
http://dx.doi.org/10.1007/s00726-011-0855-9
http://www.ncbi.nlm.nih.gov/pubmed/21394604
http://dx.doi.org/10.1186/1476-5918-8-6
http://www.ncbi.nlm.nih.gov/pubmed/20034396
http://www.ncbi.nlm.nih.gov/pubmed/11880821
http://dx.doi.org/10.1007/s00421-007-0580-y
http://www.ncbi.nlm.nih.gov/pubmed/17943308
http://dx.doi.org/10.1519/R-17044.1
http://www.ncbi.nlm.nih.gov/pubmed/16503684
http://dx.doi.org/10.1249/mss.0b013e3181238a0f
http://www.ncbi.nlm.nih.gov/pubmed/17909407
http://dx.doi.org/10.1136/bjsm.2005.019950
http://www.ncbi.nlm.nih.gov/pubmed/16244199
http://www.ncbi.nlm.nih.gov/pubmed/18048942
http://dx.doi.org/10.1186/1471-2318-10-74
http://www.ncbi.nlm.nih.gov/pubmed/20946685
http://dx.doi.org/10.1016/j.gaitpost.2010.12.027
http://www.ncbi.nlm.nih.gov/pubmed/21256028
http://asjsm.com/


Goudarzian M et al.

romuscular fatigue threshold and muscle strength in elderly men
and women (64 - 86 years). J Nutr Health Aging. 2007;11(6):459–64.
[PubMed: 17985060].

35. Rawson ES, Clarkson PM. Acute creatine supplementation in older
men. Int J Sports Med. 2000;21(1):71–5. doi: 10.1055/s-2000-8859.
[PubMed: 10683103].

36. Eijnde BO, Van Leemputte M, Goris M, Labarque V, Taes Y, Verbessem
P, et al. Effects of creatine supplementation and exercise training on
fitness in men 55-75 yr old. J Appl Physiol (1985). 2003;95(2):818–28. doi:
10.1152/japplphysiol.00891.2002. [PubMed: 12665537].

37. Bemben MG, Lamont HS. Creatine supplementation and exercise per-
formance: recent findings. Sports Med. 2005;35(2):107–25. [PubMed:
15707376].

38. Bogaerts A, Verschueren S, Delecluse C, Claessens AL, Boonen S.
Effects of whole body vibration training on postural control in
older individuals: a 1 year randomized controlled trial. Gait Pos-
ture. 2007;26(2):309–16. doi: 10.1016/j.gaitpost.2006.09.078. [PubMed:
17074485].

39. Kawanabe K, Kawashima A, Sashimoto I, Takeda T, Sato Y, Iwamoto
J. Effect of whole-body vibration exercise and muscle strengthening,
balance, and walking exercises on walking ability in the elderly. Keio
J Med. 2007;56(1):28–33. [PubMed: 17392595].

40. Rees SS, Murphy AJ, Watsford ML. Effects of whole body vibra-
tion on postural steadiness in an older population. J Sci Med
Sport. 2009;12(4):440–4. doi: 10.1016/j.jsams.2008.02.002. [PubMed:
18550436].

41. van Nes IJ, Geurts AC, Hendricks HT, Duysens J. Short-term ef-
fects of whole-body vibration on postural control in unilateral

chronic stroke patients: preliminary evidence. Am J Phys Med Rehabil.
2004;83(11):867–73. [PubMed: 15502741].

42. Rahimi M, Kordi MR, Karimi NA, Gaeini A, Samadi A. The Effects
of whole body vibration training and creatine supplementation on
lower extremity performance and balance in elderly males. Iran J Age-
ing. 2011;6(1).

43. Wolfson L, Judge J, Whipple R, King M. Strength is a major factor in
balance, gait, and the occurrence of falls. J Gerontol A Biol Sci Med Sci.
1995;50 Spec No:64–7. [PubMed: 7493221].

44. Wiacek M, Hagner W, Hagner-Derengowska M, Bluj B, Drozd M, Cz-
ereba J, et al. Correlations between postural stability and strength
of lower body extremities of women population living in long-
term care facilities. Arch Gerontol Geriatr. 2009;48(3):346–9. doi:
10.1016/j.archger.2008.02.019. [PubMed: 18440656].

45. Runge M, Rehfeld G, Resnicek E. Balance training and exercise in
geriatric patients. J Musculoskelet Neuronal Interact. 2000;1(1):61–5.
[PubMed: 15758528].

46. Rawson ES, Wehnert ML, Clarkson PM. Effects of 30 days of creatine
ingestion in older men. Eur J Appl Physiol Occup Physiol. 1999;80(2):139–
44. doi: 10.1007/s004210050570. [PubMed: 10408325].

47. Brose A, Parise G, Tarnopolsky MA. Creatine supplementation en-
hances isometric strength and body composition improvements fol-
lowing strength exercise training in older adults. J Gerontol A Biol Sci
Med Sci. 2003;58(1):11–9. [PubMed: 12560406].

48. Candow DG, Chilibeck PD. Timing of creatine or protein supplemen-
tation and resistance training in the elderly. Appl Physiol Nutr Metab.
2008;33(1):184–90. doi: 10.1139/H07-139. [PubMed: 18347671].

Asian J Sports Med. 2017; 8(1):e36793. 9

http://www.ncbi.nlm.nih.gov/pubmed/17985060
http://dx.doi.org/10.1055/s-2000-8859
http://www.ncbi.nlm.nih.gov/pubmed/10683103
http://dx.doi.org/10.1152/japplphysiol.00891.2002
http://www.ncbi.nlm.nih.gov/pubmed/12665537
http://www.ncbi.nlm.nih.gov/pubmed/15707376
http://dx.doi.org/10.1016/j.gaitpost.2006.09.078
http://www.ncbi.nlm.nih.gov/pubmed/17074485
http://www.ncbi.nlm.nih.gov/pubmed/17392595
http://dx.doi.org/10.1016/j.jsams.2008.02.002
http://www.ncbi.nlm.nih.gov/pubmed/18550436
http://www.ncbi.nlm.nih.gov/pubmed/15502741
http://www.ncbi.nlm.nih.gov/pubmed/7493221
http://dx.doi.org/10.1016/j.archger.2008.02.019
http://www.ncbi.nlm.nih.gov/pubmed/18440656
http://www.ncbi.nlm.nih.gov/pubmed/15758528
http://dx.doi.org/10.1007/s004210050570
http://www.ncbi.nlm.nih.gov/pubmed/10408325
http://www.ncbi.nlm.nih.gov/pubmed/12560406
http://dx.doi.org/10.1139/H07-139
http://www.ncbi.nlm.nih.gov/pubmed/18347671
http://asjsm.com/

	Abstract
	1. Introduction
	2. Methods
	Table 1

	3. Results
	Table 2
	Table 3
	Table 4
	Table 5

	4. Discussion
	Acknowledgments
	Footnotes
	Authors' Contribution
	Funding/Support

	References

