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ABSTRACT

Introduction. In exercise, vibrations are performed in order to produce rapid and short changes in muscle length. These chang-
es are detected by sensory receptors, in response try to dampen the vibratory waves through a modulation of muscle stiffness.
However, its effects on the morphology of muscle tissue are still not fully established, especially after long periods of immobi-
lization.

Aim. To compare the effects of the vibratory platform on the remobilization of the extensor digitorum longus (EDL) muscle of
Wistar rats with free remobilization.

Material and methods. 20 rats were divided into: CG (Control), IG (immobilized), IFG (immobilization and free remobilization),
IPG (immobilization and remobilization with vibratory platform). The immobilization was performed on the pelvic limb for 15
days. The remobilization with vibratory platform was done for 10 minutes daily, for 2 weeks. The EDL was processed for histo-
logical analysis of cross-sections.

Results. The area, larger diameter, smaller diameter and fiber density of the EDL muscle of Gl presented significant alteration
when opposed to CG, IFG and IPG. The density of nuclei of the EDL muscle of IG presented a significant increase when opposed
to the others, and IPG also presented a significant increase when compared to CG.

Conclusion. The morphology and morphometry of the EDL muscle tissue were affected, and both free and vibration platform re-
mobilization re-established the morphological aspects of the muscle fiber, without significant differences between the methods.
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Introduction

The skeletal striated muscle is composed of long, nar-
row, multinucleated skeletal muscle fibers. Its nuclei
are peripherally located in the fiber, below the sarco-
plasmic membrane, and have a high capacity of struc-
tural and functional adaptation, called neuromuscular
plasticity.!* Thus, mass and composition are directly
related to function and can be regulated according to
workload, activity and pathological conditions.’® In
addition, the lack of stimuli can lead to muscle chang-
es, such as immobilization, a therapeutic resource
frequently used in the treatment of lesions of the mus-
culoskeletal system.’

The greatest effect observed in muscle tissue subject-
ed to long periods of immobilization is muscle atrophy.
This process seems to be highly ordered and regulated,
characterized by a decrease in the cross-sectional area
of the fiber and protein content. These changes result
in reduced force production capacity, decreased elec-
trical activation and increased fatigue.*'*"* Still, Rocha
et al. reported that prolonged immobilization, whether
in a shortened or elongated position, seems to reduce
the sarcomeres in series number, besides increasing the
deposition of intramuscular and perimysium connec-
tive tissue, which can reduce the relative strength and
muscle dynamics for active movement, leading to func-
tional deficits in the body segment.**

In the attempt of a rapid remobilization, several ther-
apeutic meditations have been used, among them physi-
cal exercises. However, there are still gaps as to the best
type, intensity and period of performance. Thus, it is nec-
essary to search for new modalities and in this sense, ex-
ercises that impose hypergravity, due to high acceleration,
achieve complex body responses.'* Whole-body vibration
(WBV) has shown good results in the increase of densi-
ty and acceleration of bone metabolism, besides the in-
crease in strength, balance and muscle power. Still, it can
be applied to individuals of various ages and physical
conditions, as is the case of those who have limitations
to perform exercises that give load.'*"" In exercise, vibra-
tions are performed in order to produce rapid and short
changes in muscle length. These changes are detected by
sensory receptors, in response try to dampen the vibra-
tory waves through a modulation of muscle stiffness.’>*
However, its effects on the morphology of muscle tissue
are still not fully established, especially after long periods
of immobilization.**

Aim

Thus, the present study aimed to analyze the morpho-
logical effects of the vibratory platform in the remobi-
lization of the extensor digitorum longus (EDL) muscle
of Wistar rats compared to free remobilization.

Material and methods

This is an experimental, quantitative study developed at
the Laboratory for the Study of Lesions and Physiother-
apeutic Resources and at the Laboratory of Structural
and Functional Biology of the Universidade Estadual do
Oeste do Parana (UNIOESTE), Cascavel Campus. The
study was previously approved by the Ethics Committee
on Research Involving Animals of the Universidade Es-
tadual do Oeste do Parana.

