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Whole-body vibration improves neuromuscular parameters and
functional capacity in osteopenic postmenopausal women
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Objective: In this longitudinal, paired-control study, we developed special vibration platforms to evaluate the
effects of low-intensity vibration on neuromuscular function and functional capacity in osteopenic postmenopausal
women.

Methods: Women in the platform group (PG; n¼ 62) stood still and barefoot on the platform for 20 minutes, 5
times a week for 12 months. Each platform vibrated with a frequency of 60 Hz, intensity of 0.6g, and amplitude of
less than 1 mm. Women in the control group (CG; n¼ 60) were followed up and instructed not to modify their
physical activity during the study. Every 3 months all volunteers were invited to a visit to check for any change in
their lifestyle. Assessments were performed at baseline and at 12 months, and included isometric muscle strength in
the hip flexors and back extensors, right handgrip strength, dynamic upper limb strength (arm curl test), upper trunk
flexibility (reach test [RT]), mobility (timed up and go test), and static balance (unipedal stance test). Statistical
analyses were performed using the intention-to-treat strategy.

Results: Both groups were similar for all variables at baseline. At the end of intervention, the PG was
significantly better than CG in all parameters but in the RT. When compared with baseline, after 12 months of
vibration the PG presented statistically significant improvements in isometric and dynamic muscle strength in the
hip flexors (þ36.7%), back extensors (þ36.5%), handgrip strength (þ4.4%), arm curl test (þ22.8%), RT (þ9.9%),
unipedal stance test (þ6.8%), and timed up and go test (�9.2%), whereas the CG showed no significant differences
during the same period of time. As such, there were no side effects related to the study procedures during the 12
months of intervention.

Conclusions: Low-intensity vibration improved balance, motility, and muscle strength in the upper and lower
limbs in postmenopausal women.

Key Words: Functional capacity – Muscle strength – Postmenopause – Sarcopenia and prevention –
Vibrating plate.

of muscle mass and strength, defined as sarco- local bone formation and remodeling (osteogenic muscle
L
oss
penia, has been identified as a marker of health
deterioration with aging.1 According to the literature,

muscle strength decreases over the years,2 and a 5% decline in
muscle mass is estimated to occur each decade after the age of
40 years, with a steeper decline after the age of 65 years.3

Specific guidelines recommend strength training to prevent
sarcopenia and its consequences, bone mass loss, and osteo-
porotic fractures. Mechanical loading associated with resist-
ance exercise induces musculoskeletal changes, stimulating
 2016 The North American Menopause Society

25, 2015; revised and accepted February 2, 2016.

vision of Endocrinology, Escola Paulista de Medicina,
Federal de São Paulo, Sao Paulo, Brazil; and 2Department
ring, Universidade de São Paulo (USP) de São Carlos, Sao

rt: Grupo EDP (Energia de Portugal), Brazil.
losure/conflicts of interest: None reported.

spondence to: Marise Lazaretti-Castro, PhD, Division of
, Escola Paulista de Medicina, Universidade Federal de
a Bernarda Luis 68, CEP 05448-020, Sao Paulo, Brazil.
tti.castro@unifesp.br

use, Vol. 23, No. 8, 2016
deformation).4

In the postmenopausal period, the decrease in sex hormones
(estrogen, progesterone, and androgens) reduces the uptake of
protein by the cells5 and changes the neurogenic stimulation
of type II muscle fibers responsible for fast contraction, an
important element in the proprioceptive reflexes.6 The most
affected muscles are the knee extensors and hip flexors,
important muscle groups involved in the maintenance of
balance during gait.7,8

Mechanical vibration delivered by vibrating platforms has
been studied as a type of physical exercise to improve muscle
strength and maintain bone mass.9,10 The effectiveness and
the results of whole-body vibration depend on the nature,
frequency, intensity of the stimulus, intensity of the vibration,
type of acceleration (if vertical or oscillating), and type of
population analyzed.

In the literature, studies with different designs have yielded
different results.11-14 Most authors have included physical
exercises on a vibrating platform to leverage the effects of
muscle strength using vibration frequencies ranging from 20
. Unauthorized reproduction of this article is prohibited.
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to 45 Hz and average intensities ranging from 2 to 5 g,15-18 the platform group (PG). The control group (CG) was obtained

WHOLE-BODY VIBRATION IMPROVES MUSCLES STRENGTH
where 1 g corresponds to the Earth’s gravitational field (9.8 m/
s2). In contrast, the effects of vibrating platforms using low-
vibration intensity (<1 g) and without associated physical
exercise on neuromuscular parameters have been less
studied.19,20 This has motivated us to develop and test a
low-intensity vibrating platform specially designed for this
study to verify the effects of mechanical vibration on neuro-
muscular parameters and functional capacity in postmeno-
pausal women.

