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ABSTRACT

Background: Few studies has evaluated possible differences in muscle architecture in
quadriceps femoris constituents when electrodes are positioned directly over vastus lateralis
(VL) and vastus medialis (VM) motor points during a neuromuscular electrical stimulation
(NMES) session. Objectives: To investigate whether there is a difference in the behavior of the
rectus femoris (RF), VL, VM and vastus intermedius (VI) during an evoked contraction with
the electrodes placed over the motor point of the VL and VM. Methods: This is a sub-study of
a larger controlled trial, conducted with young, healthy male subjects who underwent
contractions with NMES on quadriceps femoris muscle. The observed variables were:
pennation angle (6p) and fascicle length (Lr) of VL, VM, VI, RF (at rest and in evoked
contraction) evaluated by ultrassonography, and torque at 40% of maximum voluntary
contraction synchronizing the torque tracing with the ultrasonographic recordings. Results:
There was no difference for 6, comparing four components of quadriceps femoris (F3. 57 =
1.33, p = 0.27, np2: 0.06, power: 0.33). And for L, ANOVA showed a significant interaction
for muscle x contraction (F3. 57 =3.17, p <0.05, np2: 0.14, power: 0.70). The Tukey post-hoc
indicated only interactions not relevant to the study though. Conclusion: There are no acute
differences in the behavior of the components of the quadriceps femoris during stimulation with
the electrodes placed on the motor points of the VL and VM.

Keywords: Neuromuscular electrical stimulation; ultrasonography; muscle architecture;
electrodes placement; quadriceps femoris; isokinetic dynamometer.



RESUMO

Background: Poucos estudos avaliaram as possiveis diferengas na arquitetura muscular dos
componentes do quadriceps femoral quando os eletrodos sdo posicionados diretamente sobre
os pontos motores do vasto lateral (VL) e vasto medial (VM) durante uma sessdo de
eletroestimulacdo neuromuscular (NMES). Objetivos: Investigar se ha diferenga no
comportamento do reto femoral (RF), VL, VM e vasto intermédio (VI) durante contragdes
evocadas com eletrodos posicionados sobre os pontos motores do VL ¢ VM. Métodos: Trata-
se de um estudo secundario de um ensaio clinico com homens jovens e saudaveis que foram
submetidos a contragdes com NMES sobre o quadriceps femoral foi conduzido. As varidveis
observadas foram: angulo de penacao (6,) e comprimento do fasciculo (Lf) do VL, VM, VI, RF
(em repouso e contragdo evocada) avaliadas por ultrassonografia, e torque a 40% da contragao
voluntaria maxima que foi sincronizado com as medidas ultrassonograficas. Resultados: Nao
houve diferenga para o 6, quando comparado os quatro componentes do quadriceps femoral
(F3.57=1.33,p=0.27,mp2: 0.06, power: 0.33). E para o L, a ANOVA mostrou uma intera¢ao
significativa para musculo x contragdo (F3. 57 = 3.17, p < 0.05, np2: 0.14, power: 0.70). O
Tukey post-hoc indicou apenas interagdes ndo relevantes para nosso estudo. Conclusido: Nao
houve diferencgas agudas no comportamento dos componentes do quadriceps femoral durante
eletro estimulacao com os eletrodos colocados sobre os pontos motores do VL e VM.

Palavras-chave: Estimulacdo elétrica neuromuscular; ultrassonografia; arquitetura muscular;
posicionamento de eletrodos; quadriceps femoral; dinamdémetro isocinético.
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1- INTRODUCTION

Neuromuscular electrical stimulation (NMES) is a tool used in clinical practice
to promote the activation of peripheral motor nerves to produce skeletal muscle
contraction. NMES is used to rehabilitate immobilized patients to preserve muscle mass
and function, even in Anterior Cruciate Ligament (ACL) reconstruction to restore muscle
strength.!> However, NMES can promote visible contractions, the nature of the evoked
contraction differs from the voluntary contraction.’> The evoked contraction occurred by
synchronous recruitment of the muscle fibers, while the voluntary contraction has
asynchronous recruitment. In addition, the evoked contraction seems to recruit fast fibers
regarding slow muscle fibers.*® Thus, it has raised interest in knowing the extent of these
differences to the muscle architecture because this information can guide the prescription

of NMES to specific muscle adaptations.’

Muscle architecture is one of the main factors that influence the force generation
capacity®1? because it provides biomechanical characteristics that are specific to a muscle
and determines its function.®!! The main variables of the muscle architecture are the
fascicle length (Lf), and the pennation angle (6,), which are expected to, respectively,
reduce and increase during an isometric contraction.®!>!3 Ultrasonography is a resource
that can assist in real-time visualization of muscle architecture by observing fascicular
movement and deep aponeurosis in vivo, which allows measuring changes in 0, and L¢
during skeletal muscle contraction.® Ultrasound was previously used to measure muscle
thickness, Lt, and 6, in multiple regions of the four quadriceps muscles in rest to describe
the complex architecture of this muscle group.!* Despite that, muscle architecture has

been little explored during NMES.



NMES evokes muscle contraction of motor axons through electrodes placed
over a muscle or nerve. NMES commonly is applied through two electrodes, an “active”
cathode and a “return” anode, placed on the skin over a muscle belly (or muscle group)
to target the motor points.!> On quadriceps muscle, interestingly, the electrodes are
commonly positioned only over the motor points of vastus medialis (VM) and vastus
lateralis (VL) during the NMES session.!¢!8 A systematic review evaluated the gain of
strength and function, utilizing NMES, after ACL reconstruction, and the majority of
studies included have reported the electrode configuration over the vastus.!” Also, Vieira
et al.?’ showed that a larger distance between electrodes in NMES provides a greater
amount of torque because the relative number of motor fibers stimulated are affected by
a larger area of current, which justifies the placement on VL proximal and VM distal.
However, a previous study 2! observed that electrode configuration did not seem to alter
the traditional measurements of quadriceps activation, but positioning on rectus femoris
(RF) presented greater torque concerning the positioning on vastus. The authors admitted
that the exact mechanisms behind this finding are unclear; they speculated that greater
torque production with the rectus configuration might result from greater amounts of
adipose tissue in the areas where the vastus electrodes are positioned than the rectus
electrodes were placed. Therefore, further studies should be done to confirm these results
and justify the placement of electrodes over the RF for greater torque production.
Additionally, Torry et al.?? showed that the vastus is more affected in a situation of
arthrogenic inhibition, justifying the use of NMES on these muscles in a more common

way in clinical practice.

