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ABSTRACT

The neuromuscular electric stimulation (NMES) is an important
tool used in sports medicine to accelerate the recovery process.
The objective of this study was to analyze the effects of NMES
during immobilization of the gastrocnemius muscle, in lengthened
(LP) and shortened positions (SP). Sixty young female Wistar rats
were distributed into six groups and followed for 7 days: control
(C); electric stimulation (ES); immobilized in shortening (ISP); im-
mobilized in lengthening (ILP); immobilized in shortening and elec-
tric stimulation (ISP + ES) and immobilized in lengthening and elec-
tric stimulation (ILP + ES). For the immobilization, a tubular mesh
and cotton rolls together with the plaster were wrapped around
the rat’s right posterior paw. NMES in a frequency of 50 Hz was
used 10 minutes a day, totaling 20 contractions in each session.
After 7 days the animals were sacrificed and their gastrocnemius
muscles of the right paw were submitted to a mechanical test of
traction in a universal test machine (EMIC®). From the load versus
elongation curves the following mechanical properties were ob-
tained: elongation in the yield limit (EPL), load in the yield limit
(LPL) and stiffness. The SP and LP immobilizations promoted sig-
nificant reductions (p < 0.05) in the EPL and LPL properties, being
more remarkable in the ISP group. When the NMES was used,
there was significant increase (p < 0.05) of these properties only in
the ISP group. As for stiffness, significant reduction was observed
(p < 0.05) only of the C group for the ISP group. When the NMES
was used, the stiffness of the ILP + EE group was significantly (p
< 0.05) higher and closer to the C group than of the ISP + EE
group. We conclude that in this experimental model the immobili-
zation of the muscles in the lengthened position delayed the atro-
phy process and the electric stimulation during the immobilization
contributed to the maintenance of the mechanical properties dur-
ing the immobilization period, mainly for the ILP + ES group.

INTRODUCTION

In modern sports medicine, there is a tendency to early immobi-
lize an injured segment with the aim to fast rehab it, although strict
immobilization has already been used as treatment for several in-
juries, either musculo-skeletal or ligamentar. However, it is possi-
ble to observe muscular atrophy even in the first seven days in
which the individuals remain immobilized".
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The intensity in which atrophy occurs is directly influenced by
the position in which the limb is immobilized®. Immobilization of a
muscle in lengthening (LP) delays the atrophy process by disuse;
however, the antagonist muscle, immobilized in shortening (SP),
suffers more rapidly the deleterious effects of immobilization®.

The time in which the individuals remain immobilized as well as
the prevention of the negative effects derived from the immobili-
zation, especially in the sports scenario, has been a crucial factor
for the recovery of athletes. With the fast improvement of rehabil-
itation programs, resources which minimize the deleterious effects
secondary to surgeries as well as immobilization have been
searched. One of the procedures is the use of the neuromuscular
electrical stimulation (NMES) which next to kinesiotheraphy has
been one of the resources most widely used in muscular strength-
ening, as well as in the prevention of atrophy before, during and
after the injury episodes.

Since the Montreal Olympic Games (1976), when Russian phy-
sician Yakov Kots obtained strength gains of 30 to 40% in elite
athletes, several other studies have suggested NMES, especially
during rehabilitation processes, as in the post-surgery period of
knee surgeries”. The utilization of NMES in a trial to prevent the
deleterious effects of immobilization processes and surgical pro-
cedures, have great applicability, since it reduces the rehabilitation
time as well as promotes the return of the individuals to their usual
activities in a shorter time.

Considering the lack of research concerning the application of
the electric stimulation as prevention of muscular atrophy, the aim
of the present study was to analyze the effects of the neuromus-
cular electric stimulation (NMES) during the immobilization of the
gastrocnemius muscle of rats, in lengthening (LP) and shortening
positions (SP).

METHODS

Animals

Sixty Wistar, Rattus norvegicus albinus female rats were used
for the development of this study. The animals from the Central
bio cemetery of the City Hall of the Ribeirdo Preto University of
Sdo Paulo Campus (USP) were kept during the experimental pro-
tocols in the bio cemetery of the Bioengineering Laboratory of the
Medicine School of Ribeirdo Preto — USP. The rats were kept in
collective cages with three animals per cage, at controlled room
temperature of 25°C, photo period of 12 h clear/12 h dark, receiv-
ing water and standard food ad libitum. All experiment procedures
were previously approved by the Commission of Ethics of Use in
Animals (CEUA) of the Ribeirdo Preto Campus — USP, which follow
the International Guiding Principles for Biomedical Research Involv-
ing Animals, according to protocol # 04.1.891.53.9.
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Experimental groups

The animals were randomly distributed in the following experi-
mental groups:

Group (1) — Control (C): composed of 10 animals kept in stan-
dard cages for seven days.