METHODS
The Ethics Committee of the Universidade Federal de São

Paulo approved the study (protocol 0318/08), and all volun-
teers completed a free and informed consent form.

The platform, which was designed for this study by the
Department of Bioengineering of the School of Engineering at
USP São Carlos (patent protocol BR 20 2015 010505 9—

Plataforma Vibratória para Tratamento e Prevenção da Osteo-
porose, filed on May 8, 2015), delivered vibration with a
frequency of 60 Hz, intensity of 0.6 g, and amplitude of less
than 1 mm. The chosen vertical acceleration (1.6 g) mimics a
moderate run (�10 km/h) and the frequency (60 Hz) mimics
quite an intense race (�16.0 km/h), considering an average
stride length (�1.2 m).

The women were recruited through advertisements in the
public media and events organized for this purpose. Women
aged 55 or older with at least 5 years post menopause were
included. Exclusion criteria were osteoporosis or another
metabolic bone disease, use of medications that interfere with
bone metabolism (except for calcium and vitamin D), recent
history of bone fracture, osteoarthritis, primary hyperparathyr-
oidism, hypothyroidism, rheumatoid arthritis, creatinine more
than 1.4 mg/dL, alcoholism, hypertension, poorly controlled
diabetes, severe neuromuscular diseases, and chronic therapy
with corticosteroids, bisphosphonates, estrogen, or selective
estrogen-receptor modulators. Those participants available and
committed to being present at the intervention site at the
university 5 days a week for 12 months were selected for
opyright @ 2016 The North American Menopause Society.

FIG. 1. Vibration platform’s prototype (A) and t
from the same original population in a paired way.

Design
Women allocated to PG stood barefoot and still on a vibrat-

ing platform holding a support handle for 20 minutes, 5 days a
week for 12 months under supervision (Fig. 1). There were 12
platforms available, so, for all women to be able to carry out
their 20 minutes daily, about four daily shifts in different
convenient periods of time were needed for the volunteers.

All women received instructions not to modify their
physical activity during the study period. All participants
from the control group as well as from the vibration group
came every 3 months to check for any adverse events, to
receive a health educational program as a retention plan, and
to be sure that they did not modify their physical activity
patterns. Adherence for the PG was measured by the fre-
quency of vibration sessions, and those who had less than 80%
were excluded. As for the CG, they were invited every 3
months to come to educational lectures. They were evaluated
for possible changes in lifestyle or adverse events, and those
who did not attend at least two calls or not performed the last
evaluation were considered failures.

Women in both groups were evaluated with all tests and
assessments. Measurement of serum vitamin D before the
study showed optimal levels in all participants; therefore,
supplementation was not required. We assessed the level of
physical activity at baseline with the International Physical
Activity Questionnaire-16.21 All other measurements were
performed at baseline and at 12 months, and included bone
density assessed by whole-body dual-energy x-ray absorpti-
ometry (GE Lunar Model); upper trunk flexibility, measured
with the reach test (RT)22; isometric strength of the hip flexor
and back extensor muscles determined with a portable mech-
anical dynamometer (Lafayette Manual Muscle Test System
– Model 01163; Lafayette Instrument, IN)23; right handgrip
strength, assessed with the handgrip strength test using a
Takei dynamometer24 (Grip – THE – Takei Physical Fitness
Test – T.K.K. 5001, Japan); dynamic upper limb muscle
 Unauthorized reproduction of this article is prohibited.
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strength, assessed with the elbow flexion by arm curl test25; analyses. Results were considered significant when P

TABLE 1. Comparison of all parameters from PG and CG groups at baseline and after 12 months

Baseline After 12 mo

PG CG PG CG
Parameters n¼ 62 n¼ 60 P n¼ 52 n¼ 44 P

Age, y 63.2� 9.8 62.9� 7.9 0.351 63.2� 10.3 63.9� 7.6 0.846
Weight, kg 63.8� 12.0 68.8� 12.1 0.042 62.8� 12.1 67.4� 12.5 0.121
Height, cm 153.2� 6.2 153.1� 6.0 0.693 150.4� 6.0 153.2� 5.8 0.953
BMI 27.4� 3.9 29.3� 4.8 0.563 27.0� 4.2 28.9� 5.4 0.069
Reach test, cm 28.57� 7.11 28.95� 8.64 0.993 31.42� 7.01 28.23� 6.88 0.324
Unipedal stance test, s 22.99� 9.95 23.08� 9.62 0.946 24.56� 8.49 26.44� 6.97 <0.0001
Timed up and go test, s 7.01� 2.09 7.08� 1.59 0.959 6.36� 1.18 6.77� 1.22 <0.0001
Hip flexor, kg 10.45� 4.54 10.80� 2.93 0.735 14.22� 5.95 11.91� 3.13 <0.0001
Back extensor, kg 6.46� 3.07 6.30� 1.79 0.654 8.82� 4.23 7.19� 2.16 <0.0001
Arm curl, rep 15.06� 2.28 16.03� 3.84 0.161 18.50� 4.24 17.42� 3.70 <0.0001
Handgrip, kg 23.18� 5.35 22.96� 3.54 0.511 24.21� 4.96 22.74� 4.60 <0.0001

