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RESUMO

Introducéo: Os exercicios do método Pilates podem ser realizados no solo e em
equipamentos. Nos equipamentos, 0S mesmos Sdo executados contra a resisténcia de
molas (carga elastica), as quais impGem uma complexidade adicional a execucdo e
controle dos movimentos. Apesar da abrangéncia do uso do método na reabilitacdo, ha
poucos estudos cientificos que comprovam sua eficacia. Essa abrangéncia do uso do
método demonstra, por si sO, a necessidade de uma descri¢do biomecénica e de controle
motor dos exercicios, possibilitando um entendimento cinesiolégico dos mesmos.
Objetivos: Identificar e descrever as estratégias cinematicas e de modulacdo da
atividade EMG dos principais musculos durante a execu¢do do movimento do ombro
com reversao realizado sob a demanda de diferentes cargas elasticas no equipamento
Reformer por individuos ndo praticantes do método Pilates. Materiais e métodos: Oito
voluntarias do sexo feminino participaram desse estudo. Foram instruidas a realizar uma
tarefa de extensdo e flexdo de ombro no aparelho Reformer segundo o Método Pilates,
contra a resisténcia de trés magnitudes de carga elastica (mola). A cinematica angular
do ombro e a cinematica linear do equipamento foram reconstruidas através de um
sistema oOptico de andlise tridimensional do movimento (OPTOTRAK 3020) e a
atividade EMG dos principais musculos foram coletadas através de eletrodos de
superficie (DESLYS). Os resultados mostraram que 0s sujeitos gastam mais tempo
desacelerando na fase da IDA, para as trés cargas. De um modo geral, pudemos
observar que conforme o aumento da carga elastica menor o tempo que o sujeito gasta
para executar a tarefa. A atividade EMG dos mausculos, deltéide anterior, deltdide

posterior e reto abdominal aumentaram com o incremento da carga elastica.

PALAVRAS CHAVE: Pilates, Cinematica, Cargas Elasticas
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ABSTRACT

Introduction: The Pilates exercises can be performed in soil and equipment. The
equipment, they are executed against the resistance of springs (elastic load), which
require an additional complexity to the implementation and control of movements.
Despite the scope of the method employed in rehabilitation, there are few scientific
studies that prove its effectiveness. This range demonstrates the use of the method, by
itself, the need for a description of motor control and biomechanics of the exercises,
allowing an understanding of kinesiology same. Objectives: Identify and describe
strategies for modulation of kinematic and EMG activity of major muscles during
performance of shoulder movement with reversal performed upon the demand of
different elastic loads on the Reformer equipment by individuals not practicing Pilates.
Methods: Eight female volunteers participated in this study. Were instructed to perform
a task of extension and flexion in the Reformer apparatus according to Pilates,
resistance against the three magnitudes of tensile load (spring). The kinematics of the
shoulder angle and linear kinematics of the equipment were reconstructed using an
optical three-dimensional motion analysis (OPTOTRAK 3020) and EMG activity of
major muscles were collected using surface electrodes (Deslys). The results showed that
subjects spent more time decelerating phase of the IDA for the three charges. In general,
we found that with increasing tensile load the less time that the subject takes to perform
the task. The EMG activity of muscles, anterior deltoid, posterior deltoid and rectus

abdominis increased with increasing tensile load.

KEYWORDS: Pilates, Kinematics, Elastic Loads
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1. CONTEXTUALIZACAO

1.1 Exercicios realizados sob a imposicédo de carga elastica

Gottlieb e colegas (1989) identificaram regras simples utilizadas pelo Sistema
Nervoso Central (SNC) para modular a atividade EMG e os torques durante a execucéo
de exercicios simples realizados com e sem a imposi¢do de cargas. Posteriormente,
essas regras simples de modulacdo da atividade EMG foram observadas em

1234 Mais recentemente, Almeida e

movimentos mais complexos de apontar
colaboradores demonstraram que essas regras também poderiam explicar como o SNC
modula a atividade eletromiograficas e os torques na execucdo de movimentos de
reversdo 234°°,

Nos movimentos de apontar o SNC gera um padrao bifasico de atividade EMG,
aumentando a quantidade de atividade EMG agonista e prolongando o inicio da
atividade antagonista, com 0 aumento da velocidade ou da carga inercial, gerando assim

123 No entanto, nos movimentos de flexdo do cotovelo

uma maior for¢ca muscular
executados contra uma carga elastica, prolonga-se a duracdo da atividade EMG
agonista, atrasando o inicio da atividade EMG antagonista. Esse padrdo de atividade
eletromiogréafica gera um aumento dos torques articulares (forca gerada pelos musculos
e transmitida para mover a articulagdo), prolongando a duracdo do mesmo na fase de
aceleracdo dos movimentos. Além do aumento da ativacdo muscular, o uso de carga

elastica reduzia o padréo de co-ativagdo .

1.2 Histoérico do Método Pilates

Por ser uma crianca que sofria problemas de salde, Joseph Hubertus Pilates
(1880-1967) procurou na pratica de atividades fisicas e esportes 0 meio de melhorar o
seu estado fisico e de sadde %1012

Em 1912 se tornou instrutor de alto defesa na Inglaterra, em uma das
maiores instituicdes da época, a Scotlan Yard, onde além dos ensinamentos de alto
defesa Joseph desenvolvia o seu programa de exercicios baseados nas praticas de
atividade fisica ***. Ao mesmo tempo em que Joseph procurava desenvolver o seu
método de exercicios, aconteceu a Primeira Guerra Mundial e todos os alemé&es foram
presos em campos de concentragdo. Durante o periodo de confinamento, Joseph
continuava a desenvolver seu programa de exercicios s que desta vez a sua aplicagdo

acontecia dentro das enfermarias onde ele visava o trabalho corporal a fim de cuidar das
1



pessoas enfermas. Foi durante essa fase que Joseph comegou a pensar na possibilidade
de oferecer resisténcia aos exercicios e foi nas macas hospitalares que ele encontrou a
resposta. Foi ai que iniciou os primeiros testes com as molas que compunham essas
camas para servir de resisténcia externa para realizacdo dos movimentos e exercicios, a
partir desse momento Joseph comecou a projetar os primeiros protdtipos que
futuramente se transformariam em equipamentos especificos para a pratica da
“contrologia” 8,9,10,11|12,14.

O inicio do reconhecimento do trabalho de Joseph foi quando uma epidemia de
influenza matou milhares de pessoas na Europa e principalmente nos campos de
concentracdo onde as pessoas estavam muito expostas e fragilizadas pelos maus tratos,
sO que o fato que culminou nesse reconhecimento foi quando as pessoas que praticavam
0s exercicios ensinados por Joseph Hubertus Pilates ndo adoeceram e 0s poucos que
adoeceram néo vieram a falecer 31215,

Apo6s a Guerra, Joseph, retornou a Alemanha para dar continuidade ao seu
trabalho onde iniciou o treinamento dos policiais da cidade de Flamberg. Durante este
periodo ele conheceu Rudolf VVon Laban, seu primeiro contato com o mundo da danca.
Laban incorporou parte da técnica de “contrologia” (técnica de Joseph H. Pilates), em
seu método de ensino 3910111213,

No momento em que a “contrologia” entrou de vez como um método de
treinamento, o governo aleméo fez uma proposta para Joseph realizar o treinamento dos
oficiais do exército alemdo. Vendo os acontecimento e rumo que as coisas estavam
tomando, Joseph decidiu imigrar para os EUA e difundir o seu método naquele pais.
8,11,.