Group (2) — Electro stimulated (ES): composed of 10 animals
which had the right gastrocnemius muscle submitted to electric
stimulation for seven days.

Group (3) — Immobilized-SP (ISP): composed of 10 animals which
had the right posterior limb (pelvis, hip and knee) immobilized in
extension and the ankle in plantar flexion, which kept the gastroc-
nemius muscle in shortening for seven days.

Group (4) — Immobilized-LP (ILP): composed of 10 animals which
had the right posterior limb (pelvis, hip and knee) immobilized in
extension and the ankle in dorsal flexion, which kept the gastroc-
nemius muscle in elongation position during seven days.

Group (5) — Immobilized-SP/Electro stimulated (ISP + ES): com-
posed of 10 animals immobilized according to model used in group
3. However, they were submitted to the electric stimulation proto-
col during the seven days in which they were kept immobilized.

Group (6) — Immobilized-SP/Electro stimulated (ILP + ES): com-
posed of 10 animals immobilized according to model used in group
4. However, they were submitted to the electric stimulation proto-
col during the seven days in which they were kept immobilized.

Immobilization technique

Prior to the casting apparel manufacturing, the animals were
anesthetized with association of ketamine hydrochloride (80 mg/
Kg) and xylazine hydrochloride (15 mg/Kg), in the dose of 0,6 ml of
the solution for each 100 grams of body weight.

The right posterior limb, from the hip to the ankle, was initially
wrapped in a tubular mesh together with cotton plasters in order
to avoid ischemia in the limb and prevent the formation of pres-
sure ulcers. For the immobilization, fast-drying plaster cast with
approximately three centimeters wide was used.

Prior to the complete cast drying of groups 5 and 6, an opening
of approximately one centimeter of diameter was made on the
region of the motor point of the gastrocnemius.

The immobilization model used in this study was based on the
one proposed by Booth and Kelso®, with adaptation for one limb
only.

Electric stimulation

An equipment of electric stimulation by BIOSET®, model Phys-
iotonus Four, with generator units of low frequency, double phased
(depolarized) and pulsing of short duration, applied under controlled
frequency was used.

Stimulation electrodes

In order to stimulate the gastrocnemius muscle of groups 2, 5
and 6 the manufacturing of two electrodes was necessary. A dis-
perse electrode with 6 cm? area which connects to the lumbar
region and another one active, pen-shaped with 0,5 cm diameter
which connects on the motor point of the right gastrocnemius
muscle through the opening manufactured on the cast.

Stimulation protocol

The muscles were submitted to electric stimulation with 50 Hz
frequency, with 8-second contraction and 22-second rest. There
were 20 muscular contractions electrically-induced in each daily
session of 10 minutes during seven consecutive days.

In order to allow better contact between the skin and the elec-
trodes, protect the animal from a possible burn, as well as facili-
tate the electric current conduction, a gel coating was applied be-
tween the electrodes and the contact regions.

In groups 5 and 6, the electric stimulation was performed after
two hours of the cast apparels manufacturing.
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Preparation of the gastrocnemius muscle

After the experimental protocols ending, the animals were sub-
mitted to euthanasia by intraperitoneal administration of excessive
dose of sodium thiopental, in order to have their gastrocnemius
dissected and submitted to the traction mechanical essay.

The gastrocnemius was removed from the right posterior limb
of each animal by skin and some other soft parts removal, followed
by the disarticulation of the ankle and hip. Extra caution was kept
in order to keep the muscle integrity, preserving its origin in the
distal third of the femur and insertion on the calcaneus. The bone
origin and insertion were kept to facilitate the fixation of the piece
to the essay machine.

After dissection, the pieces were immersed in a Ringer lactate
solution during 30 minutes in room temperature until the essays
performance.

