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Abstract Besides the cognitive limitations, individuals with Alzheimer’s disease (AD) have posture and gait disturbances
and risk of falls. Researchers have reported that appropriate physical activity (PA) can enhance cognitive function and
attenuates age-related deterioration of the brain structure. The search of the number of publications (NP) in the database
PubMed with the keyword “physical activity” alone and in association with other keywords related to chronic diseases has
shown that the scientific interest involving PA and diabetes is the highest and with AD is the smallest. Vibrations generated in
oscillating/vibratory platform can produce whole body vibration exercises (WBVE) with relevant improvements in patients.
Investigations have introduced WBYV training also in patients with neurodegenerative diseases and with attention deficit
hyperactivity disorder. The aim of this work is to present the potential importance of the WBVE to AD patients. The NP in the
PubMed with the keyword “Whole body vibration” and Alzheimer disease has shown no articles. PA has been considered a
non pharmacologic intervention to manage the AD patient Considering that besides the cognitive impairments, AD patients
have posture and gait disturbances and risk of falls, it is suggested to include the WBVE in the management of the AD
patients. In conclusion, WBVE could be a relevant, viable, safe and inexpensive strategic option of PA to individuals with
AD.
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Bleiler, 2013 [5] have described that the risk doubles every 5

1. Introduction years after the age of 65 years old. It is estimated that 5.2
million Americans have AD. In consequence, in general, due
1.1. General Approach about Alzheimer’s Disease to the rapid aging of the population, the prevalence of AD is

closed related to an exponential growth. In addition, it is also
observed that there remains a dearth and limited possibilities
of effective treatments (i) to manage, (ii) to cure, and most

f the brai leadi itive decline. d .~ importantly (iii) to prevent the disease.
of the raim structure, leading to Cog‘?lt?ve ecline, dementia Thies and Bleiler, 2013 [5] have reported that AD is the
and ultimately death [1, 2, 3] and it is the most common

cause of dementia worldwide (2).

Advanced age is the strongest risk factor for AD. Dugu et
al., 2003 [4] have reported that AD is the major cause of
dementia in the geriatric population in the United States of
America and in Western Europe. In addition, Thies and

Alzheimer’s disease (AD) is an undesirable, devastating,
irreversible and complex chronic neurodegenerative cortical
disorder[1,2].1t is characterized by progressive deterioration

sixth leading cause of death in the United States of America
and the fifth leading cause of death in Americans age 65
years old or older. These authors described that between
2000 and 2010, the proportion of deaths resulting from
clinical disturbances as heart disease, stroke, and prostate
cancer decreased 16%, 23%, and 8%, respectively.
. . Considering the AD, the proportion increased 68% in this
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Published online at http://journal.sapub.org/phr Besides the cognitive limitations, AD patients have
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[6]. Moreover, Sato et al, 2004 [7] have reported that falls are
frequent and have serious traumatic consequences, as hip
fracture in these patients. Gago et al, 2014 [8] and Morris et
al, 1987 [9] have reported that the mechanisms that
contributed to falls in the referred patients are not fully
understood.

It is known that the physical activity is recommended to all
persons due to various benefits to the health [10].
Considering a person with a disease, physical activity can be
planned to aid to improve the quality of the life. Physical
inactivity is a primary cause of most chronic diseases [11]. In
addition, exercise deficiency also leads to an increased
prevalence of  obesity, hypertension, intermittent
claudication, sarcopenia, osteoporosis and AD [11, 12].

1.2. Physical Activity and the Health in General

Authors have reported that habitual physical activity is
inversely associated with all-cause mortality in older men
and women [ 13, 14]. Moreover, Tarumi and Zhang, 2014 [15]
have described that, related to the brain, it is recognized that
appropriated regular physical activity can (i) enhance the
cognitive function and (ii) attenuate the age-related
deterioration of the structure of the referred organ.

Considering the habitual physical activity, investigations
indicate higher prevalence of several diseases, as the breast
cancer, coronary heart disease, gallstones, type 2 diabetes,
colon cancer and ischaemic stroke in Harvard Nurses Health
participants with less than 2.5 hours per week in comparison
with cohorts with more than 2.5 hours per week [16-24].

As it is shown in Table 1, a search performed on March 4"
2014, it is possible to see the number of publications in the
database PubMed with the key word “physical activity”
alone and in association with other key words related to some
chronic diseases. The scientific interest involving physical
activity and diabetes is the highest, with about 13.5% of the
publications.

