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RESUMO

Analisar o efeito dos padrdes pélvicos do conceito de Facilitacdo Neuromuscular
Proprioceptiva (conceito FNP) nos musculos do assoalho pélvico (MAP), bem como o
comportamento eletromiografico dos musculos sinérgicos ao assoalho pélvico em
mulheres jovens e saudaveis. Estudo transversal, realizado com 31 mulheres de 18 a
35 anos, média de idade 23.3 (IC 95% 22.1-24.4) anos. O complexo muscular
transverso do abdémen/obliquo interno (TrA/Ol) direito, gracil bilateral e os MAP,
representados pelo musculo esfincter anal externo (EAE) foram monitorizados por
eletromiografia de superficie (SEMG) durante a execucéo da técnica combinagéo de
isotdbnicas nos quatro padrbes pélvicos do conceito FNP: antero-elevagdo (AE),
postero-depressao (PD), antero-depressdo (AD) e postero-elevagdo (PE). Foram
realizadas trés repeticdes com intervalos de dois minutos entre elas. Para analise do
sinal eletromiografico foi extraida uma época de 500ms ajustado ao valor central e
analisada a amplitude Root Mean Square. Teste ANOVA de duas vias com medidas
repetidas foi utilizado para verificar a diferenca de média entre os tipos de contragéo
da técnica, padrbes pélvicos e atividade mioelétrica dos musculos TrA/Ol e gracil
bilateral em relagdo a atividade mioelétrica dos MAP, utilizando o software Statistical
Package for Social Sciences e intervalo de confianga 95%. Nao houve diferenga
estatistica entre os padrdes pélvicos em relagéo a atividade mioelétrica do assoalho
pélvico. Porém, houve efeito da técnica combinacdo de isotdnicas sobre os MAP
quando comparado ao baseline [F (1.6, 48.2) = 71.5; p<0.000], com grande magnitude
de efeito (Partial n* = 0,705), mostrando que as contra¢gdes concéntricas (22.4pV +
1.1), isométricas (17.3uV % 0.6) e excéntricas (15uV + 0.5) da técnica combinagéo de
isotdbnicas aumentam a atividade dos MAP quando comparado ao baseline (10.8uV *
0.4) em todos os padrdes pélvicos. Ao analisar o comportamento eletromiografico dos
musculos sinérgicos ao assoalho pélvico, a ANOVA de duas vias com medidas
repetidas mostrou que ha efeito isolado do tipo de contracdo, padrao pélvico do
conceito FNP e musculos sinérgicos sobre a atividade mioelétrica do esfincter anal
externo, bem como ha efeito da interacao dos trés fatores anteriores sobre a atividade
mioelétrica do esfincter anal externo [F (3.2, 96.5) = 5.6; p<0.000], com grande
magnitude de efeito (Partial n> = 0.15). Nos quatro padrdes pélvicos do conceito FNP

foi observado que no padrdo AE os musculos TrA/Ol e gracil esquerdo apresentam



sinergia em fase com o musculo EAE em todos os tipos de contragdo (p<0,00), sendo
o maior nivel de atividade encontrado nas contragdes concéntricas, um
comportamento que se mostrou repetitivo nos demais padrdes estudados. No padrao
AD observou-se uma menor atividade eletromiografica do musculo gracil direito em
relagdo ao EAE em todas as contragdes (p<0,00) e um aumento de atividade do
musculo gracil esquerdo, porém sem diferenca estatistica em relagdo ao EAE. No
entanto, nos padrdes posteriores (PE e PD), evidenciou-se diminuigdo do nivel de
atividade de todos os musculos (p<0,01), com excecdo do musculo EAE que manteve
o mesmo nivel de atividade em todos os padrdes. A atividade eletromiografica dos
musculos do assoalho pélvico aumenta em todos os padrdes pélvicos, sem diferenca
estatistica entre eles. No entanto, ha efeito da técnica combinacao de isotdnicas sobre
os MAP quando comparado ao baseline, sendo a contragdo concéntrica a que
apresenta maior atividade. Porém, no padrdo AE os musculos TrA/Ol e gracil
esquerdo apresentam sinergia em fase com os MAP e nos padrdes posteriores (PE e
PD) houve diminuigdo do nivel de atividade de todos os musculos sinérgicos, sem
alterar o nivel de atividade dos MAP. Dessa forma, os padrdes pélvicos do conceito
FNP podem ser usados para aumentar o recrutamento dos MAP em mulheres jovens

e saudaveis.

Palavras-chave: eletromiografia; diafragma da pelve; musculos abdominais;
exercicios de alongamento muscular; facilitagdo neuromuscular proprioceptiva;

controle motor; modalidades de fisioterapia.