The experimental model used 20 rats, kept in a 12-
hour light-dark photoperiod, temperature between 22-
24°C and, hygiene control, with ad libitum water and
feed. After acclimatization of one week, the animals
were randomly divided into 4 experimental groups,
with 5 rats in each group: CG (Control), IG (immobi-
lized), IFG (immobilization and free remobilization),
IPG (immobilization and remobilization with vibrato-
ry platform).

Immobilization Protocol

To perform immobilization, the animals were anesthe-
tized (xylazine 15 mg/kg and ketamine 80 mg/kg, intra-
peritoneally) and immobilized with appropriate material
to plaster a body segment, the same: ligature of saturat-
ed tissue with dehydrated calcium sulfate, in the form of
a white powder, characterizing a plastered bandage. The
immobilized experimental groups had the orthosis mold-
ed from the abdominal region, just below the last ribs,
followed to the right pelvic limb, being placed through-
out the extension of the limb so that it remained in exten-
sion of the knee joint as well as complete plantar flexion
of the ankle, that is, in position of stretching of the exten-
sor long muscle of the fingers. The animals were kept in
this position for a period of 15 consecutive days.'

Remobilization protocol

Animals of the IFG were freely remobilized in the cage
for 15 days receiving water and feed at will. For the IPG,
remobilization was carried out on the commercial plat-
form, with a frequency of 60 Hz and vibrations with an
amplitude of 2 millimeters. The rats were contained in the
platform by an apparatus, built in MDE in white color,
with a total area of 25.4 cm? subdivided into eight stalls
with an area of 2.4 cm? and 26.5 cm in height, where each
application was done a caster, so that the same rat did not
always remain in the same stall. It was performed for 10
minutes, three days interspersed per week, with rest of
two days at the end of the week, for 2 weeks.

Histological processing

As soon as the immobilization was removed, the ani-
mals of the IG and the other groups, after two weeks of
remobilization, were weighed, anesthetized, euthanized
in the guillotine and the EDL were collected for histo-
logical analysis.
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The muscles were dissected and fixed in 7% formal-
dehyde, stored in 70% alcohol and followed the routine
histological procedure for paraffin emblocation. Cross
sections of 7 um thickness were obtained in microtome
and the slides were stained with hematoxylin and eosin for
general morphological analysis of muscle tissue, and the
results were expressed in morphological plates. The slides
were analyzed using a light microscope, in which the mor-
phometric characteristics of the muscle tissue were evalu-
ated (area, largest diameter, smallest diameter (100 fibers
analyzed per muscle), number of fibers, nuclei and core
ratio per fiber of the EDL muscle (10 observation fields
per muscle, each field had an area of 3743 pm?)).

Statistical analysis

The data analysis was performed with the SPSS 20.0 soft-
ware, by means of Generalized Linear Model (GLM),
and a gamma model was adopted for the variables area,
largest and smallest diameters, number of nuclei and fi-
ber/core ratio; for the number of fibers the model was
linear. The Sidak post-hoc was used, and in all cases the
accepted level of significance was 5%. Cohen’s effect size
was evaluated, considering variations of <0.2 trivial; 0.2-
0.5 small; 0.5-0.8 moderate; > 0.8 large.

Results

Morphological Analysis

CG EDL muscles presented muscle fibers in polygonal
format, peripheral nuclei and normal fascicular pattern
(Fig. 1A). In the animals submitted to the immobiliza-
tion period (IG), it was verified a disarray in the tissue
organization, with apparent signs of atrophy, some fi-
bers with rounded appearance and increase in fiber den-
sity per area analyzed after 15 days of immobilization in
elongated muscle position (Fig. 1B).

Free remobilization (IFG) for 15 days restored the mor-
phological characteristics, presenting polygonal fibers
and peripheral nuclei (Fig. 1C). In the remobilized
group with vibratory platform (IPG), fibers with nu-
clei were observed in the central region and some fibers
with rounded appearance, but with a density closer to
CG (Fig. 1D).