Results are presented as mean� standard deviations.
BMI, body mass index; CG, control group; PG, platform group; rep, repetitions.

DUTRA ET AL
mobility, determined with the timed up and go (TUG) test26;
and static balance with eyes open, determined with the
unipedal stance test.27 All tests were demonstrated to the
women, and a tryout was conducted before their application.
The participants performed the entire sequence of the tests
after a voice command from an examiner.

Statistical analysis
The Kolmogorov-Smirnov test was used to confirm the

normal distribution of the data. For comparisons of
results with normal distribution at baseline and at 12 months,
we used the Student’s t test for dependent variables and
the Mann-Whitney U test for nonparametric variables,
performed as intention-to-treat strategy. The results are
presented as means, SD, and delta percentages (%). SPSS
16.0 for Windows was the statistical package used for all
Copyright @ 2016 The North American Menopause Society

FIG. 2. Percentual changes in neuromuscular functions obtained in platform
and in control group. In the platform group all parameters showed a statisti
baseline and only the reach test was not different from the control group at
parameter. TUG, timed up and go. �P< 0.05 versus baseline and versus co
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was <0.05.

RESULTS
Three hundred ninety-nine women filled out a question-

naire that contained the inclusion and exclusion criteria, and
264 were screened with bone densitometry. Of these, 122 who
had osteopenia volunteered to participate in this longitudinal
paired-control study and were divided into two groups: 62
women were selected for the PG based on their commitment
to follow the vibration protocol and 60 others who agreed to
participate as a control comprised the CG. Twenty-six women
discontinued the study (10 from PG and 16 from CG) during
the 12 months, so 96 women completed the study protocol.
The reasons for discontinuation did not differ between groups,
and included low compliance (n¼ 15), family problems
(n¼ 6), change in work shift (n¼ 1), use of a medication
. Unauthorized reproduction of this article is prohibited.

group after 12 months of a 20-minute vibration per day for 5 days a week,
cally significant improvement at the end of intervention compared with
the end. In the control group there were no significant changes in any

ntrols at 12 months; ��P< 0.05 versus baseline.
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considered an exclusion criterion for 3 months before the start subsequent limitations in daily activities in older individuals.8

TABLE 2. Comparison of isometric and dynamic muscle strength parameters in the PG and CG groups at baseline and after 12 months of
low-intensity vibration

Isometric and dynamic muscle strength parameters

PG CG

Baseline 12 mo Baseline 12 mo
N¼ 62 N¼ 52 D% P N¼ 60 N¼ 44 D% P

Hip flexor, kg 10.45� 4.54 14.22� 5.95 36.7 <0.0001 10.80� 2.93 11.91� 3.13 10.2 0.099
Back extensor, kg 6.46� 3.07 8.82� 4.23 36.5 <0.0001 6.30� 1.79 7.19� 2.16 14.1 0.102
Arm curl, rep 15.06� 2.28 18.50� 4.24 22.8 <0.0001 16.03� 3.84 17.42� 3.70 8.6 0.232
Handgrip, kg 23.18� 5.35 24.21� 4.96 4.4 0.036 22.96� 3.54 22.74� 4.60 �0.9 0.972

Results are presented as mean� standard deviations. Statistical analyses performed as intention to treat.
CG, control group; PG, platform group; rep, repetitions.

g
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of the study (n¼ 1), health-related problems including
surgery (n¼ 1), acute pancreatitis (n¼ 1), and heart problems
(n¼ 1). Apart from weight, both PG and CG had similar
parameters at baseline, as shown in Table 1.

After 12 months of the protocol, all neuromuscular
parameters but the RT were significantly different between
groups (Table 1), although the anthropometric measures were
still similar. Although the CG had no significant changes in
any parameter of isometric and dynamic muscle strength, in
the PG all parameter significantly improved after 12 months
of intervention (Fig. 2 and Table 2).