ABSTRACT

To analyze the effect of pelvic patterns of the Proprioceptive Neuromuscular
Facilitation (PNF-concept) concept on the pelvic floor muscles (PFM), as well as the
electromyographic behavior of the synergistic pelvic floor muscles in healthy young
women. Cross-sectional study, carried out with 31 women aged 18 to 35 years, mean
age 23.3 (22.1-24.4; 95% CI). The right transverse abdominal/internal oblique (TrA/IO)
muscle complex, bilateral gracilis, and PFM, represented by the external anal sphincter
(EAS) muscle, were monitored by surface electromyography (sEMG) during the
performance of the combination of isotonics technique in the four PNF-concept pelvic
patterns: anterior-elevation (AE), posterior-depression (PD), anterior-depression (AD)
and posterior-elevation (PE). Three repetitions were performed with two-minute
intervals between them. For analysis of the electromyographic signal, a time of 500ms
adjusted to the central value was extracted and the Root Mean Square amplitude was
analyzed. A two-way ANOVA test with repeated measures was used to verify the mean
difference between the types of contraction of the technique, pelvic patterns, and
myoelectric activity of the TrA/IO and bilateral gracilis muscles in relation to the
myoelectric activity of the PFM, using the Statistical Package software for Social
Sciences and 95% confidence interval. There was no statistical difference between
pelvic patterns regarding pelvic floor myoelectric activity. However, there was an effect
of the combination of isotonics technique on the PFM when compared to the baseline
[F (1.6,48.2) =71.5; p<0.000], with large effect magnitude (Partial n? = 0.705), showing
that the concentric (22.4pV £ 1.1), isometric (17.3uV  0.6) and eccentric (15uV £ 0.5)
contractions of the combination of isotonics technique increase the PFM activity when
compared to baseline (10.8uV + 0.4) in all pelvic patterns. By analyzing the
electromyographic behavior of the muscles synergistic to the pelvic floor, two-way
ANOVA with repeated measures showed there is the isolated effect of the type of
contraction, the pelvic pattern of the PNF concept, and the synergistic muscles on the
myoelectric activity of the external anal sphincter, as well as the effect of the interaction
of the three above factors on the myoelectric activity of the external anal sphincter [F
(3.2, 96 .5) = 5.6; p<0.000], with a large magnitude of effect (Partial n> = 0.15). In the
four pelvic patterns of the PNF-concept, it was observed that in the AE pattern, the
TrA/IO and left gracilis muscles present in-phase synergy with the EAS muscle in all
types of contraction (p<0.00), with the highest level of activity found in concentric



contractions, a behavior that proved to be repetitive in the other patterns studied. In
the AD pattern, a lower electromyographic activity of the right gracilis muscle was
observed in relation to the EAS in all contractions (p<0.00) and an increase in the
activity of the left gracilis muscle, but without statistical difference in relation to the EAS.
However, in the posterior patterns (PE and PD), there was a decrease in the activity
level of all muscles (p<0.01), with the exception of the EAS muscle, which maintained
the same activity level in all patterns. The electromyographic activity of the pelvic floor
muscles increases in all pelvic patterns, with no statistical difference between them.
However, there is an effect of the combination of isotonics technique on the PFM when
compared to the baseline, with the concentric contraction being the one with the
highest activity. However, in the AE pattern, the TrA/IO and left gracilis muscles
present synergy in phase with the PFM, and in the posterior patterns (PE and PD)
there was a decrease in the activity level of all synergistic muscles, without changing
the activity level of the PFM. Thus, PNF-concept pelvic patterns can be used to
increase PFM recruitment in healthy young women.

Keywords: electromyography; pelvic floor muscles; abdominal muscles; muscle
stretching exercises; proprioceptive neuromuscular facilitation; motor control;

physiotherapy modalities.
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1 APRESENTAGAO

Esta tese estd vinculada a Area de Concentragdo “Neurociéncias” do
Programa de P6s-graduagéo em Neuropsiquiatria e Ciéncias do Comportamento
da Universidade Federal de Pernambuco (UFPE) e ao grupo de pesquisa
“Neurofisioterapia Clinica e Experimental”.

A pesquisa foi realizada no Laboratério de Aprendizagem e Controle
Motor (LACOM) em parceria com o Laboratério de Cinesiologia e Avaliagcédo
Funcional (LACAF) do departamento de Fisioterapia da UFPE.

Baseando-se na neurofisiologia, na filosofia do conceito FNP e nos
estudos publicados com pacientes que apresentam disfungdes neuroldgicas e
reumatologicas, diversos profissionais tém especulado que os principios e
procedimentos desse conceito podem ser aplicados em outras disfungdes, como
por exemplo, pacientes com disfungdes uroginecoldgicas. No entanto, até o
momento ndo existem evidéncias que comprovem essa aplicabilidade. Visto
isso, o interesse pelo tema surgiu a partir da inexisténcia de estudos que avaliem
os efeitos de padrdes especificos do conceito FNP no recrutamento dos
musculos do assoalho pélvico, avaliando com medidas objetivas as mudancgas
eletrofisiologicas que acontecem no musculo.

Este conceito de tratamento é fundamentado em principios de
controle motor e aprendizagem motora, a fim de otimizar ganhos funcionais,
utilizando principios e procedimentos em técnicas especificas. Dentre os
procedimentos estdo os padrées de movimentos realizados na diagonal e a
irradiacdo (SMEDES; HEIDMANN; SCHAFER; FISCHER et al., 2016).

Os padrées do conceito FNP utilizam movimentos tridimensionais,
combinando movimentos nos trés planos e assim se assemelhando a
movimentos funcionais. Movimentos mais complexos aumentam o recrutamento
neural e melhoram o controle motor e a eficiéncia do movimento (ADLER;
BECKERS; BUCK, 2014; MOREIRA; LIAL; TELES MONTEIRO; ARAGAO et al.,
2017).

Outro procedimento € a irradiagao, fendbmeno descrito desde 1906 por
Sherrington, considerando como uma deflagragdo de respostas reflexas em

torno de um musculo alvo capaz de provocar contragdo de musculos sinérgicos
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(SHERRINGTON, 1906). Este procedimento normalmente €& usado para
potencializar a forca muscular em resposta a uma resisténcia manual oferecida,
aumentando a atividade muscular e o numero de unidades motoras recrutadas
(HWANG; PARK, 2017; SMEDES; HEIDMANN; SCHAFER; FISCHER et al.,
2016). Dessa forma, supde-se que padrdoes de movimento da pelve sdo capazes
de recrutar os musculos do assoalho pélvico através de sinergia muscular.