1.3. Physical Activity and the Alzheimer’s Disease

Considering the number of publication shown in Table 1,
the interest of publications considering physical activity and
Alzheimer disease is small, 0.3%. However about 50% of the
174 articles were published between 2010 and 2014. This
fact could represent a new and recent approach in the
management of the patient with AD.

Table 1. Number of publications (database PubMed) with the key word
“physical activity” alone and in association with other key words related to
some chronic diseases

Keyword ublicsion
Physical activity 57032
"Physical activity" and cancer 4 881
"Physical activity" and diabetes 7 659
"Physical activity" and stroke 1348
"Physical activity" and "Alzheimer disease" 174
"Physical activity" and "Parkinson disease" 104
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Lautenschlager et al, 2012 [25] have reported that related
to the cognitive functions, physical activity has been shown
to improve cognitive outcomes in patients with mild
cognition impairment. An important consideration is
reported by Selkoe, 2012 [26] that describes that, in contrast
to the pharmacological interventions, habitual and
appropriated physical activity represents, in general, a
relevant tool (a) with low cost, (b) with no adverse effects,
and (c) important for primary prevention of AD.

Besides the AD, physical activity has been also an
important tool in the management of patient with others
clinical disorders with neurological limitation, as Parkinson’
disease [27].

1.4. Aerobic Exercise and the Brain Structure and
Function

Gons et al, 2013 [28] and Tseng et al, 2013 [29] have
described that habitual aerobic exercise aid to preserve the
structural integrity of white matter in the central nervous
system. Moreover, Tseng et al, 2013 [29] suggest that regular
aerobic exercise preserves the microstructural integrity of
white matter that is responsible for important functions, as
visuospatial perception, motor control, and coordination.

In addition, Ferris et al, 2007 [30] reported that exercise
also is beneficial to the brain and nervous system. Moreover,
they described that an endogenous substance with a central
role in the health of neurons is brain-derived neurotrophic
factor (BDNF). Lin and Kuo, 2013 [31] have emphasized the
effects of exercise on brain functions due to monoamine
systems. The advantageous effects of exercise on brain
functions have been related to increased capacities of
metabolism reserve and anti-oxidation. Regulations of the
secretion of neurotrophic and vasculotropic factors,
inflammatory mediators, and neurotransmitters would be
also involved in the effect of the exercise on brain function.
Among these effects, secretion of neurotransmitters,
especially monoamines, have been related to neuronal
adaptation due to the exercises. The catecholamines
dopamine, norepinephrine and 5-hydroxytryptamine would
be the principal molecules of the monoamine
neurotransmitter family.

De La Torre, 2013 [32] have reported that mounting
evidence indicates that vascular disease and risk factors not
only elevate risk of vascular dementia, but also AD. Carro et
al, 2001 [33], Harada et al, 2011 [34], Fabel et al, 2003 [35]
and Lopez-Lopez et al, 2004 [36] have reported that
improvements in the brain function and in the structure due
to exercise may be related by simultaneous adaptations in the
vascular function and structure. Moreover, aerobic exercise
would increase the peripheral levels of growth factors, as
insulin-like growth factor-1 (IGF-1), BNDF and vascular
endothelial growth factor, that are trophic factors required
for the viability and normal functions of various neuronal
cells [37]. They cross the blood-brain barrier and stimulate
neurogenesis and angiogenesis that are crucial processes for
brain tissue repair and remodeling after brain injury [38].
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Moreover, de La Torre, 2013 [32] has reported that there is
growing the evidence that vascular risk factors for AD affect
the cerebral hemodynamics to start a sequence of cellular
and molecular modification that initiate cognitive
deficiencies and could permit the progression of the referred
neurodegenerative disease. Importantly, Seals et al, 2008 [39]
reported that appropriated aerobic exercise ameliorates
endothelial dysfunction and central arterial stiffness.

There are several modalities of physical activity that are
capable to promote exercises [40, 41]. Vibrations generated
in oscillating/vibratory platform can produce whole body
vibration exercises (WBVE) when the subject is in contact
with the base of oscillating/vibratory platform that is turned
on. Authors have reported relevant improvements in trained
and untrained patients with various health disorders [41].
During WBVE, the human body is accelerated, which causes
a reactive force by and within the human body. Considering
a subject on the base of these platforms that generate WBVE,
as there is no firm attachment, the only downward force
acting on the body is the gravity [41]. As these
biomechanical conditions might important to manage patient
with neurodegenerative disease, the aim of this work is to
present the potential relevance of WBVE to manage AD
patients.

