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Abstract: Vibration exercises on a platform (whole-body vibration, WBV), widely used in rehabilita-
tion, sports medicine, and fitness, is an alternative to strength effort. The presented study assessed
the effect of a 12-week cycle of vibration training on the serum concentrations of brain-derived neu-
rotrophic factor (BDNF) and cortisol in young women (trial ID: ACTRN 12621000114842). Volunteers
were assigned to three groups: performing exercises on a vibrating platform (n = 17), performing
identical exercises without a platform (n = 12), and passive control group (n = 17). The concentration
of BDNF and cortisol was assessed four times: before the first training session, 5 min after it, also
before, and 5 min after the last training session. There were no statistically significant changes in
the groups or among groups for both substances. WBV in the presented form did not increase the
secretion of BDNF and is not a stressful stimulus.
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1. Introduction

Whole-body vibration (WBYV) is used in rehabilitation, sports medicine, and fitness
and is an alternative to traditional strength effort. The essence is mechanical vibrations gen-
erated by a vibrating platform and transferred deep into the body through the myofascial
and skeletal systems of the person subjected to vibration. The biomechanical characteristics
of the resulting sinusoidal oscillations are frequency, amplitude, and acceleration. During
WBY, static exercises (holding a given position) or dynamic exercises (combined with limb
movement) can be performed [1,2].

The mechanism of the beneficial effects of WBV is combined with the tonic vibration
reflex in which the activation of mono- and polysynaptic neural pathways in response to
vibration of a given intensity is observed. In the next stage, there is efferent impulsion from
the spinal cord and the contraction of muscle cells. The tonic vibration reflex active during
WBYV generates alternating muscle contractions and relaxation. Mechanical vibrations
also generate remodeling in the skeletal system [3]. The influence of WBV on the human
endocrine system has also been documented [4,5].
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On the other hand, this indicates that improperly applied vibrations may distress the
human body. The first known type of such action was vibration syndrome [6]. It is now
known that not only vibration white finger can be a consequence of exposure to vibrations.
Body vibration is increasingly identified as a source of back pain [7]. Occupational exposure
to vibration is associated with neck pain [8,9]. The mechanism of this dependence is still
unclear, but programs aim to eliminate the health consequences of various occupational
groups [9,10].

There are considerable differences in the regional amounts of the brain-derived neu-
rotrophic factor (BDNF) protein. Its expression also takes place outside the central nervous
system. BDNF belongs to the neurotrophin family and increases neuronal survival and
neuroplasticity. In a healthy population, the concentration of this factor may be highly var-
ied [11]. However, in many neurodegenerative and neuropsychiatric disorders (e.g., depres-
sion [12], bipolar disorder [13] or schizophrenia [14], and neurodegenerative diseases [15]),
it is known to be reduced. For this reason, methods are being sought to stimulate increas-
ing the plasma level of BDNEF, which can aid in reversing or stopping the progression of
psychiatric or neurodegenerative diseases. It is currently known that factors increasing
BDNF expression include pharmacological therapy with antidepressants [16] and physical
activity [15,17]. However, the type, intensity, duration, and frequency of physical activity
differ in their effect on BDNF levels. A single sustained strength effort has little or no effect
on the basal level of this neurotrophin. In contrast, a single, exceptionally long-lasting, and
repeated aerobic exercise may increase circulating BDNF [18].

The cortisol release is associated with psychological and physical stress [19]. There
are pieces of evidence that stress-induced disruption of the circadian rhythm of cortisol
secretion has negative consequences for brain health. It is frequently investigated as a
biomarker of stress and a potential intermediary between stress and impaired brain func-
tion [19,20]. Cortisol is a powerful hormone that affects cognition in multiple and complex
ways. Associations between the circadian rhythm of cortisol secretion and both memories
and executive functions are shown with its potential role as a neuroendocrine 24-h inter-
val signal that synchronizes peripheral clocks throughout the brain to enable optimum
function [21]. Exercise represents physical stress, which challenges homeostasis [22]. In
response to this stressor, the autonomic nervous system and the hypothalamic—pituitary—
adrenal axis are known to react and participate in the maintenance of homeostasis. This
includes the elevation of cortisol in plasma. During training, adaptative changes lead to
the normalization of hormone levels. Exercise is now recognized as a simple tool to relieve
mental stress. Regular physical activity counteracts the effects of sudden and chronic stress,
ensures better tolerance of stress loads, and has a positive effect on reducing the risk of
diseases related to the presence of chronic stress and chronic hypercortisolemia [23].

WBY, due to the activation of the tonic vibration reflex [24] and other mechanisms, can
be considered as a substitute for physical activity. It was shown that not for general, but
for some, selected populations, WBV can be used as an initial form of exercise or exercise
adjuvant [1]. However, in most cases, the effectiveness was only studied in men [1]. The
influence of female hormones may modulate the training effects [25,26]. The study analyzed
changes in the levels of BDNF as a neurotrophic factor involved in the maintenance and
improvement of cognitive functions and cortisol as a stress marker in the blood of young,
healthy women after a single session and after 12 weeks of exercise combined with WBV.

