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SUMMARY
Background. Due to the deleterious effects of obesity on muscle tissue and the search for
tools to reverse these losses, it is important to understand the effect of physical exercises on
the muscle structure of obese individuals. This study aimed to analyze the effect of wholebody vibration (WBV) on the histomorphological parameters of the anterior tibial muscle
using the monosodium l-glutamate (MSG) obesity model.
Methods. MSG-obese rats that were exposed to WBV on a vibrating platform with a
frequency of 60 Hz, the amplitude of 2 mm, three times/week, 10 min/day, for eight weeks
(from postnatal day (PN) 80 to PN136). The histomorphology of the anterior tibial muscle
was evaluated.
Results. When performing a WBV exercise, the animals showed altered structural responses in the MSG animals, such as reduced muscle mass, increased connective tissue, and
nuclear activity. The WBV reduced the extracellular matrix and the nuclear activity in the
MSG animals, showing efficiency in the protocol.
Conclusions. Even with the aggressive character of the MSG model, the WBV exercise
was able to induce repair to the muscle tissue of these animals, thus being a safe protocol
for use in similar conditions.
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BACKGROUND
According to the World Health Organization, obesity is
a pandemic that affects approximately 650 million people
(1), who are subject to several associated comorbidities.
The accumulation of adipose tissue can negatively influence the process of muscle remodeling, promoting the
reduction of muscle mass, potentiating the deleterious
effects on the locomotor system (2). Overweight caused
by obesity has several negative effects on the locomotor
system, including joint problems, pain, and reduced locomotion (3).

This excess of adipose tissue is one of the main responsible
for the metabolic changes of obesity (4), one of the main
characteristics of which is the increase in the secretion of
pro-inflammatory cytokines. The constant maintenance of
high levels of these inflammatory molecules stimulates the
reduction of synthesis and increase of protein degradation,
consequently leading to a reduction in muscle mass and
strength (5). With persistent muscle inflammation, satellite cells, responsible for the regeneration of muscle fibers,
have their recruitment reduced and there is a greater
proliferation of fibroblasts, and thus, there is an increase in
657
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intramuscular connective tissue that contributes to muscle
changes and weakness (6).
To minimize part of the deleterious effects of obesity and its
comorbidities, several experimental methods are employed,
and physical exercise is effective and has few side effects. As
they are low-invasive and low-cost modalities, they are easily adopted in the treatment of obesity leading to improved
quality of life (7). The Whole-Body Vibration (WBV),
obtained through vibrating platforms, is an alternative for
people who, due to their physical conditions, do not adhere
to traditional forms of physical exercise, and dependent on
a low-impact activity (5).
WBV acts directly on the muscle, increasing the capacity for
muscle contraction and relaxation (8), stimulating protein
synthesis, accelerating regeneration, and improving vascularization (9). However, even knowing the effects of WBV
on some muscle and bone parameters, the effects of this
exercise modality associated with obesity models are not
well understood. Thus, the present study aimed to evaluate
the effects of WBV on the histomorphology of the anterior
tibial muscle of Wistar rats with obesity induced by monosodium glutamate (MSG).

Whole-Body Vibration protocol
The platform used was the professional tri-plane Vibro
Oscillatory model of the Arktus brand, with adapted protocol a frequency of 60 Hz, the amplitude of two millimeters, for 10 minutes (5, 7), from the animals’ 80 days of age,
three times a week, on alternate days, making a total of eight
weeks of treatment (11). To place the animals on the platform, to contain them and carry out the training with several animals simultaneously, a white wooden MDF support
was used, compartmented in eight stalls 13 cm wide, 19 cm
long, and height of 25 centimeters. At each training, the
animals were rotated between the bays to minimize bias due
to different vibration frequencies in different areas of the
platform (figure 1).