Morphometric Analysis

The area, larger diameter, smaller diameter and fiber
density of the EDL muscle of IG presented significant
difference when opposed to CG, IFG and IPG. The EDL
muscle nuclei density of IG presented a significant in-
crease when compared to the others, and IPG also pre-

Fig. 1. Photomicrographs of the extensor long muscle of the fingers of Wistar rats, cross-section; hematoxylin and eosin
staining. (A), control group (CG), presenting muscle fibers with polygonal shape, nuclei in peripheral position (*). (B),
immobilized group (Gl), presenting atrophic fibers (#). (C), free remobilization group (GIL) and (D), vibratory platform
remobilization group (GIP), fibers with size similar to the control group (*), and central nucleus (~) in GIP (D).
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Table 1. Analysis of Morphometric Characteristics. The data are expressed as mean + standard deviation, below are indicated
the Effect Sizes when comparing with the CG. Similar letters indicate no significant differences (p<0.05). CG (control), IG
(immobilization), IFG (free remobilization), IPG (remobilization by vibratory platform)

CG IG IFG IPG

Fiber area 58.23 +5.71° 41.55 +2.28° 54.47 +12.58° 57.18 + 5.64°
3.84 0.38 -0.19

Larger diameter 20.54 £ 2.36° 14.67 +0.78° 20.87 £4.72° 20.07 £ 1.96°
334 0.09 -0.22

Smaller diameter 13.43 +1.28° 9.45 £ 0.68° 14.11 £ 2.86° 16.33 + 3.64°
-3.88 0.31 1.06

Fiber number 49.13+11.43° 101.52 + 16.72° 53.18 +16.22° 59.70 + 10.65°
3.66 0.29 0.96

Nuclei number 89.37+£15.19° 175.3 £30.77" 107.76 + 24.13« 128.44 +32.29«
3.54 0.91 1.55
Nuclei/fiber 1.75 £0.09* 1.72+£0.11° 2.19+0.20° 2.1+0.20°

ratio -0.30 2.84 2.26

sented a significant increase when compared to CG. The
fiber nucleus ratio showed a significant increase when
comparing IFG and IPG with CG and IG (Table 1).

Discussion

The area, diameter, and diameter of the EDL muscle of
IG showed a decrease and fiber number showed a sig-
nificant increase when compared to CG, IFG and IPG,
and the largest effect sizes were found in the compari-
sons between CG and IG. Such characteristics pointed
to a picture of muscular atrophy with immobilization
for two weeks. Muscles with a predominantly extensor
function present a high degree of adaptation to atrophic
stimuli, which was evidenced in the present study.”

The nuclei number in IG showed a significant in-
crease when compared to the other groups, however, it
was consistent with the increase in the amount of fibers
observed per area analyzed, since the ratio of nuclei for
fibers had no statistical difference when compared to
the control group, again the effect size was greater be-
tween the control and immobilization groups. Ferreira
et al. stated that muscle atrophy is accompanied by a re-
duction in the average number of myonuclei per fiber
and that apoptosis seems to be underlying this regulated
elimination of myonuclei.” In the present study, there
was no decrease in the nuclei number compared to CG,
but it was lower when compared to IFG and IPG.

It is known that hypertrophy is due to the increase
in the individual size of muscle fibers, due to increased
protein production and the addition of myofilaments,
myofibrils and sarcomeres. This process may result from
the activation and fusion of satellite cells, resulting in the
addition of new myonuclei.** In view of the above, it is
observed that the findings of the present study are con-
sistent with the literature, because in IFG and IPG an in-
crease in the ratio of nuclei per fiber was observed when
compared to IG, which explains the return to baseline
values in relation to the cross-sectional area and fiber

diameters in IFG and IPG, characterizing muscle hyper-
trophy and indicating greater muscle metabolism, also
pointed by the larger size of effect of these compared to
the control.

The present study showed that the fibers of the EDL
of the CG presented as polygonal with peripheral nu-
clei. In IG, degenerative results of immobilization were
observed, such as apparent hypotrophy of the muscle fi-
bers. These findings can be explained by Taillandier et
al. who state that muscle immobilization can compro-
mise the metabolic homeostasis of muscle fibers, be-
sides causing muscle hypotrophy and changes in the
connective tissue of the soleus muscle of rats.”