The presented hypothesis assumed that the proposed training with an additional
vibration stimulus would substantially impact the plasma level of BDNF than training
without a vibration platform. A 12-week vibration training series can increase this neu-
rotrophy’s concentration, which can be seen by comparing the levels before the first and
the last training. The first training session can be a stress factor, which can be illustrated by
an increase in the plasma cortisol concentration of the subjects. Regular training, however,
should have an adaptive effect. It was expected that the last training session would no
longer increase the cortisol levels. Regular exercise could also lower the steady-state levels
of this hormone.
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2. Materials and Methods
2.1. Participants

Young, untrained women (n = 50) who met the following inclusion criteria were
qualified to participate in the study. The following inclusion criteria were used: age from
18 to 25 years, body mass index (BMI) within the range of expected values (18.5-24.9), diet
consistent with the recommendations of the Institute of Food and Nutrition [27], a level of
physical activity determined based on the International Physical Activity Questionnaire
(IPAQ) [28] as low (insufficient). The exclusion criteria were multiple medical burdens
confirmed by medical qualification that constitute a contraindication to WBYV, as indicated
in Table 1.

Table 1. Criteria for exclusion from the study [1,29].

° pregnancy, inflammation, infection, acute rheumatoid arthritis, arthrosis, epilepsy,
pacemaker, metal and synthetic implants, blood clotting disorders, gallstones, kidney stones,
severe diabetes, cardiac arrhythmia, and valve defects, coronary heart disease, back pain due
to discopathy, hernia of the nucleus pulposus or spondylosis, tumors, severe migraines, mild
positional dizziness;

use of hormonal contraception;

diagnosis of polycystic ovary syndrome or anovulatory cycles;

special and elimination diets up to 3 months before joining the project;

diagnosed or past psychiatric and endocrine diseases;

high and moderate levels of physical activity.

Participants were informed about the purpose, methods used, and the possibility
of withdrawing from the study at any time. The subjects gave their written consent and
agreed to stick to the current diet, not to take any medications or alcohol, and to follow the
current level of physical activity throughout their participation in the program.

Allocation of subjects into different groups was completed through volunteer
sampling—the participants were recruited via posted advertisement at the university
and assigned to the following groups: the experimental group (EG) performing exercises
on a vibrating platform; the active control group (AC) performing identical exercises
without a platform; and the passive control group (CG) not doing any exercises.

During the project, eight women were excluded (Figure 1). Women who were ex-
cluded from the study were participants who did not complete the assumed amount of
training. This was due to upper respiratory tract infections and the need to start antibiotic
therapy (one participant) or to give up due to other private reasons. The age and essential
anthropometric characteristics of the studied women are shown in Table 2.

2.2. Methods
2.2.1. Anthropometric Measurements

Measurements of weight and body composition were performed twice with the
TANITA BC 418 MA (93/42 EEC) (Tanita, Tokyo, Japan) body composition analyzer fol-
lowing the guidelines of Ackland et al. [30] before and after the end of the 12-week WBV.
The participants” height was measured using an anthropometer, and the BMI index was
calculated according to the generally accepted formula.

2.2.2. Blood Collection Method and Biochemical Determinations

Venous blood was collected four times (I—prior to the first training session, II—up
to 5 min after the first training session, Ill—prior to the last training session, IV—up
to 5 min after the last session). Blood samples were collected in the morning (7.00-9.00)
considering the daily fluctuations with the use of a BD Vacutainer system (Becton Dickinson,
Franklin Lakes, NJ, USA). Given the menstruation cycle, the study was designed so that all
participants were in the same phase of the cycle (follicular phase of the menstrual cycle) at
the time of blood collection.
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In the obtained serum, the concentrations of human brain-derived neurotrophic factor
(BDNF) (ELISA Kit 201-12-1303, SRB/Shanghai) and cortisol (cortisol, human EIA1887,
DRG, Marburg, Germany) were determined using the enzyme immunoassay.

Assessed for eligibility

(n=58)
Excluded (n=8)
F— - not meeting inclusion criteria
[n=8)
Enralment
[n=50)
Experimental Group (EG) Active Control (AC) Control Group (C3)
[n=20) (n=13) [n=17)
[ Fallow-up ]
Experimental Group (EG) Active Contral (AC) Control Group {CG)
[n=17) [n=12) {n=17)
[ Analisys ]
Experimental Group (EG) Active Control (AC) Coentrol Group (CG)
[n=17) in=12) [n=17)

Figure 1. Patient flow diagram (www.consort-statement.org, accessed on 16 October 2022).

Table 2. Age and basic anthropometric characteristics of the studied women.

EG AC CG
21.65 + 1.8 20.17 £1.75 19.53 £ 0.72
Age [years]

p>0.05

Height [cm] 162.76 £ 7.51 164.67 £ 5.94 167.24 £ 4.56
p>0.05

Weight [ke] 56.57 £7.18 59.43 + 6.04 63.29 £8.71

p = 0.029; post hoc: EG vs. CG
31+1. 02 £2. 57 £ 2.