Traction mechanical essay

The universal essay machine (EMIC® brand name, model
DL10000) of the Bioengineering Laboratory of the Medicine School
of Ribeirdo Preto — USP, equipped with load cell of 50 kgf was used
for the traction essay of the gastrocnemius muscle.

The machine used has interface direct to a microcomputer with
Tesc® software capable to generate a load versus lengthening graph
for each essay (figure 1).

Two accessories were manufactured for the fixation of the piece
to be tested; being one for the fixation of the femur and the other
for fixation of the calcaneus, keeping the knee and the ankle in a
90° angle (figure 2). At the time of the essay, the muscle was con-
nected to the machine, and according methodology established by
the laboratory, a pre-load of 200 g was given during an accommo-
dation time of 30 seconds, with the aim to promote accommoda-
tion to the system.

After the pre-load, the essay continued for an average of 8 min-
utes with pre-established velocity for a 10 mm/minute essay. The
load applied was registered by the software in regular lengthening
intervals until the rupture moment of the muscle.

From the load versus lengthening graphs of each essay, the fol-
lowing mechanical properties were obtained and analyzed:

— elongation in the yield period (EPL): it is the lengthening value
of the initial point (O) until the representation point of the maximal
elastic lengthening (OB in figure 1). It is represented in meters
(x10°m).
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Figure 1 - Standard graph of load versus lengthening
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Figure 2 - Setting for the performance of the traction essay on the essay
universal machine. Muscle (A), accessories for muscle fixation (B).

— load in the yield period (LPL): it is the maximal load value reg-
istered in the elastic phase (OC in figure 1). It is represented in
Newtons (N).

— stiffness: it corresponds to the angle tangent (). It is repre-
sented in Newtons/meter (N/m).

Statistical analysis

The statistical analysis was performed through the BioEstat®
program v. 2.0. The Kolmogorov Smirnov normality test was per-
formed. For simultaneous analysis of the groups the ANOVA test
was used and for comparison between groups the Turkey-Kramer
test was used, both with pre-established significance levels of 5%.

RESULTS

Sixty muscles were essayed, being the values expressed in
means and standard deviations for each of the properties of the
six analyzed groups.

Elongation in the yield period (EPL)

The means and standard deviations concerning the EPL of the
six groups are presented in figure 3.

EPL (x103 m)

Control ES ISP + ES ILP + ES

ISP ILP

* p < 0,05 emrelacdio ao Controle #& p < 0,05 entre os gupos

Mota: Os resultados estio expressos em valores médios (£ DP).

Figure 3 — Mechanical property of elongation in the yield period of the
Control; Electro Stimulated (ES); Immobilized SP, Immobilized LP; Immo-
bilized SP + Electro Stimulated and Immobilized LP + Electro Stimulated
groups.
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Significant difference (p < 0.05) of the Control group was ob-
served for the Immobilized groups, both SP and LP. In the compar-
ison between the Immobilized SP and Immobilized SP + ES groups
significant difference (p < 0.05) was also observed, which did not
occur in the comparison between the Immobilized LP and Immobi-
lized LP + ES groups (p > 0.05).

Significant difference (p < 0.05) was observed between the Im-
mobilized SP + ES and Immobilized LP + ES groups. Conversely,
between the Immobilized SP + ES and the Control group this dif-
ference was not observed (p > 0.05).

Load in the yield period (LPL)

The means and standard deviations concerning the LPL of the
six groups are presented in figure 4.

Control ES ISP ILP ISP + ES

ILP + ES

*p<0,05 emrelagio ao Controle # p < 0,05 entre os grupos

Nota: Os resultados estdo expressos em valores médios (+ DP)

Figure 4 — Mechanical property of the load in the yield period of the Con-
trol; Electro Stimulated (ES); Immobilized SP; Immobilized LP; Immobilized
SP+ Electro Stimulated and Immobilized LP + Electro Stimulated groups.

Significant difference (p < 0.05) of the Control and ES groups for
the Immobilized groups, both SP and LP, was observed. In the com-
parison between the Immobilized SP and Immobilized SP + ES
groups significant difference (p < 0.05) was also observed, which
did not occur in the comparison between the Immobilized LP and
Immobilized LP + ES groups (p > 0.05).

It was not observed significant difference between the Immobi-
lized SP + Electro Stimulated and Immobilized LP + Electro Stimu-
lated groups (p > 0.05).