As far as we know, the muscular architecture of the quadriceps femoris is little
explored during NMES sessions, and the behavior of its components (RF, VL, VM and

VI) is a lack to be studied by comparing the possible placement of the electrodes. The



purpose of this study was to investigate whether there is a difference in the behavior of
the RF, VL, VM, and vastus intermedius (VI) during an evoked contraction with the
electrodes placed over the motor point of the VL and VM. Once the muscle length was
standardized for isometric contractions, we hypothesized that any difference in the degree
of increase in 0, as well reduction in L, would be greater in the VL and VM constituent
due to a direct electrode position during an evoked contraction. This knowledge may help
physical therapists to establish a methodologic impact for future studies that might lead
to a better understanding of evoked torque related to the positions of the electrodes for

potential clinical NMES quadriceps activation.

2- MATERIAL AND METHODS

2.1- Participants

Twenty men with no known neuromuscular disorders and not engaged in
systematic lower limb strengthening or sports competitions in the previous six months,
physically active according to International Physical Activity Questionnaire (IPAQ) and
with a minimum torque range of 40% of the maximum voluntary isometric contraction
during NMES participated in the study. Sample size (n = 20) was determined a priori
using G* POWER (v 3.13; University of Trier, Germany). The level of significance was
set at p = 0.05, a power (1- ) = 0.80, and an effect size = 0.75. Subjects were informed
about the purposes, benefits, and risks before enrollment, and all agreed to participate and
signed the consent form. Approval was obtained (protocol number
94388718.8.0000.8093) from the Research Ethics Committee of the University of

Brasilia/Faculty of Ceilandia following the Helsinki Declaration of 1975.

2.2- Experimental design



This is a sub-study of a cross-over larger trial dealing with muscle-tendon
behavior at hip and knee angles during maximum evoked and voluntary contractions. The
full protocol can be assessed with the ClinicalTrials.gov (Identifier: NCT03822221). The
volunteers were instructed not to participate in exhaustive activities 48 hours before the
tests, sleep, and eat properly. The procedures took place in two visits, separated by a
period of seven days. In the first visit, the volunteers were familiarized with the research
procedures to reduce performance variability. In this visit, characterization variables were
also obtained: height, weight, and the IPAQ, the passive measures of 6, and Lt with
ultrasound, as well as the motor point localization on the VL and VM, using a pen
electrode, as described by Botter et al.?®> The location of each motor point was recorded
as the distance from the patellar base and the thigh midline to be reproduced in the
following sessions. Subsequently, two maximum voluntary contractions (MVC) and two
maximum evoked isometric contractions (MEIC) were performed to verify if participants
tolerated a current amplitude enough to generate an MEIC > 40% of the MVC and to
familiarize the participant with the dynamometer and verify responsiveness and comfort

during NMES.

The second visit was the experimental session, with a minimum of seven days
rest after the familiarization. Before the beginning of this session, a warm-up of 6
submaximal isometric contractions of 5 seconds and a 10-second rest interval between
them (three to 50%, two to 75%, and one to 90% of the maximum effort perception) and
another two maximal voluntary contractions with two minutes rest between them was
conducted. All participants were submitted to eight MEIC at a rate of 1 per minute, which
was the number of contractions required to assess all quadriceps constituents (two
contractions for each one). The variables observed were 6, and Lt at rest and evoked

contraction at 40% of MVC.



2.3- Analysis at 40% of maximum voluntary contraction

To synchronize the torque tracing with the ultrasonographic recordings, we used
a data acquisition device, New Miotool (Miotec Biomedical Equipment Ltd., POA,
Brazil®) collected with a sampling rate of 2000 Hz per channel, A/D converter of 14 bits,
common rejection mode of 110 dB (at 60 Hz). For this, the data acquisition device was
connected to the computerized dynamometer, and a high-definition camera was
positioned to capture the ultrasound display. When the assessor started recording cine-
loop ultrasound images prior to contraction, a visual indicator appeared on the ultrasound
screen, which enabled the synchronization of all data on a torque-time recording
generated by the device.?* In this torque-time screen, it was possible to move a cursor to
the point where the torque was 40% of the MVC. In the time displayed, as well as in rest,
we obtained a print image from the ultrasonographic video files using the Tracker 4.87
software for the calculation of 8, and L¢ using the ImageJ software (v. 1.46; National
Institutes of Health, Bethesda, Maryland).

2.4- Torque

The Biodex System 4 ™ isokinetic dynamometer (Biodex Medical Systems, Inc,
Shirley, New York) assessed the torque during voluntary contraction and NMES. The
individuals were positioned on the isokinetic dynamometer chair with the hip flexed at
85° of flexion and the knee at 60° of flexion. The equipment axis was aligned with the
anatomical axis of the knee and the lever arm with a force transducer, which was firmly
fixed 2-3 cm above lateral malleolus with a strap. Each subject was firmly stabilized on
the test chair with two belts crossing the chest and one crossing the pelvic girdle to
minimize any unwanted body movement during strength production. The resting torque
was used for subsequent gravity correction due to the limb weight and forces from the

passive tension of structures crossing the knee.?> The number of contractions



corresponded to the number of ultrasound assessments: four muscles (VL, VM, VI, and
RF), with two measurements for each = eight evoked contractions, which were separated

by one minute of rest.
2.5- NMES

The Neurodyn 2.0 electrical stimulation unit (Ibramed, SP, Brazil) was
connected to two isolated cables. All physical parameters of the stimulator were verified
using a digital oscilloscope (DS1050E, Rigol, Ohio, USA). The self-adhesive electrodes
of 25 cm? were placed on the motor point of VL and VM. A pulsed current was applied,
with a frequency of 100 Hz, pulse duration 400 ps, rise time of three seconds, ON time
of four seconds, the decay time of three seconds, and OFF time of two minutes. The
specifications of the ON time were designed to mimic a ramp contraction and allow the
quadriceps unit assessment with ultrasound imaging as recommended in voluntary
contractions.?¢ To achieve the evoked contraction, subjects were instructed to fully relax
during NMES. The current amplitude was gradually increased. Participants reported their
discomfort after each evoked contraction using a 0—10 numeric scale, where 0 represented
no discomfort and 10 represented the maximum discomfort they could support.
According to a previous study, participants were informed that a report of 8 out of 10 of
perceived discomfort should correspond to the maximum tolerated current amplitude they
were willing to tolerate.?” After achieving the maximum tolerated current amplitude, eight
evoked contractions were obtained to allow all ultrasonographic recordings. In the
primary study,!! the range of electrical intensity tolerated by all volunteers corresponded

to a torque generation at 40% of the MVC.