Durante a viagem para a América Joseph conhece Clara que se tornaria sua
esposa e por terem muitas afinidades, sendo uma delas o cuidado com as pessoas, juntos
decidiram montar o primeiro Studio de Fitness para oferecer a “contrologia”. Com iSso
ao chegar aos EUA procuraram o New York City Ballet que era a referencia da danca
na época e pelo fato de Joseph ter iniciado a divulgagdo do seu trabalho na Alemanha
através das escolas de danga, conseguiu difundir através dessa parceria 0 seu método

8,12,13

Joseph H. Pilates viveu até os 87 anos de idade, praticando e ensinando o

» 81213 1sto foi um verdadeiro tributo a

que ele chamava de técnica da “contrologia
efetividade de seu método de treinamento e condicionamento fisico e mental. Fiel

2



expoente de seu proprio sistema estava seguro que seus conhecimentos estavam 50 anos
adiantados em relacdo a sua época. O tempo confirmou as verdades de suas afirmaces.
E apds o falecimento do mentor da técnica de “contrologia”, o seu método de exercicios
ficou chamado e conhecido mundialmente como Método Pilates, sendo um nome de

dominio publico ®**.

1.3 O método Pilates e seus beneficios

O Método Pilates ¢ um trabalho que se baseia em exercicios de forca,
flexibilidade e mobilidade utilizando para tal, técnicas, equipamentos e exercicios
especificos. Este método permite desenvolver nos seus praticantes uma maior tomada de
consciéncia corporal através, sobretudo, dos seus principios: Concentracdo, Respiracao,
Controle, Centralizagdo (Power House), Precisdo e Fluidez de Movimento 81013151617,

Em todos estes principios reside uma base comum: a especificidade de cada
ser humano e suas limitacGes, isto é, a capacidade desta modalidade se adaptar e se
direcionar as diferentes caracteristicas de cada praticante. Neste sentido, alguns estudos
e principalmente os profissionais de salde que associam a sua pratica a inimeros
beneficios, concretamente ao nivel da prevencdo e tratamento de algumas disfuncdes
musculoesqueléticas , melhoria do equilibrio, dos niveis de atencdo e de concentracéo,
da coordenacdo neuromotora, da mobilidade articular, da reducéo de dores da coluna,

aumento dos niveis de consciéncia corporal.

1.4 Os equipamentos do método Pilates

Inicialmente Joseph H. Pilates desenvolveu seus equipamentos baseando — se em
oferecer uma resisténcia nos exercicios, contudo adaptou as molas das camas
hospitalares para oferecer esse tipo de resisténcia que foi mantida para os primeiros
protétipos dos equipamentos de Pilates.

Os principais equipamentos sdo: Cadilac, Reformer, Step Chair e Lader Barrel,
como podem observar abaixo, 0s equipamentos mantém praticamente a mesma
funcionalidade, porém o design e a modernidade tomaram conta da diferenciacdo dos

fabricantes °.



Figura 1 A FiguralB

O equipamento Reformer e composto por um carrinho que desliza sobre uma

plataforma conectada por molas *.

Figura 2 A Figura 2 B

O Cadilac e o equipamento mais robusto do método Pilates, por ser uma especie
de maca com uma estrutura metalica, oferece varias possibilidade de conex&o das molas

para realizagdo dos exercicios *.

Figura3 A Figura3 B



A principal caracteristica do Lader Barrel séo as grandes possibilidades de
trabalho com a musculatura abdominal e alongamento global, porém néo oferece a

possibilidade de trabalho com molas®.

<3
s

Figurad A Figura4 B

L My

Step Chair e 0 equipamento mais desafiador para alunos que queiram trabalhar a
musculatura abdominal, o equipamento € composto por dois pedais que podem ser
utilizados de forma Unica ou separados com a possibilidade de conexdo das molas em
diferentes amplitudes *.

Nos equipamentos, a resisténcia externa € imposta ao sistema musculo-
esquelético através de um sistema de molas (carga eléstica)'®. Essas molas impdem uma
complexidade adicional ao controle e execu¢do dos movimentos. De um modo geral,
durante 0 movimento de ida de uma posicdo inicial até um alvo, a mola sofre uma
deformacéo e a resisténcia externa oferecida por ela aumenta gradualmente. A energia
potencial acumulada durante o alongamento da mola é liberada e a mesma tendera a
acelerar o segmento de volta a posicdo inicial. Nesse momento, uma contracdo
excéntrica da musculatura é necessaria para desacelerar o segmento lentamente na
posicdo desejada. Outra caracteristica do método é que, em geral, seus exercicios sdo

complexos e envolvem a participacdo de multiplos segmentos simultaneamente.

1.5 Método Pilates: pratica baseada em evidéncias

Podemos observar atualmente que o Meétodo Pilates estda amplamente
disseminado no uso do condicionamento fisico e na reabilitacdo. Em especial, estudos
indicam que um programa de exercicios de Pilates pode ser eficiente no tratamento da
dor lombar, melhora a saude em geral, aumentando a propriocepcdo, equilibrio e

flexibilidade em pacientes com doencas cronicas ndo-especificas 13181920:21:2223.24



Porem os resultados obtidos sdo baseados em escalas subjetivas como escala visual de
dor e questionarios de qualidade de vida.

Quando partimos para estudos preocupados em descrever 0s mecanismos de
controle motor e biomecanica durante a realizacdo dos exercicios do método Pilates,
observamos que a imposi¢do ou ndo da carga eléstica é ignorada *>2%2"%,

Como o Método de Pilates estd amplamente disseminado no uso do
condicionamento fisico e na reabilitacdo. Em especial, estudos indicam que um
programa de exercicios de Pilates pode ser eficiente no tratamento da dor lombar,
melhora a saide em geral, aumentando a propriocepcdo, equilibrio e flexibilidade em
pacientes com doencas cronicas ndo-especificas. Portanto, se faz necessario uma
descricdo das estratégias EMGs e cinematicas usadas pelo SNC na execugdo do controle

desses movimentos de forma a permitir um entendimento cinesiologico.
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2.1 Abstract

Objectives: This study aimed to describe the EMG and kinematic strategies used by
central nervous system (CNS) during the execution of shoulder flexion and extension
performed against different elastic loads of the Reformer Pilates apparatuns. Methods:
Eight female volunteers participated in this study. They were instructed to perform a
task in three phases (TO THE TARGET, STACIONARY, and FROM THE TARGET)
of four second each. The kinematics of the shoulder were reconstructed using an optical
three-dimensional motion analysis (OPTOTRAK 3020) and EMG activities of major
muscles were collected through surface electrodes (DELSYSs). The results showed a
complex kinematic and EMG strategies that could be affect by the amount of elastic
load and movement phases for some situations, but not for others. The results are
discussed in terms of the simple rules used to explain the effect of elastic load on the
modulation of the EMG activities and the effect of possible kinetic forces acting on the

joints.

Keywords: Pilates, kinematics, elastic load



2.2 Introduction

The Pilates method has been used since 1880 and is characterized by a set of
exercises, whose objective would be to increase muscle strength, flexibility,
coordination and control of movements (Latey, 2001; Johnson et al, 2006; Levine et al
2007; Blum, 2002; Graves, 2005). According to the method, the contraction of muscle
CORE (abdominis, adductors, paravertebral and pelvic floor), also known as the
"powerhouse” (Muscolino and Cipriani, 2004), associated with a correct breathing, help
the control of movements. Although these are empirical observations, the method is still
widely used in rehabilitation and physical fitness (Rydeard et al, 2006; Touche et al,
2009, Silva et al, 2009a; Savage, 2005; Gladwell et al, 2006; Donzelli et al, 2006;
Fonseca et al, 2009; Emery et al, 2009).