As for changes in functional capacity at 12 months, no
significant differences in any variable were seen in the CG
(Table 3). On the contrary, in PG there was a significant
improvement of 9.9% in the flexibility assessed by RT and by
9.2% in the mobility, assessed by the TUG (Fig. 2 and Table
3). Only the unipedal stance test showed no differences.

DISCUSSION
This study aimed to evaluate the effects of low-intensity

vibration delivered by a vibrating platform on postmeno-
pausal women with low bone mass. Special platforms were
developed specifically for the study using original technol-
ogy. We demonstrated that low-intensity mechanical
vibration produced by our platform improved neuromotor
parameters and functional capacity in these women. Although
other studies have reported effective results testing similar
platforms,5,11,12,19 to our knowledge this was one of the few
studies that demonstrated a gain in muscle strength as a result
of low-intensity vibration without combined physical exer-
cise.11,20

Muscle strength is a motor parameter that reduces physio-
logically with age, resulting in decreases in body mobility and

TABLE 3. Comparison of functional capacity in the PG and CG
opyright @ 2016 The North American Menopause Society.

Functional capacity variables

PG

Baseline 12 mo
N¼ 62 N¼ 52 D%

Reach test, cm 28.57� 7.11 31.42� 7.01 9.9
Unipedal stance test, s 22.99� 9.95 24.56� 8.49 6.8
Timed up and go test, s 7.01� 2.09 6.36� 1.18 �9.2

Results are presented as mean� standard deviations. Statistical analyses perform
CG, control group; PG, platform group.
In this study, the group of women allocated to vibration had,
on average, a 36.7 % increase in isometric strength in the hip
flexors muscles. This muscle group is responsible for elevat-
ing the lower limb during the swing phase of gait, guarantee-
ing a good performance in body functionality, and reducing
postural imbalance and risk of falls and fractures.28,29

Using a platform with low-level mechanical signals, Gil-
sanz et al11 observed using computed tomography a signifi-
cant increase in muscle mass in the cross-sectional area of the
psoas major muscle (5.2% increase in the hip flexors muscle)
and erector spine muscles (7.2% increase in the postural
muscles) when compared with a CG that did not undergo
vibration. This study, conducted with young women (15-20
y), used a protocol with low-level vibration (30 Hz, 0.3 g)
without combined physical exercise in which volunteers stood
on the platform with extended knees for 10 minutes at a time
over a period of 12 months.

Rubin et al30 demonstrated an attenuation of vibration
along the body axis for frequencies higher than 25 Hz. In
their experiments, the transmissibility decreased to approxi-
mately 80% at the hip and spine in higher frequencies up to
35 Hz.30 Nevertheless, one should consider that a 60 Hz
platform as ours could transmit a sufficient amount of
vibration to the hip and spine levels, which could explain
our positive results at these sites. The act of standing on top of
a low-frequency signal vibrating platform is sufficient to
activate muscle motor units and induce muscle contrac-
tions.30,31 It has been demonstrated that the transmission
range of low-frequency (35-45 Hz) and low-intensity (0.3 g)
vibration can increase or decrease according to the position of
the knees.11,29,32 When the knees are flexed, the vibration is
delivered up to the lumbar-pelvic region, and when they are
extended, the vibration can reach the entire spine.31 In our

roups at baseline and after 12 months of low-intensity vibration
 Unauthorized reproduction of this article is prohibited.

CG

Baseline 12 mo
P N¼ 60 N¼ 44 D% P

0.008 28.95� 8.64 28.23� 6.88 �2.4 0.295
0.281 23.08� 9.62 26.44� 6.97 14.5 0.066
0.002 7.08� 1.59 6.77� 1.22 �4.3 0.683

ed as intention to treat.
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study, we observed a 36.5% increase in spine extensors to simulate the mechanical vibrations. The study design also

DUTRA ET AL
muscle strength in women in the PG group when compared
with those in the CG, suggesting that with extension of the
knees the vibratory stimulus reaches the spine.

We also observed an increase in strength in the upper limbs
demonstrated by increased isometric handgrip strength and in
the dynamic strength of the elbow flexors by arm curl test. We
hypothesize that the upper limbs may also have received the
vibratory stimulus because the volunteers held on to a metal
handle fixed to the platform (Fig. 1), which vibrated along
with the platform.