A partir de uma revisdo das evidéncias disponiveis sobre o conceito
FNP e o estudo detalhado do conceito, este projeto foi desenvolvido com o intuito
de analisar os efeitos dos padrdes pélvicos do conceito FNP no recrutamento
dos musculos do assoalho pélvico (MAP), bem como o comportamento
eletromiografico dos musculos considerados sinérgicos aos MAP. Por se tratar
de um estudo original foram necessarios varios testes preliminares para
estabelecer o melhor protocolo de avaliagdo, testando posicionamento da
voluntaria, posicionamento dos eletrodos e grupos musculares que deveriam ser
avaliados durante a execug¢ao da técnica. ApoOs essa etapa de testes e
treinamento, foi estabelecido o protocolo final, o qual esta descrito na sessao
método.

Ademais, a elaboracdo desta tese atendeu as normas vigentes do
Programa de P6s-Graduacgao Strictu Sensu em Neuropsiquiatra e Ciéncias do
Comportamento da Universidade Federal de Pernambuco (UFPE).

Os dados obtidos resultaram em quatro artigos relacionados a esta tese,
sendo duas revisdes e dois artigos originais:

e “Techniques for registration of myoelectric activity of women’s pelvic floor
muscles: a scoping review protocol” foi publicado na revista JBI Evidence
Synthesis.

e “Techniques for registration of myoelectric activity of women’s pelvic floor
muscles: a scoping review”, em fase de analise pela revista JBI Evidence
Synthesis.

o “Electromyographic analysis of pelvic floor muscles during the execution
of pelvic patterns of proprioceptive neuromuscular facilitation-concept: an
observational study”, submetido ao periddico Neurourology and
Urodynamics.
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“Electromyographic analysis of transversus abdominis/internal oblique
muscles during the execution of pelvic patterns of proprioceptive

neuromuscular facilitation”, publicado na revista Avangos em Medicina.

Ainda, trés orienta¢des de trabalhos de conclusido de curso de discentes

de Fisioterapia da Universidade Federal de Pernambuco e uma pesquisa de

Iniciagao Cientifica foram realizadas durante esse periodo de pesquisa, bem

como resumos apresentados em eventos cientificos.

Como producao cientifica no decorrer do doutorado, oito artigos foram

produzidos e publicados em coautoria, vinculadas ao mesmo grupo de pesquisa:

“Cervical musculoskeletal disorders in patients with temporomandibular
dysfunction: A systematic review and meta-analysis”, publicado no
periodico Journal of Bodywork and Movement Therapies Home,
disponivel em: https://doi.org/10.1016/j.jomt.2020.05.001

“Physical therapeutic treatment for traumatic brachial plexus injury in
adults: A scoping review”, publicado na revista Physical medicine and
rehabilitation (PM&R), disponivel em: https://doi.org/10.1002/pmrj. 12566
“‘Brain changes in magnetic resonance imaging in subjects with pain
catastrophizing: A systematic review”, publicado na revista Neurology and
Neurosurgery, disponivel em: https://doi.org/10.15761/NNS.1000117

“The effect of smoking on orofacial pain and temporomandibular
dysfunction: an integrative review”, publicado no periodico International
Journal of Physiatry, disponivel em: https://doi.org/10.23937/2572-
4215.1510016

“Estrategias terapéuticas na fungdo sexual de homens com les&o medular
traumatica”, publicado na revista Cadernos de Naturologia e Terapias
Complementares, disponivel em:
https://doi.org/10.19177/cntc.v7e13201829-38

“Associagdo entre sintomas depressivos e disfungcdo sexual em homens
com lesdo medular traumatica”, publicado na revista ABCS health
sciences, disponivel em: https://doi.org/10.7322/abcshs.v44i3.1147

“Alteracbes de funcionalidade de mulheres migranosas”, publicado na
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revista HEADACHE MEDICINE, disponivel em:
https://doi.org/10.48208/HeadacheMed.2018.20

o “Categorias da CIF comprometidas na migranea”, publicado na revista
HEADACHE MEDICINE, disponivel em:
https://doi.org/10.48208/HeadacheMed.2018.19

Em anexos, disponho as producdes cientificas que foram relacionadas ao

desenvolvimento desta tese de doutorado.
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2 INTRODUGAO

Controle motor é definido como a habilidade de regular ou direcionar os
mecanismos essenciais para 0 movimento humano e depende de uma estrutura
de funcionamento complexo (SHUMWAY-COOK; WOOLLACOTT, 2014). Dois
fatores sdo essenciais para o controle motor do movimento, o numero de graus
de liberdade presentes no corpo humano, ou seja, a possibilidade de realizag&o
do movimento em diferentes planos e eixos corporais a fim de realizar uma unica
tarefa e a ativagdo de varios grupos musculares para realiza-la (SHARIF
RAZAVIAN; GHANNADI; MCPHEE, 2019).

A complexidade da ativacdo de varios musculos para cada movimento
corporal é reduzida através das sinergias musculares e depende da interagéo de
areas espinais e supraespinais (SOECHTING; LACQUANITI, 1989). A
organizacdo do movimento pela interagdo desses sistemas melhora o
desempenho da tarefa a ser executada e, as mudangas que acontecem nesse
processo sao aprendidas durante processos adaptativos, gerando
comportamentos motores que ficam retidos produzindo padrées de sinergias
musculares. Essa é uma estratégia para diminuir a agdo do sistema nervoso,
proporcionando menor gasto energético para melhorar o desempenho e deixar
a resposta mais efetiva (SOECHTING; LACQUANITI, 1989; ZANDVOORT; VAN
DIEEN; DOMINICI; DAFFERTSHOFER, 2019).