1.5. The Whole Body Vibration Exercises in Several
Clinical Disorders

Some rehabilitation investigations have introduced WBV
training in patients with neurodegenerative diseases such as
Parkinson’s disease or multiple sclerosis [42, 43]. In addition,
scientific studies have demonstrated that the WBVE can aid
in the treatment of various clinical disorders [41, 44], as well
as to improve the strength of the muscle [45-50], the bone
mineral density in post-menopausal women [50, 51],
cardiovascular parameters [52], body balance in elderly [49,
53] and muscle power [54]. Prisby et al, 2008 [44] have
reported the reduction of the number of falls in patients
submitted to WBVE. Moreover, the health-related quality of
life is increased and the fall risk is decreased [44].

Herrero et al, 2010 [55] have also described that WBVE is
an effective method to increase blood flow and to activate
muscle mass in patients with Friedreich’s ataxia.

Fuermaier et al., 2014 [56] have published a very
important finding that may interest to the patient with
attention deficit hyperactivity disorder (ADHD). These
authors have demonstrated that WBVE improves cognitive
performance of healthy individuals as well as of individuals
with ADHD. They suggest that the WBV treatment is
relatively inexpensive and easy to apply and might therefore
be of potential relevance for clinical use. The application of
WBVE treatment as a cognitive enhancement strategy and as
a potential treatment of cognitive impairments is discussed
by these authors.

Regterschot et al, 2014 [57] have investigated acute
effects of passive WBV on executive functions in healthy
young adults. Participants underwent passive WBYV sessions
(frequency 30 Hz, amplitude approximately 0.5 mm) and

non-vibration control sessions while sitting on a chair
mounted on a vibrating platform. A passive WBV session
was alternated with a control session. After each session,
performance on the Stroop Color-Block Test (CBT), Stroop
Color-Word Interference Test (CWIT), Stroop Difference
Score (SDS) and Digit Span Backward task (DSBT) was
measured. In half of the passive WBV and control sessions
the test order was CBT-CWIT-DSBT, and DSBT-CBT-
CWIT in the other half. Passive WBV improved
significantly CWIT and SDS performance, but only when
the CBT and CWIT preceded the DSBT. CBT and DSBT
performance have not changed. It is demonstrated that
passive WBV has positive acute effects on attention and
inhibition in young adults, notwithstanding their high
cognitive functioning which could have hampered
improvement. It is concluded that these findings indicate the
potential of passive WBV as a cognition-enhancing therapy
worth further evaluation, especially in persons unable to
perform active forms of exercise.

In the procedure involving WBVE, normally, the subject
normally stands on the base of an oscillating/vibratory
platform that evokes mechanical oscillation that is mainly
defined by frequency and amplitude [41, 58]. The frequency
(number of oscillations) is measured in Hertz. Peak to peak
amplitude or displacement is defined as the difference
between the maximum and the minimum value of periodic
oscillation (amplitude is defined as half the difference
between the maximum and the minimum value of the
oscillation) [41, 58]. Furthermore, the subject is accelerated,
which would cause a reactive force by and within the human
body [41].

The time of the subject in the platform working, the time
of the subject in the platform resting, the number of sets in a
session and the number of sessions are determined following
the clinical disorder to be treated, as well as the physical
conditions of the subject [53]. Marin et al, 2009 [59] have
studied the neuromuscular activity during WBVE with
different amplitudes in relation to footwear that the person
was wearing and have observed differences in the action of
different muscles.

The effects of the WBVE are probably related to direct
and indirect actions [44]. The indirect effects have been
hypothesized to be associated with the neuroendocrine
system [44]. Direct effect of the whole body mechanical
vibration on the muscle performance would be lead to the
activation of a tonic excitatory effect, the tonic vibration
reflex [48, 49]. Some authors have described that repeated
muscle contractions might exert endocrine and/or metabolic
effects [60].

The therapeutic effect of the exercises has been linked to
the growth hormone (GH) regulation [61]. These findings
have lead to the idea that exercise would be a convenient
treatment for the fibromyalgia patients based on the
hypothesis that the hormone regulation would be a key factor
in the control of the symptoms associated [61, 62]. For
example, impairment in the hypothalamic—pituitary—GH—
IGF-1 axis would be manifested in a reduction of the serum
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IGF-1 levels [63-65] which would be related to sleep
disturbances, poor muscle performance, fatigue, and muscle
pain.