The mechanisms for this apparent anabolic effect of
vibration on muscles are not completely understood, but they
resemble changes induced by the physical exercises.
Vibration seems to stimulate receptors in muscle spindles
by the deformation produced by the oscillatory displacement
in the myotendinous junction of the muscle bundle. They are
connected to the alpha motor neurons, capable of providing a
muscle contraction particularly effective for fibers type I and
II. This myotatic reflex generated by the low-intensity stimu-
lation induces an increase in the expression of myosin in the
muscle’s sarcomere, thereby enhancing the performance of
the contractions of the motor units.33,34 Furthermore, the
vibratory stimulus causes an increase of peripheral blood
flow by the shear forces on vessel walls, producing vaso-
dilation and subsequent increase of muscle metabolism.35

The physical and biological mechanisms that control mus-
culoskeletal adaptations are complex and involve interactions
mediated by gravity, muscle contraction, and physical
activity, as well as genetic and individual elements.36 The
mechanical signals generated by vibrating platforms, even
with low intensities (<1 g), however, seem to promote more
intense stimuli to the musculoskeletal system than those
promoted by daily activities.37,38 This may be important
for activation of the muscles in participants with sarcopenia,
who not only have loss of muscle strength and mass, but also
have deterioration of type II muscle fibers (fast twitch),
requiring greater neurogenic stimuli to promote more effec-
tive muscle contraction.

Our volunteers also showed significant improvement in
mobility, as determined by the TUG test, decreasing the time
of execution. This is a meaningful finding because impaired
mobility is an important marker of fragility in older adults.39

This test represents a complex assessment of the overall
conditioning of an individual because it evaluates the integ-
ration of the strength of the lower limbs and the dynamic
balance.25 Significant improvements with vibration were also
seen in parameters associated with flexibility, measured by
the RT. According to evidence, vibration produces an increase
in elasticity, possibly secondary to vasodilation induced by
increased blood flow which may reduce the stiffness of the
muscle fibers.40,41

The lack of a dummy PG is one of the more important
limitations of this study, making it impossible to completely
rule out the placebo effect in the treated group. The research-
ers could not design a ‘‘make-believe’’ placebo platform able

874 Menopause, Vol. 23, No. 8, 2016
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had a difficulty to create a logistic strategy to blind the
treatment, and this could negatively influence the behavior
of the participants from CG (not PG). On the contrary, it is
hard to believe that 20 minutes of standing up on the platform
could strongly improve the neuromuscular function as
observed, including with more objective measurements such
as dynamometry, especially because the population was
relatively young and were active postmenopausal women.
Nevertheless, the modifications of their daily routine and the
positive effects of socialization could play some role, and the
study findings should be interpreted cautiously. To evaluate
the impact of low-vibration intensity on functional capacity,
we used a dynamometer and applied functional capacity tests.
We found relevant results regarding strength gain and func-
tional capacity, but we did not evaluate the physiological
mechanisms involved in these processes.

It is important to point out that the vibration produced by
the platforms, specially developed for this study, was safe
because it has extremely low vertical displacement (measures
showed that the amplitude of the vibration were in the
micrometer range). So, just linear momentum is transmitted
between the segments of the body, without displacements or
impact between the articular surfaces. During the 12-month
period of the study, there were no events of cramps, fatigue,
thromboembolism, or any acute joint inflammation signs in
PG volunteers.

Vibration platforms are nowadays very popular in fitness
studios, and can reach very high intensity, up to 20g. These
interventions with very large accelerations may expose many
systems of the human body to significant health risks, includ-
ing musculoskeletal and neural damage. To define the safety
limits for individuals exposed to whole-body vibration and
provide a benchmark on acceptable levels, a guideline was
established by the International Organization for Standardiz-
ation in 1978 (ISO 2631-1978). The ISO 2631 allows the
application of acceleration greater than 1 g only for very short
periods of time and in special conditions. Much attention has
to be given to the intensity of vibration, specially taking into
account the target population. In our case, osteopenic post-
menopausal women already have an intrinsic higher risk for
damage, so it is very important to know that even very low
intensities (<1 g) can be effective to improve neuromuscular
performance.

CONCLUSIONS
In conclusion, low-intensity mechanical vibration pro-

duced by vibrating platforms, specially developed for this
study, was able to consistently improve different parameters
of the neuromuscular function and functional capacity
particularly related to muscle strength. This suggests that this
type of platform can be a useful auxiliary tool for prevention
of sarcopenia associated with aging. The improvements in
balance, flexibility, and mobility observed in this study can
contribute to reduce the risk of falls, physical trauma, and
fractures in this high-risk population. Further studies should

� 2016 The North American Menopause Society
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be developed to understand the mechanism of vibration on the 19. Rubin C, Recker R, Cullen D, Ryaby J, McCabe J, McLeod K. Prevention

WHOLE-BODY VIBRATION IMPROVES MUSCLES STRENGTH
neuromuscular system, and to evaluate whether the benefits of
vibration may be replicated in other populations at risk
for sarcopenia.
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