O comportamento motor pode ser influenciado pela experiéncia, o que faz
com que o individuo desenvolva respostas antecipatérias ao estimulo como uma
acao pre-programada do sistema nervoso central (BORTOLETTO;
CUNNINGTON, 2010; CUNNINGTON; WINDISCHBERGER; DEECKE;
MOSER, 2002; PISCITELLI; FALAKI; SOLNIK; LATASH, 2017; TING; MCKAY,
2007). Esse mecanismo antecipatorio acontece também nos musculos do
assoalho pélvico (MAP), sendo ativados previamente em resposta ao aumento
de pressao abdominal ou para manutencdo da estabilidade postural. Esse
sinergismo abdomino-pélvico ja esta bem estabelecido na literatura (HODGES;
RICHARDSON, 1997; HODGES; SAPSFORD; PENGEL, 2007; JUNGINGER;
BAESSLER; SAPSFORD; HODGES, 2010).

Além de auxiliar no controle postural, os MAP, localizados na borda inferior
da cavidade abdominal, exercem fungédo importante na sustentagado dos 6rgaos
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pélvicos, manutencdo da continéncia urinaria e fecal, contribuindo também na
fungéo sexual (EICKMEYER, 2017b). Um dado importante a considerar € que a
maioria das mulheres ndo tem conhecimento dessa musculatura e
consequentemente, ndo tem percepcao de contracdo, contribuindo assim para o
aparecimento das disfungdes do assoalho pélvico. Cerca de 60% das mulheres
em algum momento da vida apresentarao disfungdes relacionadas as estruturas
que compdem o assoalho pélvico, provocadas pelo desequilibrio anatémico e
funcional dessas estruturas (KEPENEKCI; KESKINKILIC; AKINSU; CAKIR et al.,
2011).

Tendo em vista a importancia para fungdes fisioldgicas e posturais, utilizar
uma avaliagao clinica detalhada associada a ferramentas confiaveis para avaliar
quantitativamente esse grupo muscular faz-se necessario. A eletromiografia de
superficie (SEMG) é uma ferramenta que avalia a excitagdo de unidades motoras
presentes nos musculos, sendo capaz de quantificar o comportamento do
sistema neuromuscular (BOONSTRA; BREAKSPEAR, 2012; TABORRI;
PALERMO; PRETE; ROSSI, 2018; VIGOTSKY; HALPERIN; LEHMAN;
TRAJANO et al., 2018). No assoalho pélvico, a sEMG é capaz de predizer
mudangas no funcionamento muscular, consistente com diagndstico clinico
referente a sintomas ou disfuncdes uroginecoldgicas. E uma ferramenta que
apresenta boa confiabilidade e, por esse motivo, amplamente utilizada em
pesquisas cientificas e na pratica clinica (GRAPE; DEDERING; JONASSON,
2009; MORETTI; DE MOURA FILHO; DE ALMEIDA; ARAUJO et al., 2017).

Estudos eletromiograficos deixam evidentes a coativacdo dos musculos
abdominais durante as contragbes dos MAP, mas existem controvérsias quanto
a sinergia com musculos adutores do quadril e gluteo maximo (AMORIM;
CACCIARI; PASSARO; SILVEIRA et al., 2017; HALSKI; SLUPSKA; DYMAREK;
BARTNICKI et al., 2014; HWANG; PARK, 2017; PTASZKOWSKI; PAPROCKA-
BOROWICZ; SLUPSKA; BARTNICKI et al., 2015). Sugere-se que o sinergismo
da musculatura abdomino-pélvica esta relacionado ao controle esfincteriano,
pois a contracdo associada aumenta a pressao de fechamento uretral em
situacdes de aumento de pressao intra-abdominal (MADILL; MCLEAN, 2006).
Dessa forma, é extremamente importante manter essa musculatura funcional,

preservando a forca, resisténcia e flexibilidade muscular.
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Com o objetivo de melhorar a forga e potencializar ganhos musculares,
para o treinamento muscular do assoalho pélvico (TMAP) s&o utilizados
diferentes recursos fisioterapéuticos como, eletroestimulagdo, cinesioterapia
pélvica e biofeedback (WALLACE; MILLER; MISHRA, 2019). No entanto,
existem algumas situagdes que o individuo apresenta dificuldade em realizar a
contracdo correta dos MAP ou nao apresenta boa aceitabilidade com os recursos
propostos. Nesse caso, uma abordagem de tratamento indireto pode ser uma
opgao.

Nesse contexto, a Facilitagdo Neuromuscular Proprioceptiva (conceito
FNP) emerge como uma possibilidade terapéutica, tendo em vista que € um
conceito de tratamento bastante utilizado para aumentar o desempenho do
sistema musculoesquelético, através de estimulos musculares, proprioceptivos
e exteroceptivos, integrando principios de controle e aprendizagem motora
(ADLER; BECKERS; BUCK, 2014; SMEDES; HEIDMANN; SCHAFER;
FISCHER et al., 2016).

O conceito FNP utiliza diferentes principios e procedimentos em técnicas
especificas. Dentre os procedimentos estdo os padrboes de movimentos
realizados na diagonal e a irradiagdo. Os padrdes do conceito FNP combinam
movimentos nos trés planos, se assemelhando a movimentos funcionais. A
sequéncia de movimentos mais complexos aumenta o recrutamento neural e
melhora o controle motor e a eficiéncia do movimento (ADLER; BECKERS;
BUCK, 2014; MOREIRA,; LIAL; TELES MONTEIRO; ARAGAO et al., 2017).

O procedimento de irradiacéo € utilizado pelo conceito FNP com o intuito
de estimular a excitabilidade de motoneurdénios em resposta a uma resisténcia
manual. Ha o aumento da atividade muscular e do numero de unidades motoras
recrutadas, potencializando a forga ndo apenas no musculo alvo, mas também
em musculos sinérgicos (ADLER; BECKERS; BUCK, 2014; KABAT; KNOTT,
1953).