Exercises in oscillating/vibratory platforms would induce
increases in GH [66, 67]. In addition, effects on GH
concentration have been attributed to a muscle
afferent—pituitary axis [68-70]. GH is synthesized and
secreted in a pulsating manner by the anterior pituitary gland
and IGF-1 is secreted by the liver in response to GH release
(61, 63). A study by Cardinale et al., 2010 [71] demonstrated
a significant increase in serum IGF-1 following a single
exposure to WBV in elderly patients.

Di Loreto et al 2004 [60] and Goto and Takamatsu, 2005
[72] have reported an increase of the plasma concentration of
epinephrine and norepinephrine in subjects submitted to
WBVE with vibrations with 30 and 26 Hz, respectively.

The possible indirect effects of the WBVE due to the
neuroendocrine responses has been suggested by Prisby at al,
2008 [44] and in the direct effect, muscles and tendons act as
spring-like elements that store and release mechanical
energy [41]. These facts would induce involuntary muscle
contractions that would be initiated by sensory receptors and
would reduce the recruitment threshold of motor units. In
consequence, authors have demonstrated an improvement of
the ankle plantar flexor strength and power in an older
population [73], the enhancement of the stability in elderly
women [73] and improvements in patient with neurological
disorders [74-81]. Keeping in the mind the suggested
mechanism and the findings reported in the literature,
WBVE have been successfully used to treat patients with
some diseases related to the impairments involving the
central nervous system, as cerebral palsy [75], multiple
sclerosis [42], spinal cord injury [76] and stroke [77, 78].
Some studies considered also the effects of whole body
vibrations on motor symptoms in Parkinson disease [43, 74,
79, 80] and patient with ADHD [56]. Moreover, Regterschot
et al, 2014 [57] have investigated acute effects of passive
WBYV on executive functions in healthy young adults and
they concluded that there is a potential of passive WBV as a
cognition-enhancing therapy worth further evaluation,
especially in persons unable to perform active forms of
exercise. These considerations might be important to the AD
patient.

1.6. Whole Body Vibration Exercises and Alzheimer
Disease

WBVE has been used as a suitable tool to treat several
undesirable clinical disorders [41, 44, 77, 81]. However, as
Rittweger, 2010 [41] has reported, that this kind of exercises
generated due o the interaction of the vibration obtained in
oscillating/vibratory platform with the body is still unknown
for the scientific community.

As it is shown in Table 2, a search performed on March 4™
2014, it is possible to see the number of publications in the
database PubMed with the key word “Whole body vibration”
alone and in association with other key words related to some
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chronic diseases. In comparison with physical activity (Table
I), the number of publications with whole body vibration is
very small. Moreover, it was not found articles involving
whole body vibration and Alzheimer disease, although
several clinical impairments related to this disease, as
posture and gait disturbances and a high risk of falls [6]
could be prevent by the WBVE.

Table 2. Number of publications (database PubMed) with the key word
“whole body vibration” alone and in association with other key words
related to some chronic diseases

Key word Number of publication
Whole body vibration 1090
"Whole body vibration" and cancer 6
"Whole body vibration" and diabetes 9
"Whole body vibration" and stroke 26

"Whole body vibration" and
"Alzheimer disease"
"Whole body vibration" and
"Parkinson disease"

No items found

14

2. Discussion

Neurodegenerative diseases represent a challenge to
define social and health actions. The awareness of the strong
and undesirable problems associated with the neurological
disorders led to the recognition that the services and
resources for the management of neurological disorders were
disproportionately scarce, especially in low income and
developing countries as reported by the World Health
Organization/ World Federation of Neurology [82]. AD is a
neurodegenerative disease and Thies and Bleiler, 2013 [5],
reported that are estimated 5.2 million Americans with this
illness. About 200,000 people younger than 65 years with
AD is the younger onset AD population; 5 million is the
older onset AD population. Following the Alzheimer’s
Association (83) of these 5 million people age 65 and older
with AD in the United States, 3.2 million are women and 1.8
million are men. Of those with AD, an estimated 4 percent
are under age 65, 13 percent are 65 to 74, 44 percent are 75 to
84, and 38 percent are 85 or older.