Several strategies for modulating activity (EMG) were identified for the
execution of uni (Gottlieb, 1996; Paulino et al, 2004) and multi-joint (Berardelli et al,
1996; Hannaford and Stak, 1985; Hallett el at, 1975; Gottlieb, 1998; Almeida et al,
2006) movements without the imposition of external loads. In the method Pilates is
common the imposition of elastic load during movement execution (Silva et al., 2009b).
However, few studies reported the effects this kind of elastic loads on the movement
control (Gottlieb, 1996; Stein, 1988; Hintermeister et al, 1998, Mackey et al, 2002;
Stoeckmann, 2009). For example, it was not observed the effect of elastic load at the
speed of elbow flexion, even although there was an increase in the duration of agonist
activity with no change in the antagonist latency (Gottlieb, 1996). Similar results were
found during the execution of rhythmic movements of wrist flexion and extension, in
which occurred an increase in the amount and intensity of activation of agonist muscles
(Stein, 1988, Mackey et al, 2002).

Despite the vast use of the Pilates exercises, we did not find studies reporting the
effect of elastic load, in the control of these movements. Without this knowledge, the
decision on what type of elastic load to use continues to be made based on empirical
observations. To fill this gap, we carried out a description of the EMG and kinematic
strategies, used by the central nervous system (CNS) to perform elbow flexion and
extension in the Reformer equipment, upon the demand of different elastic loads. The
results were discussed based on the rules for the modulation of EMG activity and
kinematics already identified in the studies described above.



2.3 Methods
2.3.1 Subjects

Eight female subjects (mean age 23 years, SD = 3.3) participated in the study,
after signing an informed consent form approved by the Ethics Committee of
UNINOVE (Protocol No. 260667). The subjects were right-handed, without history of
musculoskeletal injury or neuromuscular disease and no previous experience with the
Pilates Method.

2.3.2 Task

The subjects perform the task of bilateral shoulder extension and flexion on the
Reformer equipment, also known as Pilates exercise one hundred (Pilates and Miller,
1945) (see illustration in Figure 1). Throughout the task, the subject was instructed to
remain stationary in the supine position, with hip and knee flexed at 90°. In the initial
position, the shoulders were flexed at 90° (perpendicular to the trunk), and the hands
grasped the handles of the device, attached to cables, that were connected to the springs.
The task was divided into three phases and the subject instructed to execute each one, at
a time interval of four seconds, indicated by a metronome. In the first phase (TO THE
TARGET), the subject had to move from initial to the target position, performing a
range of 90° of shoulders extension (clockwise), keeping the elbows extended. On
target, the arms were almost parallel to the trunk. In the second phase (STATIONARY),
the subject remained on target. In the third phase (FROM THE TARGET), the subject
returned to the starting position by performing 90° shoulder flexion, always keeping the
elbows extended. The beginning of the TO THE TARGET phase was determined as the
instant when the angular velocity of the shoulder hit first 5% of its peak and its end
occurred when the velocity returned to that value (5%) for the second time (Almeida et
al, 2006). The STATIONARY phase was defined as the time interval in which the
upper arm remained on target, and the speed of the shoulder did not exceed 5% of its
peak. The beginning of the phase FROM THE TARGET, starts at the instant when the
shoulder velocity reaches 5% from its peak, until the time it the upper arm returned for
the second time at 5% of this peak, around the initial position.

In the phases TO and FROM the target the subjects were instructed to contract
the abdominis muscles and exhale slowly, releasing air through the mouth. In
STACIONARY phase, the subject had to relax the abdominis muscles and inhale
slowly. This task was carried out against three magnitudes of elastic load (EL1=0.021
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kgf /mm, EL2=0.042 kgf/mm and EL3=0.063 kgf/mm), with five repetitions for each of
these charges.
INSERT HERE FIGURE 1

2.3.3 Recording and processing the kinematic data

LEDs (light emission diode) were fixed with micropore tape in the center of the
shoulder joints, wrist, hip, knee and ankle. The X and Y coordinates of these score were
recorded at 100 Hz, using Optotrak 3020 (Northern Digital Inc.). These coordinates
were used to calculate the angular movements of the shoulder joint, knee and hip. Speed
and acceleration were obtained, respectively, using the first and second derivative of
angular displacement. The kinematic data were filtered using Matlab (Mathworks ®).
2.3.4 Recording and processing the EMG data

Surface electromyography (EMG) of anterior deltoideus (AD), posterior
deltoideus (PD), rectus abdominis (RA), multifidus (MU), rectus femoris (RF) and
ischio tibial (IT) was recorded using a Bagnoli system (Delsys, Inc), consisting of
bipolar electrodes (the inter-electrode distance was fixed at 2 centimeters, DE 2.2L
model), amplified with a total gain of 2000 times and a low pass filter of 20-450 Hz.
The electrodes were attached to the skin with hypoallergenic adhesive tape on the belly
of the muscles, according to the protocol SENIAM/ISEKI. All EMG data were digitized
at 1000 frames/second, using software and Optotrak unit synchronization (ODAUII).
The EMG data were rectified and smoothed with a Butterworth filter (band pass filter
between 10 and 400 Hz). The peak frequency multiples of 60 Hz in the EMG signals
detected were eliminated by Notch filter. Both filters were implemented using a routine
of Matlab ® (Mathworks).
2.3.5 Dependent variables

The dependent variables were computed from the kinematic and
electromyography data separately, for each of the three phases for each of the three
elastic loads. Kinematic variables were defined as: 1) The extent of the shoulder angle
(difference between initial and final position of shoulder angle); 2) the shoulder peak
velocity (maximum speed); 3) movement time (time between beginning of the first
movement phase and the end of the third movement phase); 4) acceleration time (the
beginning of the movement until the moment when the acceleration returns to zero); 5)
deceleration time (from the end of acceleration, until the time it returns to zero for the
second time); 6) symmetry index (acceleration time divided by deceleration time). The
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acceleration and deceleration were calculated separately for the GO AND FROM THE
TARGET PHASE. Electromyography variables were defined as: 7) Mean EMG activity
in the three phases, calculated for each of the six muscles recorded. These kinematic
variables and electromyography were calculated for each of the five trials for each
subject and obtained the average value, which was used for statistical analysis.
2.3.6 Statistical analysis

We used "one" or "two-way repeated measures ANOVA to test the effect of the
amount of charge imposed by elastic load (EL1 and EL2 and EL3), and the effect of the
phase of the task (TO THE TARGET, STATIONARY, FROM THE TARGET) in the
dependent variables. We set o = 0.05 and used the interval of confidence to test the pos

hoc effect.
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2.4 Results

In Figure 2 is shown a time series of the kinematic (angle, velocity and
acceleration) and EMG data, from three movements performed against each of the three
elastic loads. Note that the task is divided into three distinct phases. The subject
performs an extension of the shoulder from 90 ° (starting position) to 180 ° (TO THE
TARGET), and remained there fro few seconds in a quasi-static position
(STACIONAY). Then, the subject returned to the starting position (FROM THE
TARGET) performing 90° of shoulder flexion. The speed of movement has the shape of
two bells, represents the first phase (TO THE TARGET) and the second phase (FROM
THE TARGET). In the acceleration profile was identified two reversed bells during the
first, and two reversed bells during third phase, and the first bell represents the time of
acceleration and the second the deceleration time. In general, the subject spent more
time decelerating than accelerating the movement.