Com uma abordagem baseada na neurofisiologia, o conceito FNP tem
sido utilizado na reabilitagdo de desordens neurologicas e musculoesqueléticas
promovendo a recuperagao funcional dos pacientes, utilizando principios e
procedimentos em técnicas especificas para melhorar a eficacia do movimento,
podendo estar associado a padrbes de movimentos em diagonal, como os
padrdes  pélvicos (AREEUDOMWONG; WONGRAT; NEAMMESRI;
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THONGSAKUL, 2017; SHARMA; KAUR, 2017; SMEDES; HEIDMANN;
SCHAFER; FISCHER et al., 2016). No entanto, ndo existem estudos que

analisem o efeito dos padrbes pélvicos do conceito FNP nos musculos do

assoalho pélvico. Considerando o exposto e que a maioria das mulheres nao

tem percepgao de contragdo dos MAP, reforgar uma abordagem de tratamento

indireto baseado em principios de sinergia e controle motor pode ser uma

alternativa para essas pacientes.

2.1

211

21.2

OBJETIVOS
A seguir, os objetivos gerais e especificos, que norteiam o trabalho.

Objetivo Geral

Analisar os efeitos dos padrdes pélvicos do conceito FNP no recrutamento

de fibras musculares do assoalho pélvico em mulheres saudaveis.
Objetivos Especificos

Descrever as caracteristicas sociodemograficas e clinicas da amostra
analisada.

Analisar o comportamento eletromiografico dos musculos sinérgicos ao
assoalho pélvico (TrA/Ol e adutores do quadril) durante a execugéo dos
padrdes pélvicos do conceito FNP em mulheres saudaveis;

Verificar quais padrdes pélvicos do conceito FNP tém melhor efeito no

recrutamento das fibras musculares do assoalho pélvico.

2.2 HIPOTESE

Padrbées pélvicos do conceito FNP sdo capazes de recrutar fibras

musculares do assoalho pélvico em mulheres saudaveis.
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3 REFERENCIAL TEORICO

3.1 CONSIDERACOES ANATOMICAS E FUNCIONAIS DO ASSOALHO
PELVICO

Estruturalmente, o assoalho pélvico é composto por musculos, fascia e
ligamentos presentes nas cavidades abdominal e pélvica, exercendo fungdes
importantes nos processos de continéncia urinaria e fecal, protecao e fixagao de
orgaos pelvicos, além de auxiliar na funcéo sexual (CASEY; TEMME, 2017).
Apesar da importante atuagdo no trato gastrointestinal e genito-urinario,
evidéncias mostram a agao também na respiracao, manutencao da postura ereta
e na marcha (EMERICH GORDON; REED, 2018; ROSSETTI, 2016).

A pelve, estrutura éssea que protege os 6rgaos abdominais e pélvicos, é
formada por dois grandes ossos do quadril, subdivididos em: ilio, isquio e pubis,
unindo-se anteriormente por meio da sinfise pubica e posteriormente, na
articulacao sacroilica. Além da fungao de protecao, a pelve € importante também
para descarga de peso corporal, uma vez que transmite e absorve forgas entre
os membros inferiores e a coluna (VLEEMING; SCHUENKE; MASI; CARREIRO
et al., 2012). Devido a proximidade e fungdo com o assoalho pélvico, ambos
estdo intimamente conectados (CASEY; TEMME, 2017).

Na abertura inferior da pelve estido localizados os musculos do assoalho
pélvico divididos em dois compartimentos: o diafragma pélvico e o diafragma
urogenital. O diafragma urogenital € a camada muscular mais superficial,
formada pelos musculos isquiocavernoso, bulboesponjoso, musculo transverso
do perineo e musculo esfincter anal externo. O diafragma pélvico € a camada
mais profunda, formada pelos musculos coccigeo e levantador do anus (CASEY;
TEMME, 2017).

O controle neural do assoalho pélvico é realizado através do sistema
nervoso somatico e autonémico, controlados por via reflexa medular ou centros
superiores. Areas cerebrais como cértex motor primario e hipotalamo medial
fazem conexdes com centros medulares que controlam esses musculos. Os
motoneurdnios que inervam o assoalho pélvico se originam no nucleo de Onuf,
localizado no corno anterior do segundo ao quarto segmento medular sacral (S2-

S4) e de onde saem o0s nervos periféricos autondmicos e somaticos,
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correspondente ao plexo pélvico e ao nervo pudendo, respectivamente
(VODUSEK, 2004).

As fungdes do assoalho pélvico sdo: sustentar os érgéos pélvicos, manter
o controle esfincteriano, uretral e anal, auxiliar na fungao sexual e contribuir para
estabilidade dos musculos do tronco (CASEY; TEMME, 2017; ROSSETTI,
2016). Essas fungbes ficaram mais evidentes apds as mudangas evolutivas,
gquando o homem passou da postura quadrupede para a bipede, em que as
estruturas presentes na pelve precisaram se adaptar para suportar o peso do
corpo, manter a postura ereta e fechar a cavidade inferior da pelve para sustentar
0s orgaos abdominais e pélvicos (DESILVA; ROSENBERG, 2017; LEWIS;
LAUDICINA; KHUU; LOVERRO, 2017).

Por serem musculos posturais que exercem fungdes anti-gravitacionais,
sdo musculos com predominancia de fibras tipo |, lentas, de contracao ténica e
mais resistentes a fadiga e, em menor quantidade, fibras tipo Il, de contrac&o
rapida e que geram energia através de processos anaerobicos. Cerca de 65-
90% dos MAP sao formados por fibras tipo |, com concentragcdo maior no
musculo levantador do anus, enquanto que as fibras fasicas estdo mais
concentradas proximo as areas periuretral e perianal, devido a necessidade de
contracdo rapida em situacdes de aumento de pressao intra-abdominal em que
o individuo necessita manter a continéncia urinaria e fecal (YIOU; COSTA;
HAAB; DELMAS, 2009).