METHODS
Animals and experimental model
This study had an experimental character with a completely randomized design (DIC), with a level of evidence 1b.
For the present study, 32 male Wistar rats were used, kept
in standard polypropylene boxes, in an environment with a
temperature of 22 ± 1 ºC, with a photoperiod of 12 hours,
with free access to water and feed. Initially, the animals were
randomly separated into two experimental groups (n = 16):
1) CTL, whose animals received hyperosmotic saline, and 2)
MSG, whose animals were induced to obesity with monosodium glutamate. Of these, each group was subdivided
into two other experimental groups (n = 8): a) CTL-SED ‒
control group, b) MSG-SED ‒ obese group c) CTL-WBV
‒ control group trained with WBV and d) MSG-WBV ‒
an obese group trained with WBV (5). All procedures were
conducted according to the ethics parameters described in
this journal (10).
In the very first days of life, with an initial body weight
between six and seven grams and that comprised the
MSG-SED and MSG-WBV groups received intradermal
injections of monosodium glutamate (MSG) at a dose of 4
mg/g of body weight during the first 5 days deity. For those
composing the CTL-SED and CTL-WBV groups, during
the same period, hyperosmotic saline solution (12.5%) was
administered at a dose of 1.25 mg/g of body weight.
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Figure 1. (A) Vibrating platform, (B) front view and (C) top view.

Collection and preparation of the Tibialis
Anterior Muscle
At 142 days of age, the animals were weighed, desensitized
in a CO2 chamber, and euthanized by guillotining. The
retroperitoneal (RETRO) and perigonadal (PERIG) fats
were removed, their weight measured and normalized to
100 g-1 g body weight, and the Lee Index (∛ bodyweight
/ nasal-anal length × 1000) was calculated (7). The Tibialis Anterior muscle was dissected and fixed in metacarn for
24 hours, stored in 70% alcohol until processing for inclusion in paraffin blocks, where they were first dehydrated in
increasing alcoholic series and diaphanized in N-butyl alcohol. The blocks were cut transversely in a microtome to a
thickness of five µm and stained in Hematoxylin and Eosin,
and Masson’s Trichromic (5, 12).

Histomorphological analyzes
The materials, stained with Hematoxylin and Eosin and
Masson’s Trichromic, were photomicrographed using a
Muscles, Ligaments and Tendons Journal 2021;11 (4)
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photomicroscope with an Olympus BX60® coupled camera
(Tokyo, Japan) with a 40x objective, totaling 12 images per
animal in each technique. The morphological analyzes were
performed in the Image ProPlus 6.0 program, and in each
image the muscle fasciculus was scanned to randomly select
ten fibers, thus totaling 120 fibers per animal (5).
From these fibers, the shape and organization and density
(DENS) the positions of the nuclei, and the architecture of
the connective tissue were analyzed, and the cross-sectional
area (CSAF), larger (LDF), and smaller (SDF) diameters,
was measured. The numbers of central (NC%) and peripheral nuclei were also quantified, as well as the area of these
nuclei (CSAN). The number of fibers and nuclei were used
to calculate the nucleus to fiber ratio (N/F) and the area
ratio of the nuclei to the sarcoplasm (AN/AF) area (5, 11).
As for the analysis of connective tissue, the GIMP 2.0
program was used, and the quantification and comparison
of the total number of pixels in the image with the number
of connective tissue pixels were performed, to define the
total connective tissue present in the visual field. Thus, this
quantification considered the percentage of pixels referring to the total connective tissue (CON), epimysium (EPI),
perimysium (PER), and endomysium (END) (11, 12).

Statistical analysis
All variables were analyzed by the normality (Shapiro-Wilk
test) and homoscedasticity (Bartlet test) and those that
were in agreement with such assumptions, were analyzed
by Two-Way Analysis of Variance (ANOVA) follow by the
posthoc Tukey-HSD test, to examine the interaction of
obesity (MSG) and whole-body vibration (WBV). When
the assumptions were not in agreement, the Kruskal-Wallis test was performed followed by the posthoc Dunn
test. All analyses were performed with a level of significance α = 0.05.
Then, the matrices of the variables were standardized and
analyzed using the principal component analysis (PCA).
With the PCA, factorial loads are established for each variable and analyzed in response components. The data provided by the PCA is reduced, the data overlays are removed, and
the most representative linear units of the data are known.
The factor loads of the main components were evaluated in
terms of statistical significance using a Two-Way Analysis of
Variance (ANOVA) follow by the posthoc Tukey-HSD test
(7). As the main components (PC) are ordered in decreasing
order of importance for a structure of variance of the data
set, the greater the retention of the total variance in a smaller
number of linear formulas, the better the application of the
procedure to the experimental data. All procedures were
performed in software R version 4.0.3 (13).
Muscles, Ligaments and Tendons Journal 2021;11 (4)