INSERT FIGURE 2 HERE

The EMG activities of the posterior deltoideus (PD) increased with the elastic
load during the TO THE TARGET and STATIONARY phase, and decays in FROM
THE TARGET phase. The EMG activity of anterior deltoideus (AD) was close to zero
in the phases of TO THE TARGET and STATIONARY, and increased during the
FROM THE TARGET phase for the lighter elastic load. The EMG activity of rectus
abdominis (RA) increased with increasing in the elastic load in the three phases of
movement. The muscles multifidus (MU), rectus femoral (RF) and ischio tibial (IT) are
prominent throughout the task.

2.4.1 Amplitude and velocity of movement

The subjects were instructed to keep the hip and knee stationed at 90 °. The
ANOVA revealed no increasing in the range of motion of the three joints during the
execution of the tasks, regardless of the movement phase (Fu7, 2> 0.47 p> 0.5) or the
amount of elastic load (F7, 2> 0.09 p> 0.1), and there was no interaction between both
factors (Fu7,2> 0.01 p> 0.2).

In figure 3 was plotted the time series of amplitude (X axis) against the speed of
shoulder movement (Y axis), for each subject, for each type elastic load, during the TO
THE TARGET and FROM THE TARGET phases. If the movement was executed with
the same acceleration and deceleration for each of the two phases and carried out
smoothly, the figure would reveal a perfect circle. However, the semi-circle during the
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TO THE TARGET phase was shifted to the right, revealing a possible predominance of
the acceleration on the acceleration phase. During the FROM THE TARGET phase the
semi-circle BACK was more symmetrical.

The ANOVA revealed that the peak velocity of the shoulder is similar between
the TO and FROM THE TARGET phase (Fs, 2> 0.67 p> 0.5). However, the speed of
the shoulder increased with increasing of the elastic load (F23 2> 11.3 p <0.01). There
was no interaction between the two factors for this variable. Another ANOVA revealed
that the angular excursion of the shoulder was not affected by the amount of elastic load
(Far2) = 1.57 p = 0.22) and the movement phases (Fu72 = 0.55 p = 0.94). The
interaction between elastic load and phase of the movement was not significant  (F
472 = 1.44 p = 0.25).

INSERT FIGURE 3 HERE
2.4.2 Symmetry ratio

Figure 4 shows the symmetry ratio of the movement phases. The value of 1 in
the Y-axis would show a perfect symmetry between the time spent to accelerate and
decelerate the limb. The ANOVA revealed that this symmetry was not affected by the
amount of elastic load (F7, 2) = 0.51 p> 0.6). On the other hand, the upper arm spends
proportionately more time decelerating, than accelerating the upper arm during the TO
THE TARGET phase (Fu7, 2 = 10.63 p <0.00). Does was no interaction between the
effect of elastic load and movement phase for this variable (F72) = 0.35 p <0.7).

INSERT FIGURE 4 HERE
2.4.3 Movement time

In Figure 5 is shown the total movement time spent to perform the task (MT),
and how much of this total time was spent performing each of the three movement
phases (TO THE TARGET, STATIONARY, FROM THE TARGET) for each elastic
load (EL1, EL2 and EL3). On average, the subjects spent about 10 seconds to
accomplish the task. The ANOVA showed that the amount of elastic load did not affect
the overall execution time of the task (F3, 2) = 3.25 p <0.68).

Another ANOVA revealed an effect of the amount of elastic load at movement
time of each phase (F71, 2) = 4.23 p <0.02). In general, the higher the elastic load, the
less was the time required to perform the task. There was also the effect of movement
phase (F(71,2) = 51.08 p <0.00), and the time spent to perform the STACIONARY phase
was less than the time to perform the other two phases. Also, the time spent TO THE
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TARGET was lesser that the time spent FROM THE TARGET. Finally, there was an
interaction between the two factors (F(71,2 = 3.74 p <0.02). A post-hoc analysis showed
that this interaction occurred because the time difference between the TO and FROM
THE TARGET phases decreased with increasing of the elastic load (p <0.01).

INSERT FIGURE 5 HERE
2.4.4 Amount of electromyography activity

In figure 6 is shown the group average of the EMG activities of the muscles
during the three movement phases. The ANOVA revealed significant effect of elastic
load in the EMG activities of the posterior deltoideus (PD) (F1, 2 = 15.31 p<0.00),
demonstrating that it increased with increasing of the elastic load. This analysis also
revealed that the EMG activities of the posterior deltoideus were greater for the phase
TO THE TARGET, decreasing gradually during the STATIONARY and FROM THE
TARGET phases (F(71,2 = 4.77 p <0.01).

The amount of EMG activity of the anterior deltoideus (AD) was greater for
smaller elastic load, showing a loading effect (F(71, 2) = 12.92 p> 0.00). These activities
were significantly higher during the FROM THE TARGET phase (F1, 2) = 4.46 p>
0.02). The interaction between the two effects was significant (F71,2) = 15.38 p <0.00).
A post-hoc analysis revealed that the amount of EMG activities of anterior deltoideus
was similar during the TO THE TARGET and STATIONARY phases, and was not
affected by the elastic load (p <0.05).

The amount of EMG activity of rectus abdominis (RA) increased with increasing
of the elastic load (F(712 = 5.76 p <0.00) and was not affected by movement phases
(F1,2) = 0.61 p < 0.55). There was no effect of elastic load (F(712> 0.05 p> 0.41) and
movement phases (Fg12 = 0.01 p> 0.94) in the amount of EMG activities of the
multifidus (MU), rectus femoris (RF) and ischio tibial (IT). There was no interaction
between elastic loads and movement phases for the posterior deltoideus, rectus
abdominales, multifidus, rectus femoris and ischio tibial.

INSERT FIGURE 6 HERE
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2.5 Discussion

For the performance of extension movement of the shoulder in the Pilates
Reformer apparatus, the individuals activated concentrically the agonist muscles
(posterior deltoideus). By rotating the upper limb clockwise, the elastic load (spring) is
elongated increasing the resistance against the movement. To accelerate the member
until the target, the activation of the agonist EMG activities was prolonged (Fig. 2 and
6). In the case of two smaller elastic loads, the overall agonist activities decreased
abruptly, at the end of the TO THE TARGET phase. However, for the higher elastic
load, the agonist envelope extended to the end of the STATIONARY phase (Fig. 2).
There is also a small envelope of EMG activity for the posterior deltoideus during the
FROM THE TARGET phase.

How to explain the reduced agonist activities only at the STATIONARY phase
for smaller load? In this phase, the elastic load reaches its highest value (due to the
elongation of the spring), and tends to rotate the upper arm in a counterclockwise
direction (flexion). On target, the member is parallel to the trunk (shoulder at 180°), and
at this position, the horizontal component of line of action of the force, exerted by the
elastic load (see Fx in figure 1 B), passes near the upper arm joints (shoulder and
elbow), reducing the torques that tend to rotate these joints into counterclockwise
direction. However, the torque generated by the higher elastic load must have been
strong enough to rotate the shoulder into flexion, returning the limb back to the starting
position. To counteract this flexor torque, the posterior deltoideus remains activated in
the STATIONARY phase (Fig. 2 and 6), but in an isometric mode of contraction.
Moreover, the absence of EMG activities of antagonist muscle (anterior deltoideus), in
the TO THE TARGET and STATIONARY phase is justified by the flexion action of
the elastic load (Fig. 2 and 6). In other words, during these two phases, the elastic load
act as one antagonistic force, substituting the need for the activation of the anterior
deltoideus.