2.6- Ultrasonography



0, and Ly were obtained using a portable ultrasound device (M-Turbo®,
Sonosite, Bothwell, WA, USA) in B mode with a 7.5 MHz linear transducer. Depth (6
cm, programmed in the device), compression, and stabilization of the transducer were
kept constant between evaluations (by means of an apparatus made with styrofoam and
velcro). Two videos were obtained for each quadriceps component. The transducer was
positioned in the longitudinal plane of muscle, keeping it parallel with the direction of
muscle fascicles. Proper transducer alignment was achieved when several fascicles were
tracked without interruption. The lateral compartment of bipennate RF, VL, and VM were
evaluated, respectively, in the percentages 50%, 60%, and 75% of the distance between
the medial aspect of anterosuperior iliac spine and upper edge of patella, starting from
proximal to distal, as adapted from Blazevich, Gill, and Zhou.!* For the VI, although it
could be seen on the same window of the RF or VL * VI visualization was often partially
lost during contraction. Thus, it was recorded more distally in the anterior aspect of the
thigh. The RF also was seen in the anterior aspect of the thigh. The VL was viewed by
sliding the transducer in a lateral direction, five cm from the midline, and VM was
considered with the transducer at three cm in the medial direction of the thigh. Video files
recorded during the contractions evoked were transferred to a computer for processing in
public domain software (ImageJ software v. 1.46; National Institutes of Health, Bethesda,
Maryland). The 6, was calculated considering the angle between deep aponeurosis and
fascicles. The Lf was directly measured whenever possible, or in cases where the fascicles
extended beyond the visible field of view, linear extrapolation was applied.?® The figure
1 shows an example of measurement at rest and during evoked contraction of muscle

architecture.



Figure 1 - Muscle ultrasonography: An ultrasound analysis of the vastus lateralis at rest
(A) and during NMES-evoked contraction (B). (a) deep aponeurosis; (b) superficial
aponeurosis; (¢) muscle thickness; (d) fascicle with extrapolation or not; (e) pennation
angle; (f) distance between end of fascicle visualization and superficial aponeurosis; (g)
lines indicating the cross point between fascicle and deep aponeurosis; (h) tendon-
aponeurosis complex displacement. Legend: NMES: neuromuscular electrical
stimulation.

2.7- Statistical Analysis

Values of 0, and Ly, are reported as mean + standard deviation (SD). For 6, and
Ly, analyses were performed with the rest and contracting values (starting from rest up to
40% of the maximum voluntary torque). A two-way ANOVA was performed to verify
the interaction between “muscle” (RF, VL, VM, and VI), and “contraction” (rest and
evoked contraction at 40% of MVC) for the 6, and L;. And one-way ANOVA was
fulfilled to verify the interaction between “muscle” during evoked contraction at 40% of
MVC for the 6, and L. When a significant difference was detected, the Tukey post-hoc

test was applied to identify differences. The effect sizes and statistical power were



calculated. The effect size was determined using the partial square eta (np2): small (np2
=0.01), medium (np2 = 0.06) and large (np2 = 0.14). The significance threshold was set
at P <0.05 for all procedures. All analyzes were performed using Statistica 23.0 (StatSoft
Inc., Tulsa, Oklahoma, USA), and Graphpad Prism 8.3.0 software (San Diego, CA, USA)

was used for graphic design.

3- RESULTS

Twenty men (mean + SD age: 24.0 + 4.6 years, body mass: 77.0 + 9.3 kg, height:
177.6 £ 6.3 cm) participated of the study. The mean torque observed was 201.14 + 50.22
N.m during MVC, and torque at 40% of MVC was 80.45 £+ 20.08 N.m, as shown in table

1.



Table 1. MVC torque 40% and 100%

Participants

10
11
12
13
14
15
16
17
18
19
20
Mean

SD

40% Torque MVC
111,19
76,40
89,78
62,99
104,21
66,93
72,46
78,02
75,06
99,45
89,50
64,96
60,56
117,78
67,25
49,95
64,01
75,52
117,52
65,53
80,45

20,08

100% Torque MVC

277,98

191
224,45
157,48
260,53
167,34
181,15
195,07
187,65
248,64
223,76
162,40
151,40
294,45
168,13
124,89
160,04
188,80
293,82
163,83
201,14

50,22

Values expressed in absolute form. Legend: MVC: maximum voluntary

contraction.

Figure 2 shows the mean and SD of 8, and L.
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Figure 2 - Changes in pennation angle and fascicle length of components of
quadriceps femoris during neuromuscular electrical stimulation at 40% of the
maximum voluntary torque: fascicle length (right y-axis) and pennation angle (left y-
axis) of all constituents of the quadriceps femoris individually (x-axis) at rest (continuous
line) and during NMES (dotted line). Data are presented as mean + SD. Legend: NMES:
neuromuscular electrical stimulation; RF: rectus femoris; VL: vastus lateralis; VM:
vastus medialis; VI: vastus intermedius.

Table 2 shows the changes in 0, and Lrof four quadriceps femoris' components

(RF, VL, VM, and VI) during evoked contraction.
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Table 2. Fascicle length and pennation angle of the rectus femoris, vastus lateralis, vastus medialis and vastus
intermedius at rest and during neuromuscular electrical stimulation at 40% of maximum voluntary contraction.

Rest NMES

Rectus femoris

Op 13.74 £2.57 16.00 = 4.68
(17.36 + 30.76%)

L¢ 11.25+2.49 11.21+2.47

(2.54 +£26.28%)

Vastus lateralis

Op 11.42+1.91 14.64 £3.26
(31.11 £ 32.92%)

L¢ 12.95+2.81 11.20+£2.23
(-11.09 £ 20.69%)

Vastus medialis

Op 11.87+2.21 15.20+£4.10
(35.69 + 42.09%)

L¢ 12.61 £3.18 10.58+2.46
(-12.87 £ 24.76%)

Vastus intermedius

Op 13.52+£2.49 15.12+3.25
(13.35 £23.52%)

L¢ 10.87 £2.20 11.03+£2.68

(3.23 +£25.57%)

Values expressed as mean = SD. Legend: 6,: pennation angle; L¢: fascicle length; NMES: neuromuscular

electrical stimulation.

There was no interaction for muscle x contraction for 8, (F3. 57 =1.33,p=0.27,

np2: 0.06, power: 0.33). However, in a secondary analysis, we observed at ANOVA one-

way a significant interaction for contraction showing an increase of 0, (F1.19 =26.42, p

< 0,05, np2: 0.58, power: 0.99) for each quadriceps components. Analyzing L ANOVA
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two-way showed interaction for muscle x contraction (F3. 57 =3.17, p <0.05, np2: 0.14,

power: 0.70). The Tukey post-hoc indicated only interactions not relevant to the study.

4- DISCUSSION

The objective of this study was to investigate whether during an NMES session
the placement of the electrodes over the motor point of the VL and VM produce a
different alteration in the muscle architecture in the behavior of quadriceps components,
because it is the major positioning used in literature, although there is another possible
configuration with the electrodes positioned over the RF.