RESULTS
Body Parameters
Bodyweight was affected only by MSG (p < 0.00001), with
no modification by the WBV factor. The Lee index showed
a significant difference due to the fixed effects of MSG
and WBV. An increase in means was observed in the MSG
groups (p < 0.0001) and a significant reduction in the WBV
groups (p = 0.01; table I). Only the MSG resulted in an
increase in weight of the retroperitoneal and perigonadal
fats compared to the respective controls (p < 0.0001; p <
0.0001, respectively; table I). There was no significant interaction between the fixed factors, which means that exercise
did not change the effect of MSG on these variables.

Morphological analysis
The CTL-SED (figure 2 A) animals have polygonal fibers,
with the nuclei in a peripheral location, just below the sarcoplasmic membrane. The extracellular matrix (figure 2 E)
organized in endomysium, intimately in contact with the
sarcoplasmic membrane, individually covers each muscle
fiber. The fibers are organized in muscle fascicles, delimited
by the perimysium that allows the entry of blood vessels and
nerves. Meanwhile, the animals of the MSG-SED (figure 2
B) present both polygonal fibers and fibers with a rounded shape and of smaller size, with a greater occurrence of
central nuclei. It is also possible to observe a greater presence of connective tissue in all muscle wraps (figure 2 F).
However, the CTL-WBV (figure 2 C) and OBS-WBV
(figure 2 D) animals showed predominantly polygonal
muscle fibers, with a smaller caliber than the respective
sedentary groups, and less occurrence of central nuclei. In
the case of connective wraps (figure 2 G, F), it is also possible to notice less deposition throughout the extracellular
matrix of these groups.

Morphometrical analysis
When assessing the CSAF, there was no interaction between
the factors (p = 0.457). However, MSG animals showed lower
values when compared to CTL (p < 0.0001). Meanwhile,
WBV animals showed a decrease in CSAF when compared to
SED (p = 0.003). Likewise, there was no interaction between
the factors in the LDF analysis (p = 0.083). However, MSG
animals showed lower values when compared to CTL (p <
0.0001). Following the same pattern, WBV animals showed
a reduction in LDF when compared to SED (p < 0.0001).
When evaluating the SDF, there was an interaction between
the factors (p < 0.0001), with no difference between the CTL
and MSG animals (p = 0.992). However, CTL-WBV animals
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Table I. Average ± Standard Deviation of the values of body and morphometric parameters of Wistar rats.
GROUPS
CTL-SED