To accelerate the upper limb back to the starting position, the anterior deltoideus
is activated concentrically, helping the elastic load to accelerate the shoulder into
flexion (Fig. 2 and 6). However, the activation of the anterior deltoideus was necessary
only for the lowest elastic load, demonstrating that the force exerted by the higher
elastic loads were enough to arrest the limb against gravity, back to the starting position.
In this phase FROM THE TARGET the posterior deltoideus remains salient for the
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smallest elastic loads. In this case, the gravitational acceleration plays antagonist rule
that could be played by the extensor muscle.

During the TO and FROM THE TARGET phases the subjects were instructed to
contract the abdominis muscles and exhale, and relaxing these muscles and breathing in
the STATIONARY phase. However, the rectus abdominis remained active throughout
the task, regardless of the phase thereof. These activities of the rectus abdominis
increased with the increasing of the elastic load (Fig. 2 and 6). Throughout the task, the
individuals remain with the knees and hips flexed and parked at 90°. To keep the hip in
this position is required isometric activation of the rectus abdominis (Workman et al,
2008). But how to explain this increased activities of the rectus abdominis with
increasing in elastic load? The focal movement (shoulder) creates interaction torques in
segments connected in chain (i.e., hip), generating postural disturbance in the non-focal
joints (Marconi and Almeida, 2008). Probably, the higher the elastic load, the greater
must have been the disturbance in the trunk due to one increasing in the interaction
torque. This large postural disturbance would require greater activation of the rectus
abdominis to stabilize it, as indeed was observed (Fig. 6).

As demonstrated above, the strategy used by EMG central nervous system to
modulate EMG activities for a simple movement such as flexion and extension of the
shoulder, performed against an elastic load, is much more complex than those described
by Gottlieb (1998) and Mackey (2002). As noted by Gottlieb (1996) and Mackey
(2002), increasing the elastic load increase the demand for the agonist EMG activities
(see the activities of the posterior deltoideus in fig 6). However, the antagonist activities
increase for the lower elastic load (see anterior deltoideus in Fig. 6). Also, the elastic
load can affect the non-focal muscles (see rectus abdominis, fig 6.). A comprehensive
explanation for the strategies used by the Central Nervous System to modulate the EMG
activities of focal and non-focal muscles can be revealed by the analysis of the muscle
and interaction torques and reaction forces that acted in the joints.

The lack of effect of elastic load at the speed of movement (Fig. 3) collaborated
with the observations by Gottlieb (1996) and Mackey (2002). In the study here, this lack
of effect of elastic load at the movement speed could be explained by the instruction
given to the individuals to perform the movement phases at similar time. However,
individuals failed to follow this instruction (Fig. 5), and in special reduced the duration
of the shoulder at the target, regardless of the amount of elastic load. As discussed
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above, the limb is almost parallel to the trunk (Fig. 1) at the STATIONARY position,
reducing the joint torque, but increasing the co-optation at the shoulder joint. The
increased pressure on the shoulder joint may have generated a great deal of discomfort,
due to activation of nerve endings sensitive to pressure. This can explain why the
individuals avoid the STATIONARY position.

Moreover, individuals spent more time FROM THE TARGET than TO THE
TARGET (Fig. 5), revealing that the spring is elongated faster than shortened. This
behavior can be explained by the whiplash effect of the spring, when it is released after
stretching. Thus, the CNS may choose to spend more time during the returning phase,
probably to have more security, avoiding the bullwhip effect that could produce damage
in the joint.

The lack of symmetry in the TO THE TARGET phase, revealed by the
prolongation of the deceleration time of the acceleration (Fig. 2 and 4), may also reveal
a strategy of the CNS to deal with the characteristics of elastic loads. In the initial phase
of FROM THE TARGET Spring offers less resistance, causing the acceleration phase is
reached in a shorter time. In phase of deceleration, the spring (elastic load) offers a
higher resistance, requiring more time to continue being elongated. In the back,
releasing the potential energy accumulated in the spring is enough to shorten it and it is
up to the CNS graduate muscle forces for this turn is made more gradually as possible.
4.1 Clinical Implications

The kinematic and EMG strategies described here for the flexion and extension
shoulder movement performed against elastic load on Reformer apparatus of. Pilates,
will help practicions in their decision making about the best way to use this king of
movement to prevent injury and to promote heath quality. This knowledge will also
help to give better interpretation about the rehabilitation and physical fitness using
Pilates (Rydeard et al, 2006; Touche et al, 2009; Silva et al, 2009a; Savage, 2005,
Gladwell et al, 2006; Donzelli et al, 2006, Fonseca et al, 2009).
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Figure captions

Figure 1: Illustration of the task, showing the subject in the initial position (Fig. A) and
on the target (Fig. B). Note that at the initial position, shoulder, hip and knee were at
90° and at the final position (target) it was at 180°. Shoulder extension was defined as
clockwise. Fx and Fy are, respectively, horizontal and vertical components of the force

of the elastic load.

Figure 2: Time series of the kinematic (angle, velocity and acceleration) (left panel) and
EMG activities of the posterior deltoideus (PD), anterior deltoideus (AD), rectus
abdominis (RA), multifidus (MU), rectus femoris (RF) and lIschio tibial (IT) (right
panel) for movements done against the light (0.021 kgf /mm, thin solid line), moderate
(0.042 kgf /mm, dotted line) and heavy elastic load (0,063 kgf /mm, thick solid line).
The thing vertical lines boundaries the three movement phases (Phl = TO THE
TARGET; Ph2 = STATIONARY, Ph3 = FROM THE TARGET). Ac=acceleration
time, DC=deceleration time. The time is in second, the angle in degrees, speed in
degrees per second, acceleration in degrees per second squared, and EMG is given in

volts.

Figure 3: Time series of the shoulder angle (X axis) is plotted against its speed (Y axis),
for each of the three elastic loads (EL1 left panel, EL2 middle panel, and EL3 right
panel). The phases TO THE TARGET is equivalent to the positive velocity, and the
phase FROM THE TARGET is the negative speed. The movement starts from left and
move to right. IP = initial position, TP = target position. In the figure is shown the third
trial for each of the eight subjects, for each type of load. The angle is given in degrees

and velocity in degrees per second.

Figure 4: Ratio of symmetry: acceleration time divided by deceleration time TO THE
TARGET phase (dotted line, with circle) and FROM THE TARGET phase (solid line,

with triangle) for each of the three elastic loads, described in Figure 2.

Figure 5: Total movement time (MT) spent to perform the task, and how much of that
time was used in performing each of the three phases (TO THE TARGET - the dotted
line, with circle, STATIONARY - dashed line, with square and FROM THE TARGET -
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solid line with triangle) for each elastic load described in Figure 2 (EL1, EL2 and EL3).
The elastic load is given in kilogram force per centimeter (kgf/mm) and movement time
in seconds. Data were obtained from the average of the eight subjects and is presented

with standard error (vertical bar).

Figure 6: Averaged EMG activities across the group of subjects, for each of the muscles
and elastic load described in Figure 2. Elastic light load (solid line, with circle),
moderate (dashed line, with square), and heavy (dotted line, with triangle). The EMG

activity is given in volts.
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3. CONSIDERACOES FINAIS

O método Pilates foi desenvolvido por Joseph Humbertus Pilates, nascido na
Alemanha em 1880. Esse método é caracterizado por um conjunto de exercicios que
visam aumentar a for¢ca muscular e a flexibilidade e sua execucao é baseada em alguns
principios basicos como concentracdo, respiracao, controle, precisdo e fluidez de
movimento.