It has been observed that slow muscle fibers (type
I), predominantly oxidative, seem to be more vulnera-
ble to disuse atrophy when compared to rapid muscle
fibers (type II), due to differences in their metabolis-
mo."?* The EDL is predominantly composed of fast
fibers type II, however, just as the slow fibers are more
vulnerable to immobilization, the muscles with a pre-
dominantly extensor function present a greater de-
gree of adaptation to atrophic stimuli than the flexors,
which was evidenced in the present study by the ap-
parent atrophy and increase in fiber density per region
analyzed in IG.”

Similar findings were observed by Polizello et al.,
who after 14 days of immobilization in position of elon-
gation of the EDL muscle observed atrophy of different
types of muscle fibers, in which they justified such find-
ings due to the fact that immobilization in elongation is
considered a stimulus to longitudinal tension that does
not determine overload in the skeletal muscle, but can in-
duce changes in factors related to myogenic regulation.”

In IFG a reestablishment of the morphological pat-
tern found in the animals of the control group (CG) was
observed after 14 days of re-mobilization of the animal
freely in the cage. Corroborating this study, Polizello et
al. showed that the free movement of the animals after
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10 days was able to restore the values of diameter and
proportion to the values observed in the CG for almost
all types of fibers of the EDL muscle of rats immobilized
for 14 days.” This may have occurred because the dis-
charge of weight in the limbs, exerted by the animal in
the cage, provides the muscle with a mechanical tensile
load, which, in turn, determines trophic tissue adapta-
tions.?

The EDL muscle of the animals treated with vibra-
tory platform presented an apparent return of fiber den-
sity to the CG pattern, and also presented some nuclei
in the central region, which may be indicative of muscle
adaptations. Nuclear centralization suggests that there
was sarcolemmal damage and subsequent architectural
modification of the costamer proteins, which are of fun-
damental importance to stabilize the sarcolemma and
position the nucleus especially for the EDL muscle.”*
These deleterious effects may have occurred owing to
the frequency of vibration used in this study. Studies
that demonstrate increases in muscle strength using vi-
bration training have employed frequencies between 25
Hz and 45 Hz, requiring studies with different frequen-
cies.” In the present study, the frequency of 60 Hz vibra-
tions were used, in which it approaches the limit of the
values proven harmful to the musculoskeletal system.

On the other hand, according to Wiggs, these cells
with central nucleus can be translators of muscle regen-
eration, since physical exercise causes a transient in-
flammatory response, which will have a cytoprotective
influence, essential to cell regeneration, translated by
the increase in satellite cells.*>** Adaptation in the con-
text of skeletal muscle reflects a change in its structure
and function in response to stimuli such as physical ex-
ercise, immobilization and trauma. The ability of the
muscle to respond to these stimuli is based on its re-
generative capacity, due to the presence of undifferen-
tiated myogenic cells, known as satellite cells, which are
activated and proliferate and/or differentiate themselves
through stimulation.*

Exercises on vibration platform have the charac-
teristic of increasing the action of gravitational force
on skeletal tissues, inducing neuromuscular and neu-
roendocrine adaptations, showing the possible activa-
tion of satellite cells, since the tonic vibration reflex is
referred to as the neuromuscular mechanism activated
in response to the effect of vibration, resulting in a sig-
nificant increase in recruitment of motor units.!¢1821313

Since the immobilization and consequent muscular
atrophy cannot be avoided many times, it is essential for
the repair of health and quality of life the recovery of
muscle function. In the present study, both free remobi-
lization and vibratory platform were able to restore the
normal trophic characteristics of the EDL muscle. How-
ever, treatment with the vibratory platform did not pro-
mote improvement in relation to free remobilization,

but also did not cause deleterious effects, so it could be
used in physical rehabilitation programs, for gains in
other structures without muscle damage.

Conclusion

It is concluded that immobilization in an elongated posi-
tion for 15 days affects the morphology and morphome-
try of the muscle tissue of the EDL muscle, and both free
remobilization and vibration platform reestablished the
morphological aspects of the muscle fiber, without sig-
nificant differences between the methods.

Acknowledgments
To the Araucaria Foundation for funding with a scien-
tifc initiation scholarship to IRC — 2018.