Além disso, mantém o equilibrio pressorico-pélvico durante o aumento da
pressao intra-abdominal, evitando perdas involuntarias de conteudo vesical e
intestinal. Essa resposta involuntaria do assoalho pélvico € um mecanismo
neurolégico complexo, ndo dependente apenas de reflexo espinal (DEWAELE;
DEFFIEUX; VILLOT; AMARENCO et al., 2019). Um estudo prévio que avaliou,
através de eletromiografia de superficie, a contragao do esfincter anal durante a
tosse voluntaria em mulheres continentes, constatou que a contracido do
assoalho pélvico precede o aumento da pressao intra-abdominal. Esse controle
depende de um centro pré-programado no sistema nervoso central para preparar
a atividade muscular em situagdbes de aumento de pressao abdominal,
importante para manter a continéncia (DEFFIEUX; HUBEAUX; PORCHER,;
ISMAEL et al., 2007).



28

Durante o esforco ha o aumento da presséo intra-abdominal, com
consequente aumento da pressado vesical. Para manter a continéncia, é
necessario que haja um aumento da pressdo de fechamento uretral,
proporcionando o controle esfincteriano adequado por acdo combinada dos
musculos do assoalho pélvico, parede vaginal anterior, ligamentos e fascia
endopélvica (MININI, 2018).

3.2 CONSIDERAGCOES ANATOMICAS E FUNCIONAIS DOS MUSCULOS
ABDOMINAIS

A principal fungdo dos musculos abdominais € proteger e estabilizar a
coluna espinal, além de gerar forgas que proporcionam movimento ao tronco
(BROWN; WARD; COOK; LIEBER, 2010). Ainda, protege o conteudo
intraperitoneal e contribui para fungdes vitais, como: respiragao, defecacao e
micgao (JENSEN; KJAER; JORGENSEN, 2014).

Esse compartimento abdominal € formado por quatro musculos: reto
abdominal (RA), obliquo externo (OE), obliquo interno (Ol) e transverso do
abddémen (TrA), que agem juntos para equilibrar a press&do abdominal e proteger
a coluna contra cargas internas e externas. No entanto, para exercer essas
funcdes, esses musculos ndo atuam sozinhos. E necessaria uma sincronia com
os musculos do assoalho pélvico, diafragma e multifidos (MORALES; SANZ;
REGUERA; MARTINEZ et al., 2018).

O musculo reto abdominal é o musculo abdominal que possui maior
comprimento, mas é composto por fibras musculares mais curtas. Origina-se na
sinfise pubica, com insercdo no processo xifoide e na quinta, sexta e sétima
costela, sendo responsavel principalmente pela flexdo anterior da coluna
vertebral. Os demais musculos abdominais possuem camadas musculares com
disposigédo inclinada das fibras (BROWN; WARD; COOK; LIEBER, 2010;
JENSEN; KJAER; JORGENSEN, 2014).

A funcédo de rotagcédo e flexdo lateral do tronco se da pelos musculos
obliquos. O musculo obliquo externo se origina na oitava costela inferior e se
insere na crista iliaca e no osso pubico, enquanto o obliquo interno tem a origem
nos dois tergos anteriores da crista iliaca e dois ter¢os do ligamento inguinal, se
inserindo nas trés ultimas costelas (JENSEN; KJAER; JORGENSEN, 2014).
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O musculo transverso abdominal € o principal musculo para conter os
orgaos e visceras abdominais, sendo também considerado o principal
estabilizador na coluna lombar. Tem a origem no processo transverso da
vértebra lombar, via fascia téraco lombar, a dois tergos anteriores da crista iliaca
e um tergo lateral do ligamento inguinal, com insergéo na linha alba (HODGES;
RICHARDSON, 1997). Esse e o obliquo interno por serem musculos profundos
anatomicamente proximos, dificulta dissocia-los para uma avaliagéo isolada. Por
isso, pesquisas cientificas consideram avaliar um complexo muscular transverso
do abddémen/ obliquo interno (TrA/Ol) (ITHAMAR; DE MOURA FILHO;
BENEDETTI RODRIGUES; DUQUE CORTEZ et al., 2018; MARSHALL;
MURPHY, 2003).

3.3 NEUROMECANISMO DA SINERGIA MUSCULAR PARA POSTURA E
MOVIMENTO

Durante a execugdo de movimentos ha a ativagdo de musculos distintos
e a ativacao dessas diferentes unidades motoras sao coordenadas e controladas
pelo sistema nervoso central. Para que esse movimento ocorra, diversas
variaveis estdo acontecendo simultaneamente nos 6rgaos e estao relacionadas
a desenvoltura ou mudancas caracteristicas da agao, como: deslocamento, forca
e ativagdao muscular (BlZZl; CHEUNG, 2013). Assim, sinergia é definida como a
organizacédo neural das diferentes variaveis disponiveis nos efetores a fim de
estabilizar essas divergéncias para um melhor desempenho na execugéao da
acao especifica (PISCITELLI; FALAKI; SOLNIK; LATASH, 2017).