Considerando a abrangéncia do uso do método na reabilitacdo e a falta de um
arcabouco teodrico e cientifico que descreva 0s exercicios sob o0 ponto de vista
cinesioldgico, este estudo teve como objetivo descrever as estratégias cinematicas e
EMG adotadas durante a execucdo de um movimento de flexdo e extensdo do ombro,
realizado no equipamento Reformer, sob a demanda de diferentes cargas elasticas
(molas).

Os resultados mostraram que 0s sujeitos gastam mais tempo desacelerando na
fase da IDA, para as trés cargas. De um modo geral, pudemos observar que conforme o
aumento da carga elastica menor o tempo que 0 sujeito gasta para executar a tarefa. A
atividade EMG dos mdsculos, deltdide anterior, deltdide posterior e reto abdominis

aumentaram com o incremento da carga elastica.
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5.1 APRENDICE A — Termo de Consentimento Livre e Esclarecido
(TCLE)

Universidade Nove de Julho
Nome do Voluntario:

Endereco:

Telefone para contato: Cidade:
CEP:

E-mail:

As Informacdes contidas neste prontuario foram fornecidas pelos pesquisadores,
Prof. Dr. Gil Lucio Almeida e Livia Alice Ramalho Costa, objetivando firmar acordo
escrito mediante o qual, o voluntario da pesquisa autoriza sua participagcdo com pleno
conhecimento da natureza dos procedimentos e riscos a que se submeterd, com a
capacidade de livre arbitrio e sem qualquer coacgéo.
1. Titulo do Trabalho: “Efeito da carga elastica nas estratégias cinematica e
eletromiogréafica dos movimentos de flex&o-extensdo dos ombros realizados no aparelho
Reformer segundo o Método Pilates”
2. Objetivo: O presente estudo tem como objetivo analizar o exercicio de flexdo e
extensdo do ombro realizado num equipamento de Pilates. Essa analise é baseada nos
movimentos e na atividade muscular.
3. Justificativa: Os exercicios do método Pilates sdo bastante utilizados na reabilitacao,
porém, existem poucos estudos cientificos sobre a sua eficécia.
4. Procedimentos da Fase Experimental: Serdo realizados exercicios em um
equipamento de Pilates (Reformer). Durante a execu¢do do exercicio, 0s movimentos de
algumas articulacdes serdo analisados e a atividade de alguns musculos sera registrada.
A pesquisa sera realizada no Laboratério de Controle Motor (LCM) da Universidade
Nove de Julho.
5. Desconforto ou Riscos Esperados: Os voluntarios ndo serdo submetidos a riscos
durante os procedimentos.
6. Informacdes: O voluntério tem garantia que receberd respostas a qualquer pergunta
ou esclarecimento de qualquer duvida quanto aos procedimentos, riscos beneficios e
outros assuntos relacionados com pesquisa. Também o0s pesquisadores supracitados
assumem o compromisso de proporcionar informacdo atualizada obtida durante o

estudo, ainda que esta possa afetar a vontade do individuo em continuar participando.
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7. Meétodos Alternativos Existentes: A pesquisa citada dispensa qualquer metodo
alternativo.

8. Retirada do Consentimento: O voluntario tem a liberdade de retirar seu
consentimento a qualquer momento e deixar de participar do estudo.

9. Aspecto Legal: Elaborados de acordo com as diretrizes e normas regulamentadas de
pesquisa envolvendo seres humanos atendendo & Resolugdo n.° 196, de 10 de outubro
de 1996, do Conselho Nacional de Satde do Ministério de Saude — Brasilia — DF.

10. Garantia do Sigilo: Os pesquisadores asseguram a privacidade dos voluntarios
quanto aos dados confidenciais envolvidos na pesquisa.

11. Formas de Ressarcimento das Despesas decorrentes da Participacdo na
Pesquisa: N&o havera ressarcimento.

12. Locais da Pesquisa: A pesquisa sera desenvolvida no Laboratorio de Controle
Motor da Universidade Nove de Julho — Uninove, situada na Rua Deputado Salvador
Julianelli,s/n° - Barra Funda - Sdo Paulo-SP.

13. Nome Completo e telefones dos Pesquisadores para Contato: Prof. Dr. Gil
Lucio Almeida, Livia Alice Ramalho Costa (011) 3823-9101.

Consentimento Pds-Informacéo:

Eu, , apos

leitura e compreensdo deste termo de informacdo e consentimento, entendo que a
participacdo do menor, pelo qual sou responsavel, é voluntaria, e que posso sair do
estudo a qualquer momento do estudo, sem prejuizo algum. Confirmo que recebi cépia
deste termo de consentimento, e autorizo a execucdo do trabalho de pesquisa e a

divulgacdo dos dados obtidos neste estudo no meio cientifico,

Sao Paulo, de de 2009.
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5.2 APENDICE B - PRODUCOES DURANTE O MESTRADO

- Publicacdo do artigo: “Efeito do método Pilates na flexibilidade em mulheres
acima de 50 anos”. Revista Fisioterapia Especialidades — Volume 4 — Numero 3 —
Julho/setembro 2009.

1. Publicacdo do texto: “O método Pilates para Terapeutas Ocupacionais”, revista
do Conselho Regional de Fisioterapia de Sdo Paulo. Julho/2009.

2. Publicacdo do artigo: “Tratamento fisioterapéutico de um paciente com
espondilolistese grau 1 através do método Pilates”. Revista Fisio&Terapia,
agosto/2009.

3. Apresentacdo de trabalho no Encontro de Iniciacdo Cientifica da Universidade Nove
de Julho 2009. “Descri¢io dos mecanismos de controle motor e biomecinica do
movimento do ombro realizado no equipamento Reformer segundo o método
Pilates™.

4. Artigo aceito para publicagdo na revista Fisioterapia Brasil. “Método Pilates: Uma
introducio para o seu entendimento cinesiolégico”.

5. Publicagdo do resumo expandido: “Motor Control of the exercise of extension and
flexion of the knee carried through in the Reformer according Pilates Method”. |
Congresso Brasileiro de Eletromiografia e Cinesiologia, Piracicaba 2010.

6. Apresentacdo e publicagdo do resumo expandido: “Analisys of the mechanisms of
motor control adopted during the movement of the shoulder executed in device
reformer with different elastic loads according to Method Pilates”. | Congresso
Brasileiro de Eletromiografia e Cinesiologia, Piracicaba 2010.

7. Apresentacdo e publicacdo do resumo expandido: “The influence of the positioning
of the spring in the mechaninsms of the biomechanic and motor control and during
execution of an exercise Pllates Method”. | Congresso Brasileiro de Eletromiografia e
Cinesiologia, Piracicaba 2010.

OBS: Todos os resumos expandidos foram publicados no Brazilian Journal of Oral
Science.

8. Professora convidada no curso de Pdés Graduacdo Latu Senso em Pilates para
Fisioterapeutas da Universidade Nove de Julho. Turma 1 2010/2011.

9. Submissdo do resumo: “Analise Biomecanica do exercicio de flexdo e extensdo do
tronco no equipamento Cadillac segundo o método Pilates”. 16 th International

WCPT Congress, Amsterdam 2011.
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10. Submissdo do resumo: “Analise do movimento do ombro no equipamento
Reformer segundo o método Pilates”. 16 th International WCPT Congress,
Amsterdam 2011.