References

1. Kunz RI, Coradini JG, Silva LI, et al. Morfologia dos
musculos séleo e tibial anterior de ratos Wistar imobili-
zados e remobilizados em meio aqudtico. Conscientiae Sa-
tide. 2014;13(4):595-602.

2. Lieber RL, Roberts TJ, Blemker SS, Lee SSM, Herzog W.
Skeletal muscle mechanics, energetics and plasticity. J
Neuroeng Rehabil. 2017;14(1):108.

3. Hoppeler H. Molecular networks in skeletal muscle plasti-
city. ] Exp Biol. 2016;219(2):205-213.

4. Kjobsted R, Hingst JR, Fentz J, et al. AMPK in skeletal mu-
scle function and metabolism. FASEB J. 2019;32(4):1741-
1777.

5. Hood DA. Coordination of metabolic plasticity in skeletal
muscle. J Exp Biol. 2006;209(12):2265-2275.

6. Zhang P, Chen X, Fan M. Signaling mechanisms involved
in disuse muscle atrophy. Med Hypotheses. 2007;69(2):310-
321.

7. Devries MC, Phillips SM. Supplemental protein in sup-
port of muscle mass and health: advantage whey. J Food
Sci. 2015;80(S1):A8-A15.

8. Morley JE. Hormones and sarcopenia. Curr Pharm Des.
2017;23(30):4484-4492.

9. Cornachione AS, Cagdo-Benedini LO, Benedini-Elias
PCO, Martinez EZ, Mattiello-Sverzut AC. Effects of 40
min of maintained stretch on the soleus and plantaris mu-
scles of rats applied for different periods of time after hin-
dlimb immobilization. Acta Histochem. 2013;115:505-511.

10. Baroni BM, Galviao AQ, Ritzel CH, Diefenthaeler F, Vaz
MA. Adaptagoes neuromusculares de flexores dorsais e
plantares a duas semanas de imobiliza¢ao apds entorse de
tornozelo. Rev Bras Med do Esporte. 2010;16(5):358-362.

11. Atherton PJ, Greenhaff PL, Phillips SM, Bodine SC,
Adams CM, Lang CH. Control of skeletal muscle atro-
phy in response to disuse: clinical/preclinical contentions
and fallacies of evidence. Am ] Physiol Endocrinol Metab.
2016;311(3):E594-E604.

12. Andrushko JW, Lanovaz JL, Bjorkman KM, Kontulainen
SA, Farthing JP. Unilateral strength training leads to mu-



300

European Journal of Clinical and Experimental Medicine 2019; 17 (4):295-300

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

scle-specific sparing effects during opposite homologous
limb immobilization. ] Appl Physiol. 2018;124(4):866-876.
Gao Y, Arfat Y, Wang H, Goswami N. Muscle atrophy in-
duced by mechanical unloading: mechanisms and poten-
tial countermeasures. Front Physiol. 2018;9:235.

Rocha WA, Gobbi GA, Araujo V de E et al. Alteragoes
morfofuncionais musculares em resposta ao alonga-
mento passivo em modelo animal de imobilizagido pro-
longada de membro posterior. Rev Bras Med do Esporte.
2010;16(6):450-454.

Flieger ], Karachalios T, Khaldi L, Raptou P, Lyritis G.
Mechanical stimulation in the form of vibration prevents
postmenopausal bone loss in ovariectomized rats. Calcif
Tissue Int. 1998;63(6):510-514.

Wollersheim T, Haas K, Wolf S, et al. Whole-body vibra-
tion to prevent intensive care unit-acquired weakness:
safety, feasibility, and metabolic response. Crit Care.
2017;21(1):9.

Fratini A, Bonci T, Bull AM]J. Whole body vibration tre-
atments in postmenopausal women can improve bone
mineral density: Results of a stimulus focussed meta-ana-
lysis. PLoS One. 2016;11(12):e0166774.

Rogan S, Taeymans J, Radlinger L, et al. Effects of whole-
-body vibration on postural control in elderly: An update
of a systematic review and meta-analysis. Arch Gerontol
Geriatr. 2017;73:95-112.