BMI 21.31 =1.87 22.02 291 22.57 +2.44
p>0.05

PBF [%] 23.04 £ 6.11 25.62 = 4.14 26.25 £ 5.76
p>0.05

FM [kg] 13.34 £ 4.54 154 +£3.85 17.03 £ 5.89
p>0.05

FFM [kg] 4324 +3.81 44.03 - 2.84 46.25 1+ 3.24

p = 0.013; post hoc: EG vs. CG

EG—experimental group; AC—active control group; CG—passive control group; BMI—body mass index;
PBF—percent body fat; FM—fat mass; FFM—fat free mass.
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2.2.3. Whole-Body Vibration

The Fitvibe Excel Pro vibrating platform (Gymna Uniphy, Bilzen, Belgium), generating
vertical vibrations (amplitude: 2 and 4 mm, frequency 20-60 Hz), was the source of the
vibration stimulus. The examined women participated in individual, supervised sessions
three times a week for three months. On the platform, in a standing position with slightly
bent knees (15%), the participants received vibrations transmitted symmetrically to both
sides of the body. To verify the transmission of vibrations to the head and neck of the
participants and to monitor the training intensity (talk test), they were asked to maintain
verbal contact and the body position was also corrected each time by the instructor.

Each session included exercises in one series performed in antigravity positions on
a vibrating platform (Figure 2). Dynamic exercises were performed to the rhythm of a
metronome—25 movements per minute. The women marched around the room during
the break between the main exercises. Every training session began with a 5-min warm-up
in a standing position and ended with a 5-min relaxation exercise in low positions on a
mattress. In order to strengthen the antigravity control and reduce the transmission of
vibrations to the head, the examined women performed exercises in positions corrected by
the instructor in order to maintain the alignment of the limb joints with slightly bent knee
joints (15%) and raised heels, and the linearity of the body diaphragm system (breathing
pattern optimization).

4. Lunge with simultaneous lift-
ing of the arm (exercise per-

formed 2 times: once with the
right and once with the left leg)

3. Back-facing position on the

1. Front-facing position on
the platform

2. Dynamic squat up to an angle
of 90° in the knee joints platform, hands gripping the

straps

Figure 2. Exercises on the vibrating platform performed in the main part of the training session.

Great emphasis was placed on the individual control of each participant while exercis-
ing on the vibrating platform. Attention was paid to the correct body posture. This was to
limit the transmission of vibrations to the head and neck. During the entire investigation,
no withdrawal due to headaches, excessive tension in the muscles, or other disturbing
symptoms through training allowed for the presumption that maintaining the correct
body position while performing exercise on the vibration platform ensured the safety of
the participants.

Training Schedule

e 1-4 weeks: Duration of each exercise—1 min; break time between exercises—1 min;
vibration parameters—frequency 40 Hz, amplitude 2 mm;

e 5-8 weeks: Duration of each exercise—1 min; break time between exercises—1 min;
vibration parameters—frequency 45 Hz, amplitude 2 mm;

e  9-12 weeks: Duration of each exercise—1 min; break time between exercises—1 min;
vibration parameters—frequency 50 Hz, amplitude 2 mm.

2.2.4. Ethics Approval and Consent to Participate

The project was approved by the Ethics Committee (consent number: 224 /KBL/OIL/2016)
and registered in the clinical trial database (trial ID: ACTRN 12621000114842).

2.2.5. Statistical Analysis

Statistical analyses were conducted using STATISTICA 13.1 (StatSoft, Poland). The
results are presented as the mean, standard deviation (SD), median (ME), minimum value
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(MIN), and maximum value (MAX). The normality was tested with the Shapiro-Wilk and
the homogeneity of variance with the Levene tests. Outliers were rejected based on the
Grubbs test. The results within one group were compared with one-way ANOVA for
repeated measures. The results obtained for the three selected groups were compared with
one-way ANOVA for independent measures with Tukey’s post hoc test for unequal counts.
The FFM was added as a covariable in order to assess it as a factor differentiating the
results between the study groups (ANCOVA model). The level of significance (x) was set
atp <0.05.

3. Results

As a result of the conducted analyses, statistically significant intergroup differences
in body weight (p = 0.029) and fat-free mass (p = 0.013) were found. Women from the EG
group were characterized by a lower fat mass and fat-free mass compared to those within
the CG. There were no significant differences between group membership regarding the
variables: age, height, percentage of body fat, and BMI (Table 2).

The analysis of the serum cortisol level results showed that the selected groups did not
differ in the initial concentration of this hormone. In the groups performing exercises (EG
and AC), the effect of one-time training on the cortisol levels was not indicated, regardless
of whether the exercises were performed with or without the use of a vibrating platform.
There was also no indication of a change after three months of exercise. A comparison of the
plasma cortisol concentrations measured before and after the last training also did not show
significant differences, with the last approximately the same as the first session (Table 3).