p VALUES

CTL-WBV

MSG-SED

MSG-WBV

MSG

WBV

INT

BW

407.33 ± 12.85

400.00 ± 17.49

317.60 ± 9.03

307.78 ± 11.51

< 0.0001

0.875

0.248

LEE

293.18 ± 11.31Ba

279.17 ± 8.28Bb

307.67 ± 15.91Aa

296.71 ± 9.59Ab

< 0.0001

0.005

0.704

RETRO 1.20 ± 0.36

1.22 ± 0.28

1.97 ± 0.43

2.05 ± 0.45

< 0.0001

0.728

0.817

PERIG

1.31 ± 0.14Ba

1.16 ± 0.36Ba

1.70 ± 0.40Aa

1.85 ± 0.41Aa

0.0001

0.975

0.229

CSAF

3011.60 ± 335.03

2785.38 ± 258.74

2533.19 ± 179.74

2162.21 ± 268.54

< 0.0001

0.003

0.457

LDF

71.98 ± 4.57Aa

66.50 ± 3.04Ab

63.08 ± 3.04Ba

52.47 ± 4.96Bb

< 0.0001

< 0.0001

0.083

SDF

43.80 ± 2.07Aa

36.24 ± 1.95Bb

40.571 ± 1.70Ba

39.46 ± 1.92Aa

0.992

< 0.0001

< 0.0001

DENS

227.36 ± 35.39

275.56 ± 22.34

308.65 ± 36.93

392.32 ± 47.49

< 0.0001

< 0.0001

0.182

N/F

2.10 ± 0.10Aa

1.92 ± 0.03Ab

1.74 ± 0.09Ba

1.61 ± 0.17Bb

< 0.0001

< 0.0001

0.519

NC%

0.89 ± 0.19

0.77 ± 0.20

1.31 ± 0.38

0.54 ± 0.17

0.289

< 0.0001

0.001

CSAN

14.91 ± 1.45Ab

16.89 ± 2.03Aa

14.63 ± 0.99Ab

16.24 ± 1.01Aa

0.365

0.001

0.723

AN/AF

0.010 ± 0.001

0.011 ± 0.002

0.010 ± 0.001

0.012 ± 0.001

0.968

0.01

0.524

CONJ

9.14 ± 0.63Bb

8.56 ± 0.64Bb

16.51 ± 0.86Aa

10.56 ± 0.61Ab

< 0.0001

< 0.0001

< 0.0001

EPI

2.32 ± 0.22Bb

2.15 ± 0.16Bb

4.05 ± 021Aa

2.59 ± 0.12Ab

< 0.0001

< 0.0001

< 0.0001

PER

1.08 ± 0.14

1.22 ± 0.08

2.37 ± 0.16

1.56 ± 0.14

< 0.0001

< 0.0001

< 0.0001

END

1.15 ± 0.07Ba

0.89 ± 0.23Bb

1.82 ± 0.23Aa

1.12 ± 0.09Ab

< 0.0001

< 0.0001

0.001

Aa

Aa

Ba

Ba

Aa

Bb

Bb

Aa

Ab

Ba

Bb

Ab

Bb

Ba

Bb

Aa

Ba

Ab

Aa

Aa

Bb

Aa

Bb

Ab

Aa

Ba

Aa

Ab

CTL-SED: sedentary control group; CTL-WBV: trained control group; MSG-SED: sedentary obese group, MSG-WBV: trained obese group. Capital and
different letters represent isolated differences from the MSG factor; lowercase and different letters represent isolated differences from the WBV. BW: body
weight (g); LEE: Lee index (g/cm³); RETRO: retroperitoneal adipose tissue (g/100 g); PERIG: perigonadal adipose tissue (g/100 g); CSAF: cross-sectional
area of the muscle fiber (µm²); LDF: larger diameter of the muscle fiber (µm); SDF: smaller diameter of the muscle fiber (µm); DENS: density of muscle
fibers (fibers / mm²); N/F: core to fiber ratio; NC%: percentage of central nuclei; CSAN: cross-sectional area of the nucleus (µm²); AN/AF: a ratio of the
nucleus area to sarcoplasm area; CON: total connective tissue (% pixels); EPI: connective tissue of the epimysium (% pixels); PER: perimysium connective
tissue (% pixels); END: connective tissue of the endomysium (% pixels).