It is believed that by 2050, one new case of AD will be
developed to each 33 seconds, or about a million of new
cases per year, and the total estimated prevalence is expected
to be 13.8 million [5, 83-85].

Unpaid caregivers are primarily immediate family
members of patient with AD and other dementia, but they
also may be other relatives and friends. In 2012, these people
provided an estimated 17.5 billion hours of unpaid care, a
contribution to the nation valued at more than $216 billion [5,
85]. These economic and social conditions determine that
new, suitable and inexpensive tools are available to try to aid
in the prevention or in the management of the patient with
AD.

Physical activity has been considered a non
pharmacologic intervention to manage the AD patient and
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authors [28, 29] have suggested that habitual exercises aid to
preserve the structural integrity of white matter of the brain.
Moreover, Tseng et al, 2013 [29] suggest that the
preservation of the microstructural integrity of white matter
aids the visuospatial function, motor control, and
coordination.

Concerning to the cognitive impairments, Fuermaier et al,
2014 [56] have published that WBVE can improves the
cognitive performance of healthy individuals as well as of
individuals with ADHD. This finding would have high
relevance in the treatments of patients with cognitive
impairments, and we believe that this procedure involving
the vibration would be important to the AD patients. In
addition, Regterschot et al, 2014 [57] have suggested a
potential of passive WBV as a cognition-enhancing therapy
worth further evaluation, especially in persons unable to
perform active forms of exercise.

Considering that besides the cognitive impairments, AD
patients have posture and gait disturbances and a high risk of
serious falls [6]. Thinking that it is known that the physical
activity is recommended to all the persons due to various
benefits to a healthy subject, independently of the age, to
improve the physical ability [81], the WBVE would be a
convenient option. Phillips et al, 2014 [86] have reported that
improved trophic factor signaling has been considered as the
most popular hypothesis to explain the positive effects of
physical activity on cognition, with attention centering on
the neurotrophins that regulate a variety of neuronal
functions including proliferation, survival, migration, and
differentiation.

As the WBVE are safe and can improve the strength of the
muscle [45-50], the body balance [49, 53], and the muscle
power [54], to increase the health-related quality of life, to
reduce the fall risk [44] and it increases the blood flow [55],
it is suggested to include the WBVE in the management of
the AD patients.

Voet et al, 2013 [40] have presented a comprehensive
review about the clinical application of the WBV and they
suggested that the WBVE may be a complementary training
to standard physical rehabilitation program and appears to
have potential benefits in the sensorimotor system
performance of patients with neurodegenerative diseases. In
addition, the WBVE is capable to facilitate the liberation of
important molecules in the circulation, as the IGF1, that are
relevant to the AD patient in the pathway involved in this
disease. Moreover, Di Loreto et al 2004 [60] and Goto and
Takamatsu, 2005 [72] have reported increases of the
concentration of epinephrine and norepinephrine due to the
WBVE and, as described by Lin and Kuo, 2013 [31], this fact
would be also important to the AD patients due to the
norepinephrine  participates in  commanding  the
consolidation and retrieval of memory, especially emotional
memory.

Putting together the findings described in Table 1 and
Table 2, although physical activities have been used to
management of AD patients, no publications were found in
the PubMed involving whole body vibration exercises and

the patients with this neurodegenerative disease.

In addition, Phillips et al, 2014 [86] have described that
although the relationship between increased physical activity
and cognitive ability has been suggested for a long time, the
comprehension of the possible mechanisms involved in this
is recent. There are evidences that indicate that physical
activity is effective procedure to improve cognitive function
in all ages, and in particular, to elderlies who are vulnerable
to neurodegenerative disorders. Moreover, Phillips et al,
2014 [86] reported that physical activity alters trophic factor
signaling and, in turn, neuronal function and structure in
areas critical for cognition. It is presented that sustained
exercises have relevant role in modulating anti-inflammatory
effects and in preserving cognitive function in aging and
neuropathological conditions.

3. Conclusions

In conclusion, considering the importance of the exercises
for all the persons, and specifically to seniors and patients
with neurodegenerative disorders, as to the individuals with
AD, it is possible to conclude that the WBVE can be a
relevant, viable, safe and inexpensive strategic option of
physical activity to patients with Alzheimer’s disease.
Moreover, WBVE have been important to improve the
posture and gait disturbances and decrease the risk of falls,
which are present in the AD patients, besides their cognitive
limitations.
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