NMES capacity to increase muscle strength is already a consensus in the
literature. Kern et al.?” found that after a two-year training with NMES in the lower limb
of individuals with a complete lesion of the lower motor neuron, the quadriceps femoris
had a 35% increase in its cross-sectional area, in addition to an increase of 1187% in the
production of strength, which allowed patients to perform standing exercises assisted by
electrostimulation. And one of the main factors that influence the force generation
capacity is the muscle architecture,3' because it provides biomechanical characteristics
that are specific to a muscle and determines its function.

Muscle architecture has been defined as “the organization of muscle fibers
within a muscle concerning the axis of force generation”. It is also one of the main
manners of measuring muscle function.®*® One device commonly used to predict the
capacity of a muscle to generate force is surface electromyography by motor unit
activation.’! However, the artifacts produced by the external electrical current are a
common limitation to the interpretation of the electromyographic analysis. Thus,
ultrasonography seems a feasible tool to obtain measures of muscle force production, as

previous studies have postulated that, for isometric contractions of the same intensity for
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a given joint angle, differences in the amount of changes on 0p or Lf reflect differences
in the contribution of that muscle for the observed torque.?%32

Blazevich et al.,'* used ultrasonography to observe quadriceps femoris muscle
architecture in vivo, but did not evaluate at contraction, only at rest. As, the study by
Carbonaro et al.®* related ultrasound and NMES to assess the architecture of the
superficial and deep compartment of the anterior tibialis, suggesting that electrical
stimulation through the muscle belly using surface electrodes recruits more superficial
motor units. Another study correlated these two tools,** but ultrasound was used only at
rest as a way to assess hypertrophy gains after training with NMES of four and eight
weeks. Therefore, there is a lack of studies evaluating muscle architecture variables
during an NMES session of quadriceps femoris.

The amplitude of the current is the only way to increase the generation of torque
produced by the evoked contraction, from the moment the frequency and pulse width are
defined.*> However, the current amplitude is directly related to the discomfort perceived
by the subjects. When the current intensity is increased, both the motor fibers and the
nociceptive sensory fibers are stimulated, which can lead to a sensation of pain and
burning. Therefore, if an increase in the generation of evoked torque is desired, the
therapist can be limited to increasing, because along with this, the discomfort also
increases.!® Due to this, using efficient currents is a way to overcome the perceived
discomfort.

Previous studies have already reported that an NMES training intensity of 40%
MVC is capable of improving MVC strength.>-3¢ Besides Pinto et al.’” demonstrated when
the discomfort perceived is reported at as 6 in the Visual Analog Scale, the torque evoked
corresponds to 40% of MVC. Therefore, a NMES session using a moderate current

amplitude is an efficient way to introduce this resource in a rehabilitation protocol.
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Our main finding was no difference in muscle architecture of the components of
quadriceps femoris promoted by electrostimulation at 40% of MVC with the electrodes
positioned over the motor point of VL and VM, which is clinically important once it was
already reported in the literature that an NMES training intensity of 40% MVC is capable
of improving MVC strength.’3¢ It indicates that independently of the electrodes
placement, NMES can produce significant gains on quadriceps femoris strength.

Some limitations of the study should be mentioned: the exact observation of Lt's
start and end point during evoked contraction may have varied because NMES promoted
a sudden muscle contraction, and the transducer was held by the examiner, making it
challenging to acquire an accurate image. In addition, our ultrasound had a probe width
of 40 mm, which limited the visualization of all muscle fascicles. Finally, our results are

limited to our population and a single NMES session.

5- CONCLUSION

There is no difference in the behavior of the components of the quadriceps
femoris during stimulation with the electrodes placed on the motor points of the VL and
VM, even as there were no acute changes in the quadriceps muscle architecture, which
suggests that NMES can be used with this configuration of electrodes because all the
quadriceps muscles undergo similar acute changes. Besides, more studies are necessary
to analyze chronic changes in architecture in long-term training to confirm the findings

of this study.
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8- APPENDICES

8.1- Research ethics committee approval

UNB - FACULDADE DE
CEILANDIA DA UNIVERSIDADE W
DE BRASILIA

PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Efeitos agudos da estimulacéio elétrica neuromuscular em diferentes dngulos do quadril
e do joelho nas adaptagdes neuromiotendineas e no torque extensor do joelho em
adultos jovens saudaveis

Pesquisador: Jonathan Galvao Tenério Cavalcante

Area Tematica:

Versdo: 1

CAAE: 94388718.8.0000.8093

Instituicdo Proponente: Universidade de Brasilia Faculdade de Ceildndia
Patrocinador Principal: Financiamento Préprio

DADOS DO PARECER

Namero do Parecer: 2.799.049

Apresentacdo do Projeto:

Trata-se de um projeto mestrado do Programa de Pés Graduacdc em Ciéncias da Reabilitagdo, da
Faculdade de Ceilandia ~ Universidade de Brasilia, do mestrando Jonathan Galvao Tenério Cavalcante, e
demais pesquisadores envolvidos: Karenina Arrais Guida Modesto, Rita de Cassia Marqueti Durigan,
Nicolas Babault e Jodio Luiz Quagliotti Durigan (orientador). Tem como Area de Estudo (Grandes Areas do
Conhecimento (CNPq): Grande Area 4. Ciéncias da Salide e o Propésito Principal do Estudo (OMS): Clinico.
O pesquisador deixa claro quais sdo os problemas ou Condi¢des de salde (Plasticidade musculotendinea,
Forga muscular, Relagdo comprimento-tensao, Atividade elétrica muscular) vinculando ao CID: M62.9 -
Transtorno muscular ndo especificado e, M62 - Oulros transtornos musculares.

Os pesquisadores informam que:

“Trata-se de um estudo observacional de delineamento transversal. As varidveis independentes sao: 1) o
posicionamento do membro inferior: angulacgao da articulagao do joelho em 20° ou 60° com o quadril em 0°
ou 80° (respectivamente, individuos deitados ou sentados com leve reclinagéo); 2) a estimulacao elétrica
neuromuscular para obtenc¢io do torque evocado. As variaveis dependentes serdo a contragdo voluntaria
maxima (CVM), o torque evocado eletricamente (TEE), a atividade elétrica de superficie, a arquitetura
muscular (espessura muscular, &ngulo de penag¢do e comprimento fascicular) e o alongamento do complexo
tendao-aponeurose do quadriceps e a
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Confinuagso do Parecer: 2.799.045

rigidez, modulo de Young e drea de secgdo transversa do tendéo patelar. Os torques gerados na CVM e no
TEE serido comparados entre os diferentes dngulos do joelho, enquanto que as demais variaveis serao
comparadas em duas situagdes: em repouso entre os diferentes dngulos do joelho e em repouso versus em
contragéo.”