Figure 2. Photomicrographs of the anterior tibial muscle of Wistar rats at 142 days of age.
Cross-section, hematoxylin, and eosin staining (A-D), and Masson’s trichrome (E-H). (A, E) Sedentary control group (CTL-SED); (B, F) Sedentary obese
group (MSG-SED); (C, G) Trained control group (CTL-WBV); (D, H) Trained obese group (MSG-WBV). Polygonal-shaped fibers (stars); peripheral
nuclei (circles). Connective tissue corresponding to perimysium (thick arrows) and endomysium (thin arrows).
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showed a reduction in SDF when compared to CTL-SED
(p < 0.0001). In the case of DENS, there was no interaction between the factors (p = 0.182). However, there was
an increase in MSG animals when compared to CTL (p <
0.0001). Likewise, the WBV animals showed higher averages
than the SED (p < 0.0001) (table I).
When comparing the N/F values, there was no interaction between the factors (p = 0.519). However, there was
a reduction of this ratio in MSG animals when compared
to CTL (p < 0.0001). Likewise, there was a reduction in
N/F in WBV animals compared to SED (p < 0.0001). In the
case of NC%, there was an interaction between the factors
(p = 0.001), but there was no difference between the CTL
and MSG animals (p = 0.289). However, WBV reduced
NC% in MSG animals (p < 0.0001). When comparing
the CSAN values, there was no interaction between the
factors (p = 0.723), and no difference between the CTL and
MSG animals (p = 0.365). However, the WBV promoted
an increase in CSAN in trained animals (p = 0.001). Similarly, there was no interaction between factors (p = 0.524)
in AN/AF, and there was also no difference between CTL
and MSG animals (p = 0.968). However, WBV promoted
an increase in AN/AF when compared to SED animals (p =
0.01) (table I).
When assessing connective tissue variables, there was an
interaction between factors in the CON (p < 0.0001), EPI
(p < 0.0001), PER (p < 0.0001) and END (p = 0.001). In all
envelopes, MSG animals had higher connective tissue averages than CTL (p < 0.0001). Likewise, the exercise promoted a reduction in all connective wraps in MSG-WBV animals
when compared to MSG-SED (p < 0.0001). Only in END,
the exercise promoted the same reduction in CTL-WBV
animals when compared to CTL-SED (p < 0.0001) (table I).

Principal components analysis
After creating the PCs, it was observed that only 3 dimensions correspond to 84.47% of data exploration. Therefore, these 3 components were used for the development of
the analysis. The first dimension was called the Extracellular Matrix (CON, EPI, PER, END), the second was called
Muscle Mass (CSAF, LDF, SDF, DENS, AN/AF, N/F), and
the third of Nuclear Activity (CSAN, NC%, N/F, AN/AF).
Comparing the animals in terms of the Extracellular Matrix
and Muscle Mass components (figure 3 A), it is possible
to notice that the CTL-SED animals are determined by
the values of Muscular Mass, while the MSG-SED animals
show direction governed by the increase in the Extracellular Matrix. Meanwhile, the exercise brought the animals
CTL-WBV and MSG-WBV closer together, both in reducing muscle mass and in the extracellular matrix.
Muscles, Ligaments and Tendons Journal 2021;11 (4)

Meanwhile, the animals as a function of the Muscle Mass
and Nuclear Activity components (figure 3 B) it is possible
to notice that the CTL-WBV animals have greater Nuclear
Activity and less Muscular Mass than the CTL-SED. Likewise, MSG-WBV animals have reduced Muscle Mass and
Nuclear Activity. Even with different results of Nuclear
Activity, it is possible to notice that the exercise promoted changes that bring the two WBV groups closer together.
It is possible to observe this characteristic of approximation in the components Nuclear Activity and Extracellular
Matrix (figure 3 C), where it is possible to notice that even
with an increase in Nuclear Activity in CTL-WBV animals
and a reduction in MSG-WBV animals, the approximation promoted by the reduction of Extracellular matrix
in the MSG-WBV promotes overlapping of these animals
with the CTL.
When evaluating the distribution of the Extracellular Matrix data (figure 3 A’), there was an interaction
between the factors (p < 0.0001; F(1,28) = 34,183). The
MSG animals showed greater variation when compared
to the CTL (p < 0.0001; F(1,28) = 165,931). Likewise, the
exercise promoted a reduction in variations in WBV
animals compared to SED (p < 0.0001; F(1,28) = 87,613).
Conversely, when evaluating the distribution of Muscle
Mass data (figure 3 B’), there was no interaction between
the factors (p = 0.92968; F(1,28) = 0.008). However, it is possible to observe that MSG animals have lower averages than
CTL (p < 0.0001; F(1,28) = 42.617). Likewise, WBV animals
show reduced Muscle Mass when compared to SED (p <
0.0001; F(1,28) = 44,798). Meanwhile, when assessing the
distribution of Nuclear Activity data (figure 3 C’), there
was an interaction between the factors (p = 0.0001; F(1,28)
= 18.6430). Even though there was no difference between
the CTL and MSG animals (p = 0.185873; F(1,28) = 1.8393)
and the SED and WBV animals (p = 0.168550; F(1,28) =
1.9978), the interaction of the two factors promoted the
opposite effect in the animals. While CTL-WBV showed
an increase in Nuclear Activity compared to CTL-SED,
animals MSG-WBV showed a reduction when compared
to MSG-SED.