Table 3. Plasma cortisol concentration in women from the vibration platform training group (EG),
those exercising without additional vibration stimulus (AC), and the control group (CG).

Cortisol
II I v p inside the Group p between Groups
mean 261.4 215.8 242.1 210.6 I
SD 109.2 95.6 1383 1333 0618
EG ME 244.1 228.8 186.9 1479 0.166
MIN 1322 91.31 130.4 104.1
MAX 4935 376.2 523.2 496.1 it
mean 245.6 303.9 269.5 275.9 0.099
SD 125.7 168.9 133.2 154.7
AC ME 205.95 279.8 228.85 230.95 0.675
MIN 117.3 90.13 139.4 103 I
MAX 4987 582.1 588.9 520.4 0.767
mean 206 277.4
SD 1452 125.6
CG ME 170.4 246.7 0.067 v
MIN 62 148.3 0.250
MAX 621.6 537.7

I—measurement made before the first training session, [I—measurement made after the first training session,
[II—measurement made before the last training session, [IV—measurement made after the last training session.
SD—standard deviation; ME—median; MIN—minimum value; MAX—maximum.

When analyzing the concentration of BDNF and cortisol in the plasma, similar values
were observed (Table 4). Baseline levels of this neurotrophin did not differ between the
selected groups. It also remained the same after the first training in the groups performing
exercises on the platform (EG) and without the platform (AC). BDNF concentrations in
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the plasma of the test persons did not differ before and after the last training session. The
influence of a 12-week series of WBV exercises on the level of this factor was not indicated.

Table 4. Plasma BDNF concentration in women from the vibration platform training group (EG),
those exercising without additional vibration stimulus (AC), and the control group (CG).

BDNF
I II III v p inside the Group p between Groups
mean 2.1 2.0 2.0 2.0 1
SD 0.9 08 0.8 0.7 0559
EG ME 1.9 2.0 1.8 1.8 0.126
MIN 12 1.0 1.0 1.1
MAX 40 33 35 3.1 il
mean 26 25 23 24 0.090
SD 0.9 0.8 0.7 0.7
AC ME 24 24 2.1 2.2 0.315
MIN 15 1.6 14 1.6 I
MAX 3.7 41 35 38 0.681
mean 2.3 24
SD 13 16
CG ME 19 19 0.727 0'11‘24
MIN 14 1.0
MAX 5.9 6.9

I—measurement made before the first training session, Il—measurement made after the first training session,
III—measurement made before the last training session, [IV—measurement made after the last training session.
SD—standard deviation; ME—median; MIN—minimum value; MAX—maximum.

Significant differences in FFM between the groups indicated the need to analyze the
FFM as a variable influencing the concentration of the studied criteria. ANCOVA, for the
results obtained before the first training for all selected groups, demonstrated that FFM
did not influence the level of BDNF (p = 0.481) or cortisol (p = 0.241). This analysis was
repeated for the third measurement (before the last vibration training) with similar results
(p =0.752 and p = 0.311, respectively).

4. Discussion

This study shows that both the one-time and three-month period with or without the
addition of a vibration stimulus does not affect the concentration of cortisol and BDNF
in young, healthy women. It was observed that exercises on a vibrating platform at
low training loads in the indicated population did not significantly affect the profile of
the examined factors. The study demonstrated that WBV exercises, when performed
individually, according to the instructor’s guidelines, constitute a well- accepted and not
overly stressful form of physical activity for young women. In the course of this study, the
authors followed the methodology postulated by Wuestefeld et al. as much as possible [31].

Despite the sizeable individual diversity of somatic parameters, three groups of
women were recruited that did not differ in the initial BDNF level. An important finding
was also the circadian rhythm of BDNF release, hence the need to perform exercise tests
at a fixed time (preferably between 7.00 and 9.00 am) and fluctuations in the level of this
neurotrophin associated with the monthly cycle in women, mainly imitating the profile
of sex steroid concentrations [32]. Strict adherence to the research protocol allowed us to
obtain reliable results. It was essential to adjust the beginning of the training cycle for
each woman to begin and end in her follicular phase of the monthly cycle. It is claimed
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that engaging in various physical pursuits increases neuronal activity [17]. Prolonged
physical exertion may increase neuroplasticity and initiate processes leading to improving
or maintaining cognitive functions. This effect has been proven in clinical trials in healthy
volunteers [17] and patients with symptoms of cognitive dysfunction [33]. More recent
studies have shown that women subjected to a combination of physical training and vibra-
tion had higher plasma levels of BDNF. However, the average age of those participants was
higher than in the presented study; moreover, they exhibited health burdens [34,35]. Based
on the bring forward observation, the 3-month WBV exercises did not provide a sufficient
load to exhibit a profound effect in young, healthy women.