11. Submissdo do resumo: “Descri¢io dos mecanismos de controle motor e
biomecéanica durante a execucdo de um exercicio de extensdo e flexdo do joelho
realizado no aparelho Reformer com diferentes cargas elasticas segundo o método
Pilates”. 16 th WCPT Congress, Amsterdam 2011
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Certificamos que o Projeto de pesquisa intitulado DESCRICAO DOS MECANISMOS DE
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SEGUNDO O METODO PILATES sob numero de protocolo 260667 e¢ responsabilidade de LIVIA
ALICE RAMALHO esta de acordo com a Resolucgdo 196/96 do Conselho Nacional de Saude M/S,
de 10/10/96, tendo sido APROVADO pelo Comité de Etica em Pesquisa - UNINOVE.

Sao Paulo, 25 de MAIO de 2009,
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Presidente do Comité de Etica em Pesquisa
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6.2 ANEXO B — CARTA DE SUBMISSAO DO ARTIGO

Elsevier Editorial System(tm) for Journal of Electromyography and Kinesiology
Manuscript Draft

Manuscript Number:

Title: The effect of elastic load on the cinematic and EMG strategies during shoulder flexion and
extension movements performed on apparatus of Pilates Reformer

Article Type: Research Paper (max. 5,000 words)
Keywords: Pilates, kinematics, elastic load
Corresponding Author: Dra. Livia Alice Costa, M.D.
Corresponding Author's Institution: Uninove
First Author: Livia Alice Costa, M.D.

Order of Authors: Livia Alice Costa, M.D.; Livia Alice R Costa, Master Program; Nadia F Marconi,
Pt, Phd; Olavo L Silva, Phd Program.

Abstract: Objectives: This study aimed to describe the EMG and kinematic strategies used by
central nervous system (CNS) during the execution of shoulder flexion and extension
performed against different elastic loads of the Reformer Pilates apparatuns. Methods: Eight
female volunteers participated in this study. They were instructed to perform a task in three
phases (TO THE TARGET, STACIONARY, and FROM THE TARGET) of four second each. The
kinematics of the shoulder were reconstructed using an optical three-dimensional motion
analysis (OPTOTRAK 3020) and EMG activities of major muscles were collected through
surface electrodes (DELSYs). The results showed a complex kinematic and EMG strategies that
could be affect by the amount of elastic load and movement phases for some situations, but not
for others. The results are discussed in terms of the simple rules used to explain the effect of
elastic load on the modulation of the EMG activities and the effect of possible kinetic forces
acting on the joints.

Suggested Reviewers: Daniel M. Corcos
dcorcos@uic.edu
Being an expert in Motor Control.

Mark Latash

miill@psu.edu
Being an expert in Motor Control.

40



6.3 ANEXO C- ROTINA MATEMATICA PARA
PROCESSAMENTO DOS DADOS CINEMATICOS E
ELETROMIOGRAFICOS

%%%%%6%% %% %% % %% %% %% %% %% %% %% %% %% % %% %% % %% % % %%
%%%%%6%% %% %% %% %% %% % %% %% %% %% %% %% %% %% % %%

% “Efeito da carga elastica nas estratégias cinematica e eletromiografica dos
movimentos de flexdo-extensdo dos ombros realizados no aparelho reformer

segundo o método Pilates”

% Mestrando: Livia Alice Ramalho Costa

%%%% %% %% %% %% %% %% %% %% % %% % %% %% %% %% % %% % %% %% %%
%%%%%%%% % %% %% %% %% %% %% %% % %% % % %% % % %% % %%

% Autor: Olavo Luppi Silva (olavo.luppi@uol.com.br) | 2010

% Este arquivo destina-se a filtrar e imprimir os dados de EMG e cinematica
% do estudo realizado em um arquivo texto ASCII.

% DADOS DE ENTRADA:

% Arquivo: EMG$#0??.ABC

% Arquivo com os dados de eletromiografia de 8

% mA?sculos coletados a 1000Hz, durante 0 exercicio proposto

% onde ?? A© o nA°mero da tentativa.

%

% Arquivos: CMV$#0??.ABC a CMV$#0??.ABC

% 8 arquivos onde estA£o registrados os dados de

% eletromiografia de 8 mAsculos, em que cada um deles

% representa a ContraA8A£o VoluntAjria MAjxima de cada um dos 8
% musculos.

%

% Arquivo: REL$#0??.ABC

% Arquivo onde estAj registrado a eletromiografia dos 8 mA2sculos
% em estado relaxado.

%
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% Arquivo: XYZ$#0??.ABC
% Arquivo onde estA£o registradas as trajetAsria x,y,z de 6
% marcadores medidos pelo sistema Optotrak

% CONFIGURACOES DO MATLAB
clc
clear

close all

set(0,'Units','pixels");
scrensize = get(0,'ScreenSize"); % Pega o tamanho da tela em pixels
borderwidth = 5;
topbdwidth = 30;
posl = [borderwidth, ...% dist entre lado esquerdo da tela e o lado esquerdo da figura
2/3*scrensize(4) + borderwidth, ... % distancia entre lado inferior da tela e canto
inferior esquerdo da figura
scrensize(3) - 2*borderwidth, ... % largura da figura
scrensize(4)/2 - (topbdwidth + borderwidth)]; % algura da figura
pos2 = [borderwidth, ...% dist entre lado esquerdo da tela e o lado esquerdo da figura
2/3*scrensize(4) + borderwidth, ... % distancia entre lado inferior da tela e canto
inferior esquerdo da figura
scrensize(3) - 2*borderwidth, ... % largura da figura
scrensize(4)*0.8 - (topbdwidth + borderwidth)]; % algura da figura

% CONFIGURACOES: (verificar o valor das variaveis abaixo e alterar se for preciso)

NM = 6; % Numero de musculos

samplerate_emg = 1000; % Frequencia de aquisicao do EMG (Hz)
samplerate_xyz = 100; % Frequencia de aquisicao do Optotrack (Hz)
grupo_muscular = 1; % Define que grupo muscular sera analisado.
flag_mvc = 0; % Digite 1 para calcular e plotar todos os graficos de

analise do MVC e 0 para apenas calcular o MVC
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flag_amim =0;

para nao plotar

flag_emg =1,

plotar
flag_cinematica_angular = 1;
0 para nao plotar
flag_cinematica_linear = 1;
para nao plotar

flag_notch = 0;

% Digite 1 para plotar a animacao do movimento, e 0

% Digite 1 para plotar o EMG do exercicio, e 0 para nao

% Digite 1 para plotar o angulo das articulacoes, e

% Digite 1 para plotar o angulo das articulacoes, e 0

% Digite 1 para filtrar EMG com Filtro Notch ou 0 para

filtragem apenas com Butterworth.

canais emg=[123678];
utilizados na coleta do EMG
delimitador_decimal = 1;
delimitaA§A£o por virgula

% Define os canais do eletromiAsgrafo que foram

% Digite 1 para delimitaA§A£o por ponto, 2 para

% Definicao dos pontos dos marcadores

A(1).pontos = 'Ombro’;
A(2).pontos = 'Punho’;
A(3).pontos = 'Quadril’;
A(4).pontos = 'Joelho’;
A(5).pontos = Tornozelo';