DISCUSSION
The obesity model used in the present study promoted negative changes in the structure of muscle tissue, increasing the
conjunctival extracellular matrix and reducing muscle mass,
and an increase in nuclear activity in MSG animals, demonstrating a harmful effect on tissue functionality. Nevertheless, when the MSG animals were submitted to WBV, these
changes were reversed, with a reduction in the extracellular
matrix and nuclear activity, suggesting muscle repair. Also,
661
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Figure 3. Principal Component Analysis (A-C) and Variation of data in each Component (A’-C’).

CTL-SED: sedentary control group; CTL-WBV: trained control group; MSG-SED: sedentary obese group, MSG-WBV: trained obese group. Capital and
different letters represent isolated differences from the MSG factor; lowercase and different letters represent isolated differences from the WBV. Extracellular Matrix (CON, EPI, PER, END), the second was called Muscle Mass (CSAF, LDF, SDF, DENS, AN/AF, N/F) and the third of Nuclear Activity
(CSAN, NC%, N/F, AN/AF), these three components exploit 84.47% of the data.

CTL animals increased nuclear activity, which may indicate
the effect of exercise on protein synthesis.
The MSG-induced obesity model promoted an increase in
the Lee index, as well as the deposition of retroperitoneal and
perigonadal body fats, that corroborates with studies which,
that have already demonstrated a significant increase in these
parameters and, therefore, the efficiency of the model for
the induction of obesity in rats (14, 15). The effectiveness of
this experimental model is justified by the injuries that occur
in several central structures in the paraventricular region,
with the arcuate and ventromedial nuclei of the hypothalamus being the most affected sites, with 80% to 90% of the
662

neurons responsible for controlling energy expenditure, food
consumption and glycemic homeostasis (16). Thus, due to
the damage to the hypothalamus caused by MSG, there is a
decrease in the production and secretion of hormones such
as GH, resulting in a model of dwarfism due to low systemic
growth derived from this low hormone (17).
When analyzing the histomorphometric parameters of
the anterior tibial muscle, there were a reduction in the
cross-sectional area, larger and smaller diameters of the
muscle fiber in MSG animals, showing that the model was
able to reproduce the expected hypotrophic characteristics. There is a direct relationship of inhibition of factors that
Muscles, Ligaments and Tendons Journal 2021;11 (4)
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repress muscle development, such as myostatin, in the presence
of GH. Since these animals do not have the normal secretion of
this hormone, there is an increase in the activity of myostatin,
leading to less growth of muscle fibers during the development
of the animal (18, 19).
The connective wraps are responsible for the structural maintenance of muscle fibers and for allowing the individually generated contraction force to act on the entire muscle and, finally, transmit it to the tendon and bone to generate movement.
Also, the connective tissue serves as a support for nerves and
blood vessels and which facilitates sliding for these structures.
It is important to note that almost all pathological changes in
the muscle are also associated with some degree of thickening
of the extracellular matrix (6, 20). In this study, it was observed
that obesity increased the percentage of all connective tissue
variables in MSG-SED animals, possibly due to the reduction
of protein synthesis and sedentary stimuli, which promotes
muscle disuse, and consequently, atrophy (5, 7). Therefore,
due to the obesity model causing muscle damage, there may
be an imbalance in the proliferation of growth factors involved
in muscle regeneration and mesenchymal growth, among them
the fibroblast growth factor (FGF), which works by stimulating the synthesis of connective tissue (21). The connective
tissue fills the area that would initially be occupied with muscle
fiber, which justifies the increase in the connective tissue of
the MSG-SED when compared to the CTL-SED. Besides,
it was shown that the most significant increase in MSG-SED
was concerning the perimysium, responsible for cell signaling
(20, 22). In this sense, a structural change, such as an increase
in fibrotic tissue, can negatively impact the arrival of muscle
growth signaling factors.
The increase in the percentage of connective tissue observed
in MSG-SED possibly occurred due to the high proliferation
of fibroblasts and synthesis of type III collagen, which consequently led to the proliferation of type I collagen, which determines the tensile strength and rigidity of the tissue (23). This is
also described in immobilization models (12) with an increase
in intramuscular connective tissue in the anterior tibial,
suggesting that there is a change in fibroblast metabolism and,
consequently, an increase in collagen synthesis, which would
be similar to what happened in the animals of the MSG-SED.
Boaretto et al. (2020) (5), obtained similar results in the soleus muscle of Wistar rats, in which the sedentary obese group
also obtained higher averages of muscle connective tissue. This
highlights the role of a sedentary lifestyle and muscle disuse in
the accumulation of connective tissue between muscle fibers.
However, the WBV animals showed a reduction in the amount
of connective tissue in the extracellular matrix, suggesting that
the exercise used was able to alter the synthesis and remodeling of the muscle connective wraps. Polizello et al. (2011) (23),
when assessing the distribution of collagen fibers in the wraps,
Muscles, Ligaments and Tendons Journal 2021;11 (4)