On the other hand, the physical effort performed by the women on the vibrating
platform as well as the action of the vibrations themselves were not a stress factor for
the subjects, which is also important for the recovery of a good postural control pattern
and the breathing quality of the exercising women. This was evidenced by the lack of
changes in cortisol concentration after a single WBV and the entire program. The cortisol
concentration modulates the circadian rhythm. Its highest concentration in the blood was
observed, as in the case of BDNF in the morning hours. As a result, the physiological range
of concentrations in the morning at rest for cortisol was 150-650 nmol L.=!. This study’s
results were within the physiological reference ranges before and after the training session.

The intensity or duration of exercise determines the physical stress and the response
of the adrenal cortex. Post-exercise maintenance of cortisol secretion depends on the degree
of training, environmental conditions, pre-exercise glycemia, and other variables.

The assessment of the effect of WBV on the level of selected hormones including
cortisol was investigated by Kvorning et al. [36]. The cortisol levels increased and decreased
after the vibratory stimulus was applied during the first training session, but did not change
following nine weeks of WBV. The introduced investigation observed only a slight drift
toward a post-training spike in the cortisol levels after the first training session.

In contrast to set forth observations, Kvorning [36] observed higher cortisol levels after
the completion of the program. These differences seem to result from different training
protocols, as indicated by Erskine et al. [4], where changes in the cortisol concentration
(assessed in saliva) did not alter after the completion of isometric exercise training. In
addition, Erskine et al. [4] found no change in the salivary testosterone or cortisol levels
immediately post-, one h post-, two h post-, and 24 h post-vibration; however, there was a
tendency (p = 0.052) for cortisol levels to rise across time in the vibrated group. Nevertheless,
the authors concluded that the observed differences in cortisol levels for young, healthy
individuals did not stimulate the neuroendocrine system in a significant way. However,
some differences could be observed in the elderly. Hormonal fluctuations were noted in
elderly individuals following a single session of WBV. Immediately after the WBV session,
the cortisol levels were higher than those observed with static squats alone. Still, by 1 h
and 2 h-post-treatment, the cortisol concentrations were reduced below the pre-treatment
levels with both WBV plus static squat and static squat alone [29].

Despite the gradual increase in the intensity of the vibration stimulus (change of
frequency in individual weeks of using exercises on the platform), no significant outcomes
were observed. The gradation of the intensity of exercises on the platform should also be
applied to obtain beneficial effects.

4.1. Study Limitations

This study only included women with well-defined age and baseline physical activ-
ity characteristics that cannot be directly interpolated into the general population. The
investigation was solely concerned with the proposed training cycle with specific vibration
parameters used in the following weeks of conducting physical exercises on a vibration
platform. The change in the device generating the vibration buffer and the modification of
the frequency and amplitude may influence the analyzed markers. A significant limitation
was related to the size of the cohort group.
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4.2. Study Strengths

The meticulous selection of the participants is a strength of this study. Despite the
large fluctuations in the plasma concentration of BDNF in the human population, the
investigation managed to create favorable conditions for observation by selecting three
groups with no differences in the initial plasma concentration of neurotrophins. Another
strength is the meticulous control during exercise. Each participant was individually
controlled for body posture on a vibrating platform. Additionally, the introduction of the
control of transmitting the vibrational stimulus to the head and neck was critical. The
12 weeks of training protocol allowed us to observe the body’s adaptation of the selected
cohort group.

4.3. Research Perspectives

Future studies should focus on the heterogeneity of the samples including subjects
for whom physical exercise activity is contraindicating or challenging to execute. It would
be invigorating to look at how people with a reduced baseline BDNF level (as a result of
psychiatric or neurological disorders) react to training with the inclusion of a vibrating
platform. The presented observation indicates that the proposed training module is well-
tolerated and not overly stressed, which allows it to be offered to people with health loads.

5. Conclusions

The proposed, supervised form of effort on a vibrating platform is well-accepted and
not overly stressed. Nevertheless, it cannot be a factor in enhancing neuroplasticity.

Neither a single training session nor a 12-week cycle of exercises on a vibrating plat-
form causes changes in the concentrations of BDNF and cortisol in the serum of young,
healthy women. The lack of changes in the cortisol level allows us to conclude that
the stimulus applied was not stressful for the subjects. The necessary condition, how-
ever, seems to be the continuous control of the body posture on the vibrating platform.
Comprehensive, cross-sectional, longitudinal research is needed to elucidate and better
understand the underlying mechanisms and pathways of interaction engaging WBV and
its physiological outcome.

Author Contributions: Conceptualization, A.P, W.P., H.G. and S.M.; Methodology, A.P, O.C.-L., J.A.
and S.M.; Software, O.C.-L.; Validation, O.C-L., A.P,, T.P. and M.Z.; Formal analysis, O.C.-L. and
A.P; Investigation, H.G. and J.A.; Resources, A.P. and H.G.; Data curation, M.Z., TP. and ES.-K,;
Writing—original draft preparation, A.P; Writing—review and editing, AP, M.Z. and LU,
Visualization, A.P. and O.C.-L.; Supervision, T.P.; Project administration, A.P. and H.G.; Funding
acquisition, A.P. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the University of Physical Activity in Krakow, grant number
84/MN/KF/2016. The APC was funded within the framework of the program of the Ministry of
Science and Higher Education (Poland) under the name “Regional Initiative for Perfection” within
the years 20192022, project no. 022/RID/2018/19 in the total of PLN 11,919,908.