Por ser um fendbmeno comum, a coativagdo muscular e o controle de
variaveis tém sua interpretacao limitada as analises biomecanicas com pouca
atencdo aos mecanismos neurais de controle motor. Apesar da limitagdo dos
estudos, vias neurais presentes em estruturas cerebrais e espinais sao
responsaveis pelos mecanismos neurofisioldgicos de sinergia muscular. Medula
espinal, cortex motor, cerebelo e ganglios da base participam do processo de
sinergia muscular, através da redugao da inibigao reciproca e circuitos neurais
que comandam a programagao e sequéncia das atividades motoras bem como
das articulagbes (LATASH, 2018; NIELSEN, 2016).
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Coativagdo muscular é um fendmeno comum durante a manutencao da
postura corporal, essa que € um fendbmeno involuntario e reflexo causado por
coordenacgao de contragdo de musculos agonistas e antagonistas ao movimento
contra a gravidade (SALA; TRAMONTANO; SQUINTANI; ARCARO et al., 2014).
Processos neurais complexos sao envolvidos para manter a estabilidade,
equilibrio e orientagdo do corpo no espago, bem como durante as mudancas de
postura. Isso acontece devido a interacdo de mecanismos neurais e
biomecanicos, incluindo a dinamica do sistema musculoesquelético e a interacao
com o gerador de padrao central, baseado em um circuito espinal que pode ser
modulado por meio de impulsos periféricos e supraespinais (SOUSA; SILVA;
TAVARES, 2012).

A funcédo de sinergia muscular depende da qualidade da tarefa a ser
executada. Em ajustes posturais, por exemplo, ha alteragdes nas propriedades
elétricas intrinsecas dos neurdnios motores, mudanga nas informagdes
proprioceptivas e excitabilidade do reflexo miotatico. No entanto, esses
processos adaptativos sao aprendidos como comportamento motor e ficam
retidos, produzindo padrdes de sinergia muscular para restringir a agdo do
sistema nervoso nesses comportamentos aprendidos e proporcionando menor
gasto energético para desempenho da tarefa (TING; MCKAY, 2007).

Padrdes de sinergia muscular sdo ativados para diminuir a instabilidade
através de propriedades biomecanicas dos musculos e/ou deixar a resposta
motora mais efetiva, com o nivel de ativagdo podendo ser influenciado pela
experiéncia. Sendo assim, a resposta antecipatoria acontece previamente ao
estimulo como uma agédo pré-programada do sistema nervoso central
(PISCITELLI; FALAKI; SOLNIK; LATASH, 2017; TING; MCKAY, 2007).

Nesse caso, a estratégia para produzir o controle postural rapido envolve
o sistema descendente medial para adequar o ténus postural em relacdo ao
estimulo que foi dado. As reacbes de ajuste compensatorios de postura e
movimento acontecem apds a exposicdo a impulsos sensoriais, ativando as
respostas antecipatdrias a perturbagao. As principais vias envolvidas no controle
postural estdo presentes na medula espinal, tronco cerebral, cerebelo,
mesencéfalo e cortex sensoério-motor, além dos sistemas sensoriais:
propriocepgao, sistema vestibular e visdo (PISCITELLI; FALAKI; SOLNIK;
LATASH, 2017; SOUSA; SILVA; TAVARES, 2012).



31

Biomecanicamente os musculos abdominais desempenham um papel
importante no controle do tronco e manutengao da postura, sendo o musculo
transverso do abdome o principal estabilizador da coluna lombar e pelve. Além
disso, é o principal musculo de ajuste postural, uma vez que €& ativado
previamente aos demais musculos abdominais quando em situacbes de
instabilidade postural (HODGES; MOSELEY, 2003; HODGES; RICHARDSON,
1997; TSAO; HODGES, 2007).

No entanto, outros musculos sédo sinérgicos para manuteng&o da posi¢cao
vertical e postura. O musculo diafragma e os MAP, além da sinergia durante a
respiracdo, desempenham um papel extremamente importante na postura por
proporcionar contencéo e sustentagcao abdominal e pélvica, além de transferir e
absorver forgas das extremidades superior e inferior do corpo para estabilizar os
segmentos toracico e abdominal. Ainda, pela proximidade anatémica com o
musculo transverso abdominal, ha sinergia abdomino-pélvica em resposta as
mudangas de postura ou aumento de pressao intra-abdominal (CASEY; TEMME,
2017; EMERICH GORDON; REED, 2018; HODGES; SAPSFORD; PENGEL,
2007; ROSSETTI, 2016).

Nessas situagdes a contracao involuntaria do assoalho pélvico acontece
previamente ao estimulo que aumenta a pressdo abdominal. Essa resposta
antecipatoria acontece de forma pré-programada, sugerindo que a contragéo
involuntaria € neurologicamente mais complexa que apenas um reflexo espinal
(AMARENCO; ISMAEL; LAGAUCHE; RAIBAUT et al., 2005; DEFFIEUX;
RAIBAUT; RENE-CORAIL; KATZ et al., 2006; SAPSFORD; HODGES, 2001).

Os musculos do assoalho pélvico sao representados na porgdo medial do
giro pré-central (SCHRUM; WOLFF; VAN DER HORST; KUHTZ-BUSCHBECK,
2011; TURNBULL; HAMDY; AZIZ; SINGH et al., 1999). Areas motoras do cortex
cerebral, mais precisamente a area motora suplementar e o cortex motor
primario, também sdo ativadas durante a contragédo voluntaria de musculos do
tronco, gluteo e adutores do quadril. Essas mesmas areas s&o ativadas durante
a contragado voluntaria do assoalho pélvico, indicando que s&do as areas
responsaveis pela sinergia desses grupos musculares (ASAVASOPON; RANA;
KIRAGES; YANI et al., 2014).