Aoyama A, Yamaoka-Tojo M, Obara S, et al. Acute effects
of whole-body vibration training on endothelial function
and cardiovascular response in elderly patients with car-
diovascular disease. Int Heart J. 2019;60(4):854-861.
Chang S-F, Lin P-C, Yang R-S, Yang R-J. The preliminary
effect of whole-body vibration intervention on improving
the skeletal muscle mass index, physical fitness, and quali-
ty of life among older people with sarcopenia. Geriatrics.
2018;18:17.

Hortobagyi T, Lesinski M, Fernandez-del-Olmo M, Gra-
nacher U. Small and inconsistent effects of whole body vi-
bration on athletic performance: a systematic review and
meta-analysis. Eur ] Appl Physiol. 2015;115(8):1605-1625.
Talmadge RJ, Roy RR, Caiozzo V], Edgerton VR. Mecha-
nical properties of rat soleus after long-term spinal cord
transection. ] Appl Physiol. 2002;93(4):1487-1497.
Ferreira R, Neuparth MJ, Ascensdo A, Magalhées ], Duarte
J, Amado E Atrofia muscular esquelética. Modelos experi-
mentais, manifestagoes teciduais e fisiopatologia. Rev Port
Ciéncias do Desporto. 2004;4(3):94111.

24.

25.

26.

27.

28

29.

30.

31.

32.

33.

34.

35.

Marcotte GR, West DWD, Baar K. The molecular basis for
load-induced skeletal muscle hypertrophy. Calcif Tissue
Int. 2015;96(3):196-210.

Taillandier D, Aurousseau E, Combaret L, Guezennec
C-Y, Attaix D. Regulation of proteolysis during reloading
of the unweighted soleus muscle. Int ] Biochem Cell Biol.
2003;35(5):665-675.

Durigan JLQ, Cancelliero KM, Dias CNK, Silva CA da,
Guirro RR de J, Polacow MLO. Estudo morfométrico do
musculo soleo de ratos submetidos a imobilizagao aguda
associado a estimulacdo elétrica neuromuscular. Fisioter
em Mov. 2006;19(2):117-126.

Polizello JC, Carvalho LC, Freitas FC, Padula N, Mar-
tinez EZ, Mattiello-Sverzut AC. Efeitos morfoldgicos
do retorno da sobrecarga apds imobilizagiao em alonga-
mento de musculo esquelético de ratas. Rev Bras Fisioter.
2011;15(1):73-79.

. Pucciarelli MLR, Mattiello SM, Martinez EZ, Mattiello-

-Sverzut AC. Exercicio excéntrico e alongamento para
musculos flexores plantares aplicados durante 21 dias apds
imobilizacdo ndo modificam o tecido ndo contrétil. Fisio-
ter e Pesqui. 2016;23(2):118-123.

Shah SB, Davis J, Weisleder N, et al. Structural and func-
tional roles of desmin in mouse skeletal muscle during
passive deformation. Biophys J. 2004;86(5):2993-3008.
O'Neill A, Williams MW, Resneck WG, Milner DJ, Cape-
tanaki Y, Bloch RJ. Sarcolemmal organization in skeletal
muscle lacking desmin: evidence for cytokeratins associa-
ted with the membrane skeleton at costameres. Mol Biol
Cell. 2002;13(7):2347-2359.

Zepetnek JOT De, Giangregorio LM, Craven BC. Whole-
-body vibration as potential intervention for people with
low bone mineral density and osteoporosis: A review. J
Rehabil Res Dev. 2009;46(4):529-542.

Wiggs MP. Can endurance exercise preconditioning pre-
vention disuse muscle atrophy? Front Physiol. 2015;6:63.
Qaisar R, Bhaskaran S, Van Remmen H. Muscle fiber type
diversification during exercise and regeneration. Free Ra-
dic Biol Med. 2016;98:56-67.

Otto A, Collins-Hooper H, Patel K. The origin, molecular
regulation and therapeutic potential of myogenic stem cell
populations. ] Anat. 2009;215(5):477-497.

Cardinale M, Bosco C. The use of vibration as an exercise
intervention. Exerc Sport Sci Rev. 2003;31(1):3-7.



	_Hlk16491950
	_Hlk17124387
	_Hlk523001901
	_Hlk16509533