Institutional Review Board Statement: The project was approved by the Ethics Committee (con-
sent number: 224/KBL/OIL/2016) and registered in the clinical trial database (trial ID: ACTRN
12621000114842).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors would like to thank all participants of the project for their time and
commitment to the 12-week project. The authors would also like to thank the people who supervised
the individual training.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.



Int. |. Environ. Res. Public Health 2022, 19, 16108 10 of 11

References

1.  Cochrane, D.J. Vibration Exercise: The Potential Benefits. Int. J. Sports Med. 2011, 32, 75-99. [CrossRef]

2. Van Heuvelen, M.J.G,; Rittweger, J.; Judex, S.; Safiudo, B.; Seixas, A.; Fuermaier, A.B.M.; Tucha, O.; Nyakas, C.; Marin, PJ.; Taiar,
R.; et al. Reporting Guidelines for Whole-Body Vibration Studies in Humans, Animals and Cell Cultures: A Consensus Statement
from an International Group of Experts. Biology 2021, 10, 965. [CrossRef]

3. Thompson, W.R,; Yen, S.S.; Rubin, J. Vibration Therapy. Curr. Opin. Endocrinol. Diabetes Obes. 2014, 21, 447-453. [CrossRef]

4.  Erskine, J.; Smillie, I; Leiper, J.; Ball, D.; Cardinale, M. Neuromuscular and Hormonal Responses to a Single Session of Whole
Body Vibration Exercise in Healthy Young Men. Clin. Physiol. Funct. Imaging 2007, 27, 242-248. [CrossRef]

5. Laisa, L.D.; Paula, M.G.; Dulciane, N.P.; Nasser, R.A.; Pedro, J.M.; Mario, B.F. Alterations on the Plasma Concentration of
Hormonal and Non Hormonal Biomarkers in Human Beings Submitted to Whole Body Vibration Exercises. Sci. Res. Essays 2015,
10, 287-297. [CrossRef]

6. Jaques, S.A.; Burke, EJ. Vibration White Finger. Br. Dent. |. 1994, 177, 279. [CrossRef]

7. Pope, M.; Magnusson, M.; Lundstrom, R.; Hulshof, C.; Verbeek, J.; Bovenzi, M. Guidelines for Whole-Body Vibration Health
Surveillance. J. Sound Vib. 2002, 253, 131-167. [CrossRef]

8.  Rehn, B,; Nilsson, T.; Lundstrom, R.; Hagberg, M.; Burstrom, L. Neck Pain Combined with Arm Pain among Professional Drivers
of Forest Machines and the Association with Whole-Body Vibration Exposure. Ergonomics 2009, 52, 1240-1247. [CrossRef]

9.  Solecki, L. Complaints of Low Back Pain among Private Farmers Exposed to Whole Body Vibration. Med. Pr. 2014, 65, 55-64.
[CrossRef]

10. Sinczuk-Walczak, H.; Siedlecka, J.; Szymczak, W.; Gadzicka, E.; Walczak, A.; Kowalczyk, G.; Dania, M.; Bortkiewicz, A.
Neurological Symptoms and Syndromes in Municipal Transport Drivers. Med. Pr. 2015, 66, 333-341. [CrossRef] [PubMed]

11.  Knaepen, K.; Goekint, M.; Heyman, E.M.; Meeusen, R. Neuroplasticity — Exercise-Induced Response of Peripheral Brain-Derived
Neurotrophic Factor. Sports Med. 2010, 40, 765-801. [CrossRef] [PubMed]

12.  Karege, F; Perret, G.; Bondolfi, G.; Schwald, M.; Bertschy, G.; Aubry, J.-M. Decreased Serum Brain-Derived Neurotrophic Factor
Levels in Major Depressed Patients. Psychiatry Res. 2002, 109, 143-148. [CrossRef] [PubMed]

13.  Cunha, A.B.M,; Frey, B.N.; Andreazza, A.C.; Goi, ].D.; Rosa, A.R.; Gongalves, C.A.; Santin, A.; Kapczinski, F. Serum Brain-Derived
Neurotrophic Factor Is Decreased in Bipolar Disorder during Depressive and Manic Episodes. Neurosci. Lett. 2006, 398, 215-219.
[CrossRef] [PubMed]

14. Nieto, RR,; Carrasco, A.; Corral, S.; Castillo, R.; Gaspar, P.A.; Bustamante, M.L.; Silva, H. BDNF as a Biomarker of Cognition in
Schizophrenia/Psychosis: An Updated Review. Front. Psychiatry 2021, 12, 662407. [CrossRef] [PubMed]