Ainda descrevem no projeto que “A estimulagao elétrica neuromuscular (NMES) & um recurso ndo-invasive
que ativa o misculo esquelético artificialmente e, dessa forma, perpassa o trajeto natural da contragao
muscular (Trimble & Enoka, 1991). A NMES é amplamente usada na reabilitacdo para auxiliar na
recuperacao de forga, reeducacao muscular, redugdo de atrofia muscular e reducao de limitagdes funcionais
(Salvini et al., 2012; Vaz et al., 2013, Durigan et al., 2014a,b; Oliveira et al., 2018a; Almeida et al., 2018),
bem como também & usada entre individuos saudaveis e atletas para o0 aumento de forga muscular e
desempenho esportivo (Bax et al., 2005; Billot et al., 2010).”

Objetivo da Pesquisa:

Objetivo Primario:

« Investigar ¢ efeito da estimulagdo elétrica neuromuscular - NMES, em diferentes dngulos do quadril e do
joelho no torque extensor, na atividade eletromiografica, na arquitetura muscular, no complexo tendao-
aponeurose e nas propriedades tendineas dos componentes do quadriceps.

Objetivos especificos

Analisar o torque de extensdo do joelho durante a estimulacdo elétrica neuromuscular tendo como
intervengdo controle a contragéo voluntaria isométrica maxima,

Analisar a atividade elétrica dos trés componentes superficiais do quadriceps (vasto lateral, reto femoral e
vasto medial) em repouso e durante contra¢iio maxima, bem como do antagonista biceps femoral;
Analisar a arquitetura muscular (angulo de penagéo, comprimento fascicular e espessura muscular) dos
quatro componentes do quadriceps femoral em repousc e durante contragdo maxima;

Analisar a rigidez do complexo tenddo-aponeurose do tendao quadricipital em repouso e durante as
manobras de contra¢do maxima;

Testar as varidveis acima em quatro posturas diferentes: joelho em 0°, 60° e 90°, estando o quadril em 80°,
e ambos o joelho e o quadril em 0° (ou seja, em extensdo, estando o individuo em decubito dorsal).
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Avaliagdo dos Riscos e Beneficios:

RISCOS

+ Reagdes alérgicas e/ou queimadura a nivel tecidual nas regides selecionadas para avaliagao da
excitabilidade neuromuscular inerente A estimulagao elétrica;

+ Lesdo neuromuscular ou tendinea decorrente da estimulagdo elétrica;

« Constrangimento durante as avaliagtes,

+ Fadiga muscular.

BENEFICIOS:

+ Os participantes receberdo, de forma impressa ou por email, os resultados dos exames de imagem e
eletromiograficos realizados e serdo explicados o significado e as repercusstes conforme a literatura atual;
+ Os individuos terdo a forga dos extensores do joelho avaliada por meio de um dinamémetro isocinético e
saberdo se se enconlram na faixa esperada para a sua faixa etaria e altura;

+ No caso de que alteragdes musculoesqueléticas sejam observadas, mesmo que estas impossibilitem o
individuo de participar do estudo, sera realizada avaliagao fisioterapéutica mais aprofundada e orientagtes
serdo fornecidas quanto aoc tratamento e a necessidade de consulta médica.

+ Apds finalizagédo do estudo e publicagdo, cada participante recebera a versiao em PDF do artigo, bem
como terdo livre acesso a dissertagdio no acervo da Biblioteca da Universidade de Brasilia.

Medidas de protecgado de risco e outros aspeclos éticos

+ Serdo utilizados materiais de uso comum em pesquisas e na pratica clinica, como gel condutor, gaze e
eletrodo de carbono, os quais ndo possuem histérico de proporcionar reagbes adversas ao contato com a
epiderme integra,

+ O risco de lesdo pela corrente da estimulagdo elétrica serd minimizado por meio do incremento controlado
da intensidade do estimulo e pela observagio da reagdo muscular e da presenga de hiperemia na pele;

+ Sera respeitada a autonomia do participante durante todo o processo, podendo 0 mesmo se recusar a
qualquer momento, caso nao se sinta apto a realizar os procedimentos. Os resultados serdo transmitidos de
forma apropriada, adaptada a condi¢ao fisica, emocional e intelectual do individuo;

+ Sera garantido o sigilo profissional e todos os participantes serdo identificados por nimeros, sendo
ocultados seus nomes dos formularios de avaliagao,
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+ As contragdes musculares serdo separadas por um periodo suficiente de repouso para evitar fadiga
muscular.

Comentérios e Consideragdes sobre a Pesquisa:

“O tamanho da amostra foi determinado do por meio do software G* Power (versdo 3.13; Universidade de
Trier, Alemanha): 20 sujeitos serdo recrutados, considerando o picoe de torque extensor voluntario 60° de
flexao do joelho como a varidvel principal, de acorde com estudo previamente publicado (Ruiter et al., 2008),
o qual mostra uma média de 107.3 Nm = 20.7. Para isso, o nivel de significincia foi estabelecido em 5% (p=
0,05), um power (1- ) = 0,80 e um tamanho de efeito = 0,90. Os individuos serio recrutadoes pelo método de
amostragem nao probabilistica de conveniéncia, por meio de panfletos a serem distribuidos na Universidade
@ por meio de convite verbal."

Os pesquisadores deixam claro os critérios de inclusdo e exclusio:

Critério de Inclusio:

Serdo incluidos individuos idade entre 18 e 30 anos, do sexo masculino, higidos e com indice de massa
corpérea (IMC) 18,5 - 24,9 kg/m?; ndo participantes de treino sistematico de fortalecimento dos membros
inferiores nos Gltimos 12 meses; praticantes ou nio de atividades esportivas recreativamente; fisicamente
ativos de acordo com ¢ Questionario Internacional de Atividade Fisica (IPAQ); e com alcance de torque
minimo de 30% da contragdo voluntaria isométrica maxima durante a NMES.

Critério de Exclusao:

Serdo excluidos aqueles que apresentarem: dor em qualquer dos procedimentos; edema, lesdo dérmica,
limitagao da amplitude de movimento articular, deformidade ou amputagio em qualqguer parte dos membros
inferiores; histérico de luxacgdo patelar ou trauma nos membros inferiores ou ronco que comprometa os
resultados; condigbes que afetem a morfologia musculotendinea ou a excitabilidade neuromuscular como
diabetes mellitus tipo II, hipercolesterolemia familiar, doenca neuromuscular e cardiopatia grave; déficit
cognitivo, doenca psiquiatrica, dependéncia quimica ou problemas comportamentais que inviabilizem a
cooperagdo com os procedimentos (Dudley-Javoroski et al., 2010).