A(6).pontos = 'Carrinho do Reformer’,
A(7).pontos = 'Barra do Cadillac’;

if grupo_muscular ==

A(1).nome_musc = 'Deltoide Anterior'’; % Nome do primeiro musculo

A(2).nome_musc = 'Deltoide Posterior"; % Nome do segundo musculo

A(3).nome_musc = 'Reto Abdominal’; % Nome do terceiro musculo

A(4).nome_musc = 'Multifido'; % Nome do quarto musculo

A(5).nome_musc = 'Reto Femoral’; % Nome do quinto musculo

A(6).nome_musc = 'Isquio Tibial’; % Nome do sexto musculo
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A(1).sigla_musc = 'da’; % Sigla do primeiro musculo
A(2).sigla_musc = 'dp'; % Sigla do segundo musculo
A(3).sigla_musc = 'ra’; % Sigla do terceiro musculo
A(4).sigla_musc ='mu’; % Sigla do quarto musculo
A(5).sigla_musc = 'rf'; % Sigla do quinto musculo

A(6).sigla_musc ="it"; % Sigla do sexto musculo

elseif grupo_muscular ==

A(1).nome_musc = 'Flexor da Cabeca (esternocleido)’; % Nome do primeiro
musculo

A(2).nome_musc = 'Extensor da Cabeca (trapezio, fibras desc.)’; % Nome do
segundo musculo

A(3).nome_musc = 'Deltoide Anterior’; % Nome do terceiro musculo

A(4).nome_musc = 'Deltoide Posterior'; % Nome do quarto musculo

A(5).nome_musc = "Triceps Braquial’; % Nome do quinto musculo

A(6).nome_musc = 'Biceps Braquial’; % Nome do sexto musculo

A(1).sigla_musc = 'fc'; % Sigla do primeiro musculo
A(2).sigla_musc = 'ec’; % Sigla do segundo musculo
A(3).sigla_musc = 'da’; % Sigla do terceiro musculo
A(4).sigla_musc = 'dp"; % Sigla do quarto musculo
A(5).sigla_musc = 'tb"; % Sigla do quinto musculo

A(6).sigla_musc = 'bb’; % Sigla do sexto musculo

else
disp(‘'grupo_muscular deve ter um valor de 1 ou 2!!")
break

end
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% DEFINIA}A fO DE ARQUIVOS E DIRETORIOS:
% Diretorio de gravacao dos dados emg

dir_output = 'c:/mestrado/pilates/theo/dados/07_daniead/output/’;

% EMG do movimento
dir_emg = 'c:/mestrado/pilates/theo/dados/07_daniead/emg/;
file_emg = 'EMG$#021.ABC";

% CINEMATICA do movimento
dir_xyz = 'c:/mestrado/pilates/theo/dados/07_daniead/xyz/";
file_xyz = 'XYZ$#021.ABC';

% EMG em ContraASA£o VoluntAjria Maxima

dir_mvc = 'c:/mestrado/pilates/theo/dados/07_daniead/mvc/,
A(1).file_mvc = 'EMG$#006.ABC'; % MVC do primeiro musculo
A(2).file_mvc = 'EMG$#008.ABC'; % MVC do segundo musculo
A(3).file_mvc = 'EMG$#002.ABC'"; % MVC do terceiro musculo
A(4).file_mvc = 'EMG$#004.ABC'; % MVC do quarto musculo
A(5).file_mvc = 'EMG$#004.ABC'; % MVC do quinto musculo
A(6).file_mvc = 'EMG$#010.ABC'"; % MVC do sexto musculo

% CARREGANDO OS DADOS:
tentativa = file_xyz(6:8);
disp(ANALISE DA TENTATIVA: ' tentativa));

disp(" );

disp(['Selecionando dados da EMG... Arquivo: ' file_emgq])
[header,emg] = hdrload([dir_emg file_emg]);

disp(['Selecionando coordenadas X, Y e Z.... Arquivo: 'file_xyz])
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[header,xyz] = hdrload([dir_xyz file_xyz]);

dISp('::::::::::::MVC::::::::::::::::‘)
for i=1:NM
disp(['Carregando dados MVC do musculo: ' A(i).nome_musc "..." '| Arquivo: "'

A(i).file_mvc])
[header,A(i).MVC_bruto] = hdrload([dir_mvc A(i).file_mvc]);

end

%------------- Analizando MVC m-mmmmmmmees

% Esta rotina calcula o valor da contracao voluntAjria mAjxima mA®©dia para um

% perA-odo de 2000 frames e compara 0 EMG de cada mA°sculo durante o

% exercA-cio com o sinal da contraA§A£o voluntaria mAjxima.

% Define estrutura com a sigla dos musculos e os dados de mvc.

array_mvc = struct( 'sigla’,{A(1).sigla_musc, A(2).sigla_musc, A(3).sigla_musc,

A(4).sigla_musc, A(5).sigla_musc, A(6).sigla_musc},...
‘dados',{A(1).MVC_bruto, A(2).MVC_bruto, A(3).MVC_bruto,

A(4).MVC_bruto, A(5).MVC_bruto, A(6).MVC_bruto});

% Calcula o mvc e plota os graficos (opcional)
[MVC] = analiza_mvc(emg,array_mvc,flag_mvc);

%REL = REL",
emg =emg’;
% ---=-=---- Trabalhando os dados ELETROMIOGRA?FICOS (EMG) -----=-=-=====nn==--

if flag_notch ==
[ time_emg, musc ] = filtro_notch( emg',canais_emg+1,A,samplerate_emg);

else

46



[ time_emg, musc ] = filtra_emg( emg,canais_emg+1); % O 20 argumento define
quais colunas sao usadas de fato do arquivo EMG$%xxx.ABC.
% lIsso A© importante quando algum canal da
eletromiografia nA£o estA;j funcionando
End

% Chamando a funcao que filtra dos dados:

[ time_xyz, XYZ ] = filtra_xyz( xyz );

% Chamando a funcao que calcula a cinematica linear:
[XYZp, XYZpp] = cinematica_lin(time_xyz,XYZ);

% Chamando a funcao que calcula a cinematica absoluta:
[ABSp, ABSpp] = cinematica_abs(XYZp,XYZpp,2D";

% Chamando a funcao que calcula a cinematica angular:
[ANG, ANGp, ANGpp] = cinematica_ang(time_xyz, XY Z);

% Salvando cinematica angular da barra em uma nova variavel:
ang_barra = ANG(:,5);

vel_barra = ANGp(:,5);

acel_barra = ANGpp(:,5);

% Salvando coord Y do ombro em uma nova variavel:
Y_ombro = XYZ(:,1*3+2);

Yp_ombro = XYZp(:,1*3+2);

Ypp_ombro = XYZpp(:,1*3+2);

% Plotando os graficos de EMG
if flag_emg ==
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plota_emg(grupo_muscular,time_emg,time_xyz,musc,A,Y_ombro,XYZ)

end

if flag_cinematica_angular ==
plota_cinematica_angular(pos2,time_xyz, ANG,ANGp,ANGpp)
end

if flag_cinematica_linear ==
plota_cinematica_linear(posl,time_xyz, XYZ,XYZp,XYZpp,A)
end

% Mostra animacao do movimento:

if flag_amim ==
animacao_movimento(time_xyz,XYZ,A,'2D")

end

% Marcacao dos pontos:

pontos = identifica_pontos_manual(time_xyz,Y_ombro,Yp_ombro,Ypp_ombro);

% Integracao da EMG:

emg_integrada = integracao_atividade musc(pontos,musc,time_emg,time_xyz);
% Exportacao dos resultados em arquivo .txt

exporta_dados(dir_output,tentativa,time_xyz,Y_ombro,Yp_ombro,Ypp_ombro,ANG,A
NGp,ANGpp,musc,MVC,emg_integrada,pontos,delimitador_decimal)

48