observed that the exercise promoted a reduction in the proportion of type I collagen, which is mainly responsible for the rigidity and fibrotic characteristics of the tissue. In this sense, the
remodeling promoted by the modality, in addition to reducing
the amount of connective tissue, promotes increased flexibility and malleability. Also, WBV has shown promise in reducing obesogenic and inflammatory parameters in humans and
improved insulin resistance. According to the authors, these
results, which were also achieved in eight weeks, are largely
driven by the reduction of body fat through the increase in fat
oxidation promoted by the WBV (24).
The use of WBV in obese humans has beneficial effects on the
modulation of body mass, promoting a reduction in body weight
and fat deposits. Also, it promotes increased muscle mass and,
consequently, increased muscle strength. The main mechanism
of action of WBV on skeletal muscle involves the activation
of neuromuscular spindles and α motor neurons (25). In this
sense, the WBV promotes involuntary contractions through
the tonic vibratory reflex. These stimuli promote, in addition to
the induction of muscle protein synthesis and neural activation,
modulation of cardiovascular activity, increased lipid mobilization, paracrine and endocrine activation (7, 26). The reduction in the cross-sectional area of CTL-WBV and MSG-WBV
animals may be related to the muscle used (27). Although in
the present study we presented a reduction in the size of the
muscle fiber, other studies with the soleus muscle, an agonist
of this movement, showed improvement in the cross-sectional
area of animals trained with the same protocol (11).
Melo et al. (2019) (28) state that, unlike the safety limit
parameters in the work environment, the use of therapeutic
vibration, that is, by medical devices, is not yet standardized.
According to the parameters of their revised protocols, and
following the review by Zago et al. (2018) (26), in humans, an
average of 15 minutes of daily exposure, 30-50 Hz and magnitude from 2.25 to 7.98 grams, amplitude around 2 millimeters
(mm) with a gradual increase in intensity during the intervention, can be safe, with positive effects for that population.
On the other hand, data regarding the use of this therapeutic
modality in obese rats is limited. In the work by Boaretto et
al. (2020) (5), using the same protocol as the present study,
the soleus muscle also showed a decrease in the cross-sectional area in the sedentary and obese groups submitted to the
WBV. According to the authors, the result found was possibly
due to the parameters used in the treatment protocol (alternate days per week, 60 Hz, 2 mm for 10 minutes), suggesting
that higher frequencies are potentially harmful.
Despite the positive results found in the present study, the
MSG model is a limitation, as it differs significantly from
human obesity, which is mainly induced by excessive intake
of caloric foods. In contrast, one of the strengths of the present study was the ability of the WBV exercise to promote
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improvement in the structural condition of the anterior tibial muscle, even in a model of such significant changes.
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