A pesquisa terd um custo de R$280.503,75, e o pesquisador deixa claro que esse custo refere-se, na maior
parte aos equipamentos cedidos pela Faculdade da Ceilandia (FCE) da Universidade de

Enderego: UNB - Prédio da Unidade de Ensino e Docéncia (UED), Centro Melropolitane, conj. A, lote 01, Sala AT07/66

Bairro: CEILANDIA SUL (CEILANDIA) CEP: 72220900
UF: DF Municipio: BRASILIA
Telefone: (81)3107-8434 E-mail: cep.lca@gmail.com
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UNB - FACULDADE DE
CEILANDIA DA UNIVERSIDADE “§ Qgracaforme
DE BRASILIA

Corfinuagso do Parecer: 2.799.049

Brasilia, e os menores gastos serdo arcados pelos pesquisadores.

Consideragdes sobre os Termos de apresentacgdo obrigatéria:
Todos os documentos foram adequadamente apresentados.

Conclusdes ou Pendéncias e Lista de Inadequacdes:
Nio ha pendéncias.

Consideragdes Finais a critério do CEP:

Protocolo de pesquisa em consondncia com a Resolugdo 466/12 do Conselho Nacional de Sadde. Cabe
ressallar que compele ao pesquisador responsavel: desenvolver o projeto conforme delineado; elaborar e
apresentar os relatorios parciais e final; apresentar dados solicitados pelo CEP ou pela CONEP a qualquer
momento; manter os dados da pesquisa em arquivo, fisico ou digital, sob sua guarda e responsabilidade,
por um periodo de 5 anos apés o término da pesquisa; encaminhar os resultados da pesquisa para
publicagdo, com os devidos créditos aos pesquisadores associados e ao pessoal lécnico integrante do
projeto; e justificar fundamentadamente, perante o CEP ou a CONEP, interrupgcao do projeto ou a nédo
publicacdo dos resultados.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situacéio
Informacdes Basicas PB_INFORMAQEES_BASICAS_DO_P 23/07/2018 Aceito
do Projeto ROJETO_1109531.pdf 13:21:53
Outros Curriculo_Nicolas_Babault_ingles.pdf 23/07/2018 |Jonathan Galvac Aceito
13:21:18 | Tendrio Cavalcante

Outros Carta_resposta_membro_estrangeiro.pd| 23/07/2018 |Jonathan Galvao Aceito

{ 13:19:48 |T I

Projeto Detalhado / | Projeto_Detalhado.docx 16/07/2018 |Jonathan Galvao Aceito

Brochura 18:24:30 |Tendrio Cavalcante
Investigador

Outros Curriculo_Lattes_Karenina_Arrais.pdf 16/07/2018 |Jonathan Galvao Aceito
_ 18:22.28 _|Tenério Cavalcante

Outros Curriculo_Lattes_Rita_de_Cassia.pdf 16/07/2018 |Jonathan Galvao Aceito
18:21:41_ | Tendrio Cavalcante

Outros Curriculo_Lattes_Joao_Luiz.pdf 16/07/2018 |Jonathan Galvao Aceito
18:21:17 | Tenbrio Cavalcante

Outros Curriculo_Lattes_Jonathan_Galvao.pdf | 16/07/2018 |Jonathan Galvao Aceito
18:20:36 | Tendrio Cavalcante

Enderego: UNB - Prédio da Unidade de Ensino @ Docéncia (UED), Centro Metropolitano, conj. A, lote 01, Sala AT07/66

Bairro: CEILANDIA SUL (CEILANDIA) CEP: 72.220-900
UF: DF Municiplo: BRASILIA
Telefone: (61)3107-8434 E-mail: cep.lce@gmail.com
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DE BRASILIA
Corfinuagso do Parecer: 2.799.049
Outros termo_de_concordancia_de_instituicao_| 16/07/2018 |Jonathan Galvao Aceito
participante.pdf 18:19:25 | Tendric Cavalcante
Declaragao de termo_de_responsabilidade_e_comprom{ 16/07/2018 |Jonathan Galvao Aceito
Pesqui r isso_do_pesquisador.pdf 18:18:23 | Tendrio Cavalcante
Folha de Rosto folhaDeRosto.pd! 16/07/2018 |Jonathan Galvao Aceito
18:16:25 IT !
Outros cartaencaminhprojeto_ao_cepfce.docx 28/06/2018 |Jonathan Galvao Aceito
11:08:53 | Tendric Cavalcante
Orgamento Planilha_de_orcamento.doc 28/06/2018 |Jonathan Galvao Aceito
02:24:55 | Tendrio Cavalcante
TCLE / Termos de | TCLE_Jonathan_Galvac.doc 28/06/2018 |Jonathan Galvao Aceito
Assentimento / 02:22:51 |Tenbrio Cavalcante
Justificativa de
[ Auséncia
Cronograma Cronograma.docx 28/06/2018 |Jonathan Galvao Aceito
02:21:44 | Tendrio Cavalcante
Outros termo_instituicao_proponente.jpg 28/06/2018 |Jonathan Galvao Aceito
02:19:23 | Tendrio Cavalcante
Situacdo do Parecer:
Aprovado
Necessita Apreciacdo da CONEP:
Nao
BRASILIA, 03 de Agosto de 2018
Assinado por:
Dayani Galato
(Coordenador)

Enderego: UNB - Prédio da Unidade de Ensino e Docéncia (UED), Centro Melropolitano, coni. A, lote 01, Sala AT07/66
Bairro: CEILANDIA SUL (CEILANDIA)

UF: DF

Municipio: BRASILIA

Telefone: (61)3107-8434

CEP: 72.220.900

E-mail:

cep. lce@gmail.com
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8.2- Author Guidelines for submission

GUIDE FOR AUTHORS

INTRODUCTION

Types of article

The Brazilian Journal of Physical Therapy (BJPT) publishes original research articles, reviews,
and brief communications on topics related to physical therapy and rehabilitation, including clinical,
basic or applied studies on the assessment, prevention and treatment of movement disorders. Our
Editorial Board is committed to disseminate high-quality research in the field of physical therapy. The
BJPT follows the principle of publication ethics included in the code of conduct of the Committee on
Publication Ethics (COPE).The BJPT accepts the submission of manuscripts with up to 3,500 words
(excluding title page, abstract, references, tables, figures and legends). Information contained in
appendices will be included in the total number of words allowed. A total of five (5) combined tables
and figures is allowed.

The following types of study can be considered for publication, if directly related to the journals scope:
a) Intervention studies (clinical trials): studies that investigate the effect(s) of one or more
interventions on outcomes directly related to the BJPTs scope. The World Health Organization
defines a clinical trial as any research study that prospectively allocates human participants
or groups of humans to one or more health-related interventions to evaluate the effect(s)
on health outcome(s). Clinical trials include single-case experimental studies, case series, non-
randomized controlled trials, and randomized controlled trials. Randomized controlled trials
(RCTs) must follow the CONSORT (Consolidated Standards of Reporting Trials) recommendations,
which are available at: http://www.consort-statement.org/consort-statement/overview0/.
The CONSORT checklist and Statement Flow Diagram, available at
http://www.consort-statement.org/consort-statement/flow-diagram, must be completed and
submitted with the manuscript. Clinical trials must provide registration that satisfies the requirements
of the International Committee of Medical Journal Editors (ICMIE), e.g. http://clinicaltrials.gov/
and/or http://www.anzctr.org.au. The complete list of all clinical trial registries can be found
at: http://www.who.int/ictrp/network/primary/en/index.html. We suggest that all authors register
clinical trials prospectively via the website http://www.clinicaltrials.gov.