Stiffness (S)

The means and standard deviations concerning stiffness of the
six groups are presented in figure 5.

Stiffness (x103N/m)

ILP ISP + ES ILP + ES

* p <0,05 emrelagdo ao Controle #p <005 entre os grupos

Nota: Os resultados estdo expressos em valores médios (£ DP).

Figure 5 — Mechanical property of stiffness of the Control; Electro Stimu-
lated (ES); Immobilized SP; Immobilized LP; Immobilized SP + Electro Stim-
ulated and Immobilized LP + Electro Stimulated.
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Significant difference (p < 0.05) of Control group for the ES and
Immobilized SP groups (p < 0.05) was observed. It was not possi-
ble to observe significant difference (p > 0.05) between the Con-
trol and Immobilized LP groups; whereas between the Immobi-
lized SP + Electro Stimulated and Immobilized LP + Electro
Stimulated groups significant difference was observed (p < 0.05).

DISCUSSION

The findings of this study demonstrated that the casting immo-
bilization of the gastrocnemius muscle for a period of seven days
promoted significant biomechanical reductions, and that the posi-
tion in which it was kept immobilized directly acted in the intensity
of these alterations. In this study, as well as in the one by Jarvinen
et al.®, the gastrocnemius muscles immobilized in shortening (SP)
had greater decrease of the properties than the ones immobilized
in lengthening (LP). Tabary et al.®, on the other hand, did no find
significant differences between the soleus muscles immobilized
in SP and LP in their study.

According to Williams and Goldspink®, the muscles immobi-
lized in LP are constantly submitted to tension, which stimulates
the increase in the number of sarcomeres in series and reduces
the intensity in which the atrophy occurs. As seen in our study, the
immobilization in LP caused milder muscular alterations than in SP.

Conversely, one may identify that the contracted muscle (SP)
presents two basic characteristics: decrease of the sarcomeres in
series and increase in the density of the conjunctive tissue. Thus,
it is possible to understand that the shortened immobilized mus-
cles have lower elasticity""; what is observed in our study. Anoth-
er factor which may have contributed to the reduction of the prop-
erties of the immobilized muscles was the decrease in diameter of
the muscular fibers, already described by Appell2,

Some authors affirm that it is possible to prevent the accumula-
tion of conjunctive tissue!’® as well as atrophy occurrence!™ through
muscular contraction induced by electric stimulation.

Concerning the properties of EPL and LPL, the muscles of the
Immobilized SP + ES group better responded to electric stimula-
tion than the ones of the Immobilized LP + ES group. We believe
that the occurrence of greater loss of properties in the Immobi-
lized SP group than in the Immobilized LP had contributed to it.

In the mechanical property of stiffness, lower mean was found
in the Immobilized LP + ES group than in the Immobilized SP + ES
group. According to Jarvinen et al.®, muscles stiffness is an im-
portant property to be studied, since their reduction indicates that
the muscle is lengthening more in the presence of lower load, which
makes it more susceptible to injury. Thus, it seems suitable to sup-
pose that muscles immobilized in lengthening and electro stimu-
lated are in better conditions, after the cast removal, than those
immobilized in shortening and electro stimulated.

Some limitations as well as observations in the present study
need to be mentioned. The most remarkable difficulty found in the
pilot test was concerning the animals’ immobilization and their time
in a cast. The method of wrapping using a tubular mesh, initially
adopted, did not keep the animal immobilized for longer than two
days. After some changes in the manufacturing methodology, an
immobilization model similar to the one described by Booth and
Kelso® was adopted. Such model is widely accepted by the scien-
tific community; however, instead of the two limbs, only the right
posterior limb was kept in a cast. Moreover, the lack of current
scientific literature concerning the mechanical properties of the
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skeletal muscle and the use of electro stimulation as a tool in the
rehabilitation processes makes the discussion of results difficult.

Several animals have been applied in experimental studies. In
this one, we chose rats, since according to some authors®®, they
present musculo-skeletal structure similar to humans. Nonethe-
less, the results obtained in these studies cannot be totally trans-
ferred to humans; they should instead, guide further research for
future practical application.

Therefore, the results of the present study suggest that immo-
bilization of muscles in lengthening delays the process of atrophy
and that electric stimulation performed during immobilization, con-
tributes to prevention of the mechanical properties during the
immobilization period.
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