15. Ruiz-Gonzalez, D.; Hernandez-Martinez, A.; Valenzuela, P.L.; Morales, J.S.; Soriano-Maldonado, A. Effects of Physical Exercise
on Plasma Brain-Derived Neurotrophic Factor in Neurodegenerative Disorders: A Systematic Review and Meta-Analysis of
Randomized Controlled Trials. Neurosci. Biobehav. Rev. 2021, 128, 394-405. [CrossRef]

16. Bjorkholm, C.; Monteggia, L. M. BDNF—A Key Transducer of Antidepressant Effects. Neuropharmacology 2016, 102, 72-79.
[CrossRef]

17.  Ziemba, A.W. Role of Physical Activity in Preventing Cognitive Disorders. Aktual. Neurol. 2014, 14, 175-180. [CrossRef]

18. Dinoff, A.; Herrmann, N.; Swardfager, W.; Liu, C.S.; Sherman, C.; Chan, S.; Lanctot, K.L. The Effect of Exercise Training on
Resting Concentrations of Peripheral Brain-Derived Neurotrophic Factor (BDNF): A Meta-Analysis. PLoS ONE 2016, 11, e0163037.
[CrossRef]

19. Dziurkowska, E.; Wesolowski, M. Cortisol as a Biomarker of Mental Disorder Severity. J. Clin. Med. 2021, 10, 5204. [CrossRef]

20. Lee, D.Y;; Kim, E.; Choi, M.H. Technical and Clinical Aspects of Cortisol as a Biochemical Marker of Chronic Stress. BMB Rep.
2015, 48, 209-216. [CrossRef]

21. Law, R.; Clow, A. Stress, the Cortisol Awakening Response and Cognitive Function. In International Review of Neurobiology;
Elsevier Inc.: Amsterdam, The Netherlands, 2020; Volume 150, pp. 187-217; ISBN 9780128167526.

22. Mastorakos, G.; Pavlatou, M.; Diamanti-Kandarakis, E.; Chrousos, G.P. Exercise and the Stress System. Hormones 2005, 4, 73-89.
[PubMed]

23.  Peeters, GM.E.E; van Schoor, N.M.; Visser, M.; Knol, D.L.; Eekhoff, EM.W.; de Ronde, W,; Lips, P. Relationship between Cortisol
and Physical Performance in Older Persons. Clin. Endocrinol. 2007, 67, 398-406. [CrossRef] [PubMed]

24. Burke, D.; Schiller, H.H. Discharge Pattern of Single Motor Units in the Tonic Vibration Reflex of Human Triceps Surae. J. Neurol.
Neurosurg. Psychiatry 1976, 39, 729-741. [CrossRef]

25. Collado-Boira, E.; Balifio, P,; Bold6-Roda, A.; Martinez-Navarro, I.; Hernando, B.; Recacha-Ponce, P.; Hernando, C.; Muriach, M.
Influence of Female Sex Hormones on Ultra-Running Performance and Post-Race Recovery: Role of Testosterone. Int. . Environ.
Res. Public Health 2021, 18, 10403. [CrossRef] [PubMed]

26. Hansen, M. Female Hormones: Do They Influence Muscle and Tendon Protein Metabolism? Proc. Nutr. Soc. 2018, 77, 32—41.
[CrossRef]

27.  Jarosz, M. Normy Zywienia Dla Populacji Polski; Instytut Zywnodci i Zywienia: Warszawa, Poland, 2017; ISBN 9788386060894.

28. Biernat, E.; Stupnicki, R.; Gajewski, A K. Miedzynarodowy Kwestionariusz Aktywnosci Fizycznej (IPAQ)—Wersja Polska. Wych.
Fiz. Sport 2007, 51, 47-54.

29. Cardinale, M.; Erskine, J.A. Vibration Training in Elite Sport: Effective Training Solution or Just Another Fad? Int. ]. Sports Physiol.

Perform. 2008, 3, 232-239. [CrossRef]


http://doi.org/10.1055/s-0030-1268010
http://doi.org/10.3390/biology10100965
http://doi.org/10.1097/MED.0000000000000111
http://doi.org/10.1111/j.1475-097X.2007.00745.x
http://doi.org/10.5897/SRE2015.6182
http://doi.org/10.1038/sj.bdj.4808585
http://doi.org/10.1006/jsvi.2001.4253
http://doi.org/10.1080/00140130902939889
http://doi.org/10.13075/mp.5893.2014.002
http://doi.org/10.13075/mp.5893.00208
http://www.ncbi.nlm.nih.gov/pubmed/26325046
http://doi.org/10.2165/11534530-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/20726622
http://doi.org/10.1016/S0165-1781(02)00005-7
http://www.ncbi.nlm.nih.gov/pubmed/11927139
http://doi.org/10.1016/j.neulet.2005.12.085
http://www.ncbi.nlm.nih.gov/pubmed/16480819
http://doi.org/10.3389/fpsyt.2021.662407
http://www.ncbi.nlm.nih.gov/pubmed/34220575
http://doi.org/10.1016/j.neubiorev.2021.05.025
http://doi.org/10.1016/j.neuropharm.2015.10.034
http://doi.org/10.15557/AN.2014.0020
http://doi.org/10.1371/journal.pone.0163037
http://doi.org/10.3390/jcm10215204
http://doi.org/10.5483/BMBRep.2015.48.4.275
http://www.ncbi.nlm.nih.gov/pubmed/16613809
http://doi.org/10.1111/j.1365-2265.2007.02900.x
http://www.ncbi.nlm.nih.gov/pubmed/17555515
http://doi.org/10.1136/jnnp.39.8.729
http://doi.org/10.3390/ijerph181910403
http://www.ncbi.nlm.nih.gov/pubmed/34639701
http://doi.org/10.1017/S0029665117001951
http://doi.org/10.1123/ijspp.3.2.232