Note: We do not accept single case studies and series of cases (i.e. clinical trials without a comparison
group).

b) Observational studies: studies that investigate the relationship(s) between variables of interest
related to the BIPTs scope. Observational studies include cross-sectional studies, cohort studies, and
case-control studies. All observational studies must be reported following the recommendation from
the STROBE statement (http://strobe-statement.org/index.php?id=strobe-home).

c) Qualitative studies: studies that focus on understanding needs, motivations, and human
behavior. The object of a qualitative study is guided by in-depth analysis of a topic, including opinions,
attitudes, motivations, and behavioral patterns without quantification. Qualitative studies include
documentary and ethnographic analysis.

d) Systematic reviews: studies that analyze and/or synthesize the literature on a topic related to
the scope of the BIPT. Systematic reviews that include meta-analysis will have priority over other
systematic reviews. Those that have an insufficient number of articles or articles with low quality in
the Methods section and do not include an assertive and valid conclusion about the topic will not be
considered for peer-review analysis.

The authors must follow the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) checklist to format their systematic reviews. The checklist is available
at http://www.prisma-statement.org/PRISMAStatement/Default.aspx and must be filled in and
submitted with the manuscript.

Potential authors are encouraged to read the following tutorial, which contains the minimum
requirements for publication of systematic reviews in the BJPT: Mancini MC, Cardoso JR, Sampaio RF,
Costa LCM, Cabral CMN, Costa LOP. Tutorial for writing systematic reviews for the Brazilian Journal of
Physical Therapy (BJPT). Braz J Phys Ther. 2014 Nov-Dec; 18(6):471-480.

e) Studies on the translation and cross-cultural adaptation of questionnaires or assessment

tools: studies that aim to translate and/or cross-culturally adapt foreign questionnaires to a language
other than that of the original version of existing assessment instruments. The authors must use the
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checklist (Appendix) to format this type of paper and adhere to the other recommendations of the
BJPT. The answers to the checklist must be submitted with the manuscript. At the time of submission,
the authors must also include written permission from the authors of the original instrument that was
translated and/or cross-culturally adapted.

f) Methodological studies: studies centered on the development and/or evaluation of
clinimetric properties and characteristics of assessment instruments. The authors are encouraged
to use the Guidelines for Reporting Reliability and Agreement Studies (GRRAS) to format
methodological papers, in addition to following BJPT instructions. Important: Studies that
report electromyographic results must follow the Standards for Reporting EMG Data
recommended by ISEK (International Society of Electrophysiology and Kinesiology), available at
http://www.isek.org/wp-content/uploads/2015/05/Standards-for-Reporting-EMG-Data.pdf.

g) Clinical trial protocols: The BJPT welcomes the publication of clinical trial protocols. We only
accept trial protocols that are substantially funded, have ethics approval, have been prospectively
registered and of very high quality. We expect that clinical trial protocols must be novel and
with a large sample size. Finally, authors have to provide that the clinical trial is on its first
stages of recruitment. Authors should use the SPIRIT statement while formatting the manuscript
(http://www.spirit-statement.org). Funding solely based upon scholarships or fellowships are not
considered as substantially funded.

h) Short communications: the BJPT will publish one short communication per issue (up to six a
year) in a format similar to that of the original articles, containing 1200 words and up to two figures,
one table, and ten references.

i) Masterclass articles: This type of article presents the state of art of any topic that is important
to the field of physical therapy. All masterclass articles are invited manuscripts and the authors must
be recognized experts in the field. However, authors can send e-mails to the editor in chief with an
expression of interest to submit a masterclass article to the BJPT.

Submission checklist
You can use this list to carry out a final check of your submission before you send it to the journal for
review. Please check the relevant section in this Guide for Authors for more detalls.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
* E-mail address
* Full postal address

All necessary files have been uploaded:

Manuscript:

* Include keywords

« All figures (include relevant captions)

« All tables (including titles, description, footnotes)

* Ensure all figure and table citations in the text match the files provided
« Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

* Manuscript has been 'spell checked' and 'grammar checked'

» All references mentioned in the Reference List are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including the
Internet)

* A competing interests statement is provided, even if the authors have no competing interests to
declare

« Journal policies detailed in this quide have been reviewed

» Referee suggestions and contact details provided, based on journal requirements
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BEFORE YOU BEGIN

Ethics in publishing
Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

Studies in humans and animals

If the work involves the use of human subjects, the author should ensure that the work described
has been carried out in accordance with The Code of Ethics of the World Medical Association
(Declaration of Helsinki) for experiments involving humans. The manuscript should be in line with the
Recommendations for the Conduct, Reporting, Editing and Publication of Scholarly Work in Medical
Journals and aim for the inclusion of representative human populations (sex, age and ethnicity) as
per those recommendations. The terms sex and gender should be used correctly.

Authors should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in
accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU
Directive 2010/63/EU for animal experiments, or the National Institutes of Health guide for the care
and use of Laboratory animals (NIH Publications No. 8023, revised 1978) and the authors should
clearly indicate in the manuscript that such guidelines have been followed. The sex of animals must
be indicated, and where appropriate, the influence (or association) of sex on the results of the study.

Declaration of interest

All authors must disclose any financial and personal relationships with other people or organizations
that could inappropriately influence (bias) their work. Examples of potential competing interests
include employment, consultancies, stock ownership, honoraria, pald expert testimony, patent
applications/registrations, and grants or other funding. Authors must disclose any interests in two
places: 1. A summary declaration of interest statement in the title page file (if double-blind) or the
manuscript file (if single-blind). If there are no interests to declare then please state this: 'Declarations
of interest: none'. This summary statement will be ultimately published if the article is accepted.
2. Detailed disclosures as part of a separate Declaration of Interest form, which forms part of the
journal's official records. It is important for potential interests to be declared in both places and that
the information matches. More information.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously (except in
the form of an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent
publication' for more information), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. To verify originality, your article may be checked by the originality detection service Crossref
Similarity Check.

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Content should make no assumptions about the beliefs or
commitments of any reader; contain nothing which might imply that one individual is superior to
another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition; and use inclusive language throughout. Authors should ensure that writing is free from bias,
stereotypes, slang, reference to dominant culture and/or cultural assumptions. We advise to seek
gender neutrality by using plural nouns ("clinicians, patients/clients”) as default/wherever possible
to avoid using "he, she,” or "he/she.” We recommend avoiding the use of descriptors that refer to
personal attributes such as age, gender, race, ethnicity, culture, sexual orientation, disability or health
condition unless they are relevant and valid. These guidelines are meant as a point of reference to
help identify appropriate language but are by no means exhaustive or definitive.
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Authorship
All authors should have made substantial contributions to all of the following: (1) the conception and
design of the study, or acquisition of data, or analysis and interpretation of data, (2) drafting the
article or revising it critically for important intellectual content, (3) final approval of the version to
be submitted.

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (a) the reason
for the change in author list and (b) written confirmation (e-mail, letter) from all authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has already been published in an online issue,
any requests approved by the Editor will result in a corrigendum.

Clinical trial results

In line with the position of the International Committee of Medical Journal Editors, the journal will not
consider results posted in the same clinical trials registry in which primary registration resides to be
prior publication If the results posted are presented in the form of a brief structured (less than 500
words) abstract or table. However, divulging results in other circumstances (e.g., investors' meetings)
is discouraged and may jeopardise consideration of the manuscript. Authors should fully disclose all
posting in registries of results of the same or closely related work.

Reporting clinical trials

Randomized controlled trials should be presented according to the CONSORT guidelines. At manuscript
submission, authors must provide the CONSORT checklist accompanied by a flow diagram that
illustrates the progress of patients through the trial, including recruitment, enrollment, randomization,
withdrawal and completion, and a detailed description of the randomization procedure. The CONSORT
checklist and template flow diagram are available online.

Registration of clinical trials

Registration in a public trials registry is a condition for publication of clinical trials in this journal
in accordance with International Committee of Medical Journal Editors recommendations. Trials
must register at or before the onset of patient enrolment. The clinical trial registration number
should be Iincluded at the end of the abstract of the article. A dlinical trial is defined as any
research study that prospectively assigns human participants or groups of humans to one or more
health-related interventions to evaluate the effects of health outcomes. Health-related interventions
include any intervention used to modify a biomedical or health-related outcome (for example drugs,
surgical procedures, devices, behavioural treatments, dietary interventions, and process-of-care
changes). Health outcomes include any biomedical or health-related measures obtained in patients or
participants, including pharmacokinetic measures and adverse events. Purely observational studies
(those in which the assignment of the medical intervention is not at the discretion of the investigator)
will not require registration.

Copyright

Upon acceptance of an article, authors will be asked to complete a "Journal Publishing Agreement' (see
more information on this) to assign to theAssociacdo Brasileira de Pesquisa e Pés-Graduacdo em
Fisioterapia (ABRAPG-FT) the copyright in the manuscript and any tables, illustrations or other
material submitted for publication as part of the manuscript (the "Article") in all forms and media
(whether now known or later developed), throughout the world, in all languages, for the full
term of copyright, effective when the Article is accepted for publication. An e-mail will be sent to
the corresponding author confirming receipt of the manuscript together with a Journal Publishing
Agreement’ form or a link to the online version of this agreement.
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Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher and ABRAPG-FT is required for resale
or distribution outside the institution and for all other derivative works, including compilations and
translations. If excerpts from other copyrighted works are included, the author(s) must obtain written
permission from the copyright owners and credit the source(s) in the article.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More
information.

Elsevier supports responsible sharing
Find out how you can share your research published in this journal.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or
preparation of the article and to briefly describe the role of the sponsor(s), if any, in study design; in
the collection, analysis and interpretation of data; in the writing of the report; and in the decision to
submit the article for publication. If the funding source(s) had no such involvement then this should
be stated.

Open access
Please visit our Open Access page from the Journal Homepage for more information.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career
researchers throughout their research journey. The "Learn" environment at Researcher Academy
offers several interactive modules, webinars, downloadable guides and resources to guide you through
the process of writing for research and going through peer review. Feel free to use these free resources
to improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's Author Services.

Informed consent and patient details

Studies on patients or volunteers require ethics committee approval and informed consent, which
should be documented in the paper. Appropriate consents, permissions and releases must be obtained
where an author wishes to include case details or other personal information or images of patients
and any other individuals in an Elsevier publication. Written consents must be retained by the author
but copies should not be provided to the journal. Only if specifically requested by the journal in
exceptional circumstances (for example if a legal issue arises) the author must provide copies of the
consents or evidence that such consents have been obtained. For more information, please review the
Elsevier Policy on the Use of Images or Personal Information of Patients or other Individuals. Unless
you have written permission from the patient (or, where applicable, the next of kin), the personal
details of any patient included in any part of the article and in any supplementary materials (including
all illustrations and videos) must be removed before submission.

Submission

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article
Please submit your article via https://www.evise.com/profile/api/navigate/BIPT.

PREPARATION

Double-blind review

This journal uses double-blind review, which means the identities of the authors are concealed from
the reviewers, and vice versa. More information is available on our website. To facilitate this, please
include the following separately:
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Title page (with author details): This should include the title, authors’ names, affiliations,
acknowledgements and any Declaration of Interest statement, and a complete address for the
corresponding author including an e-mail address.

Blinded manuscript (no author details): The main body of the paper (including the references,
figures, tables and any acknowledgements) should not include any identifying information, such as
the authors' names or affiliations.

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor’s options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check’ and 'grammar-check’
functions of your word processor.

Article structure

Subdivision - unnumbered sections

Divide your article into clearly defined sections. Each subsection is given a brief heading. Each heading
should appear on its own separate line. Subsections should be used as much as possible when cross-
referencing text: refer to the subsection by heading as opposed to simply ‘the text'.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Material and methods
Provide sufficient detail to allow the work to be reproduced.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in
appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information

* Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.

* Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

* Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.
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* Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights

Highlights are mandatory for this journal as they help increase the discoverability of your article via
search engines. They consist of a short collection of bullet points that capture the novel results of
your research as well as new methods that were used during the study (if any). Please have a look
at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please
use "Highlights' in the file name and include 3 to 5 bullet points (maximum 85 characters, including
spaces, per bullet point).

Abstract

A concise and factual structured abstract is required. The abstract should briefly state the purpose of
the research, the principal results and major conclusions. An abstract is often presented separately
from the article, so it must be able to stand alone. For this reason, References should be avoided,
but if essential, then cite the author(s) and year(s).

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:
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concerned about the quality of the images accompanying their article. Elsevier's expert illustrators
can produce sclentific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing’ is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the website to find out more.
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caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.
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DOI is highly encouraged.
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text where it should be placed. All submitted files should be properly labeled so that they directly
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Supplementary material

Supplementary material such as applications, images and sound dlips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
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Research data

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the avallability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References” section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.
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information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).
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