Int. |. Environ. Res. Public Health 2022, 19, 16108 11 of 11

30.

31.

32.

33.

34.

35.

36.

Ackland, T.R.; Lohman, T.G.; Sundgot-Borgen, J.; Maughan, R.J.; Meyer, N.L.; Stewart, A.D.; Miiller, W. Current Status of Body
Composition Assessment in Sport. Sports Med. 2012, 42, 227-249. [CrossRef]

Wouestefeld, A.; Fuermaier, A.B.M.; Bernardo-Filho, M.; da Cunha de Sa-Caputo, D.; Rittweger, J.; Schoenau, E.; Stark, C.; Marin,
PJ.; Seixas, A.; Judex, S.; et al. Towards Reporting Guidelines of Research Using Whole-Body Vibration as Training or Treatment
Regimen in Human Subjects—A Delphi Consensus Study. PLoS ONE 2020, 15, €0235905. [CrossRef]

Begliuomini, S.; Casarosa, E.; Pluchino, N.; Lenzi, E.; Centofanti, M.; Freschi, L.; Pieri, M.; Genazzani, A.D.; Luisi, S.; Genazzani,
A.R. Influence of Endogenous and Exogenous Sex Hormones on Plasma Brain-Derived Neurotrophic Factor. Hurm. Reprod. 2007,
22,995-1002. [CrossRef]

Atherton, N.; Bridle, C.; Brown, D.; Collins, H.; Dosanjh, S.; Griffiths, F.; Hennings, S.; Khan, K.; Lall, R.; Lyle, S.; et al. Dementia
and Physical Activity (DAPA)—An Exercise Intervention to Improve Cognition in People with Mild to Moderate Dementia:
Study Protocol for a Randomized Controlled Trial. Trials 2016, 17, 165. [CrossRef] [PubMed]

Ribeiro, V.G.C.; Lacerda, A.C.R; Santos, ].M.; Coelho-oliveira, A.C.; Fonseca, S.F.; Prates, A.C.N.; Flor, ].; Garcia, B.C.C.; Tossige-
gomes, R.; Leite, R.; et al. Efficacy of Whole-Body Vibration Training on Brain-Derived Neurotrophic Factor, Clinical and
Functional Outcomes, and Quality of Life in Women with Fibromyalgia Syndrome: A Randomized Controlled Trial. J. Healthc.
Eng. 2021, 2021, 7593802. [CrossRef] [PubMed]

Bemben, M.G.; Cristina, A.; Lacerda, R.; Danielle, C.; Neves, C. Whole Body Vibration Training on Muscle Strength and Brain-
Derived Neurotrophic Factor Levels in Elderly Woman with Knee Osteoarthritis: A Randomized Clinical Trial Study. Front.
Physiol. 2019, 10, 756. [CrossRef]

Kvorning, T.; Bagger, M.; Caserotti, P.; Madsen, K. Effects of Vibration and Resistance Training on Neuromuscular and Hormonal
Measures. Eur. J. Appl. Physiol. 2006, 96, 615-625. [CrossRef] [PubMed]


http://doi.org/10.2165/11597140-000000000-00000
http://doi.org/10.1371/journal.pone.0235905
http://doi.org/10.1093/humrep/del479
http://doi.org/10.1186/s13063-016-1288-2
http://www.ncbi.nlm.nih.gov/pubmed/27015659
http://doi.org/10.1155/2021/7593802
http://www.ncbi.nlm.nih.gov/pubmed/34900203
http://doi.org/10.3389/fphys.2019.00756
http://doi.org/10.1007/s00421-006-0139-3
http://www.ncbi.nlm.nih.gov/pubmed/16482475

	Introduction 
	Materials and Methods 
	Participants 
	Methods 
	Anthropometric Measurements 
	Blood Collection Method and Biochemical Determinations 
	Whole-Body Vibration 
	Ethics Approval and Consent to Participate 
	Statistical Analysis 


	Results 
	Discussion 
	Study Limitations 
	Study Strengths 
	Research Perspectives 

	Conclusions 
	References