A area motora suplementar esta envolvida com o planejamento do

movimento associado com atividades automaticas, podendo também estar ativa
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durante a imagética, ou seja, imaginacédo da atividade motora na auséncia da
execugcao do movimento. Ainda, essa area também é ativada previamente a
atividade do coértex motor primario durante movimentos voluntarios
(BORTOLETTO; CUNNINGTON, 2010; CUNNINGTON; WINDISCHBERGER;
DEECKE; MOSER, 2002). Dessa forma, a resposta antecipatoria dos musculos
do assoalho pélvico em relagdo aos musculos abdominais, gluteo e adutores do
quadril pode ser explicada por esse mecanismo neural (ASAVASOPON; RANA;
KIRAGES; YANI et al., 2014).

3.4 FACILITACAO NEUROMUSCULAR PROPRIOCEPTIVA: FILOSOFIA,
PRINCIPIOS, PROCEDIMENTOS E TECNICAS

A Facilitagdo Neuromuscular Proprioceptiva (FNP) € um conceito de
tratamento que se baseia em explorar ao maximo o potencial existente no ser
humano, sendo utilizado na pratica clinica para aumentar o desempenho do
sistema musculoesquelético, com o objetivo de acelerar e intensificar a resposta
por meio da estimulagdo de proprioceptores musculares e articulares (KNOTT;
VOSS, 2007).

De acordo com a International Proprioceptive Neuromuscular Facilitation
Association (IPNFA), a filosofia do conceito € baseada em cinco pontos: 1.
Abordagem positiva; 2. Abordagem funcional; 3. Mobilizagdo de reservas; 4.
Considera a pessoa como um todo; 5. Integra os principios de aprendizagem e
controle motor e a pratica baseada em evidéncia. Esses pontos
buscamestabelecer uma diretriz geral para o terapeuta avaliar e propor uma
estratégia terapéutica que com o objetivo de otimizar a eficiéncia dos
movimentos e alcangar o nivel maximo de funcionalidade para cada individuo
(IPNFA, 2021). Afim de alcancar o nivel maximo de funcionalidade, o tratamento
indireto para ativagdo de musculos sinérgicos distais ao segmento abordado é
bastante utilizado (KNOTT; VOSS, 2007; STEPHENS, 2014).

O conceito FNP utiliza diferentes principios e procedimentos em técnicas
especificas para facilitagdo do movimento. Os principios envolvem a estimulagéo
exteroceptiva, como: estimulacdo tatil, auditiva e visual, e a estimulacéo

proprioceptiva, como: resisténcia, aproximagao, tragao, alongamento e estimulo
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de estiramento. (ADLER; BECKERS; BUCK, 2014; SMEDES; HEIDMANN;
SCHAFER; FISCHER et al., 2016).

Dentre os procedimentos, sdo utilizados o reforco, a sincronia de
movimentos, a biomecanica do terapeuta e a irradiagdo. Os padrdes de
movimentos na diagonal, originados a partir da analise biomecénica de
atividades fisicas e funcionais do dia-a-dia s&o baseados nas teorias de controle
motor. Esses padrdées combinam movimentos nos trés planos, se assemelhando
a movimentos funcionais (ADLER; BECKERS; BUCK, 2014).

Dessa forma, uma sequéncia de movimentos mais complexos aumenta o
recrutamento neural e melhora o controle motor e a eficiéncia do movimento
(MOREIRA; LIAL; TELES MONTEIRO; ARAGAO et al., 2017). Além disso, o
treino muscular baseado em tarefas funcionais ao invés de exercicios isolados
favorece o reaprendizado sensorio-motor e a reorganizagdo dos sistemas de
percepgdo e agdo, sendo essenciais na reabilitacdo (SHUMWAY-COOK;
WOOLLACOTT, 2014).

Por meio de uma demanda especifica funcional do individuo, o conceito
realiza o aprendizado motor e retencdo funcional de uma atividade recém
aprendida a partir da repetigdo. Com isso permite a criagdo e a recriacdo do
desenvolvimento do comportamento motor, com estratégias de movimentos
funcionais para desempenhar atividades de vida diaria (SMEDES; HEIDMANN;
SCHAFER; FISCHER et al., 2016).

Ao usar padrdes do conceito FNP as areas neurais de controle motor s&o
ativadas mais rapidamente, devido as mudangas na excitabilidade do trato
piramidal e das vias motoras provocados pelos estimulos advindos da periferia.
Esses estimulos favorecem a excitacdo de areas corticais e espinais, ativando
em maior quantidade motoneurdnios responsaveis pelos movimentos voluntarios
(SHIMURA; KASAI, 2002).

Com a finalidade de oferecer funcionalidade, a abordagem geralmente é
iniciada em segmentos corporais fisicamente saudaveis para atingir o segmento
corporal alvo, por meio de coativagao muscular (KNOTT; VOSS, 2007). Por esse
motivo, o conceito FNP é considerado uma das formas de abordagem indireta,
cujo intuito é estimular a excitabilidade de motoneurénios em resposta a uma

resisténcia, em outra parte do corpo, aumentando a atividade muscular, o
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numero de unidades motoras recrutadas e potencializando a forgca em musculos
sinérgicos (GABRIEL; KAMEN; FROST, 2006; HWANG; PARK, 2017).

Dessa forma, os padrées de movimento associados a resisténcia manual
ativam musculos sinérgicos. Ao realizar o movimento resistido em um
determinado segmento corporal, outros musculos adjacentes podem ser
ativados por irradiacéo. Esse efeito € apropriado na impossibilidade de ativacao
voluntaria em segmentos afetados (SCIASCIA; CROMWELL, 2012).

Irradiagao é considerado uma deflagragéo de respostas reflexas sobre um
foco, um fendbmeno descrito na literatura desde 1906 (SHERRINGTON, 1906).
Ou seja, o estimulo adequado promove uma contragdo efetiva do musculo alvo
e 0s impulsos neurais emitidos por esse musculo em contracdo estimula a
atividade de outros musculos sinérgicos, distais aquele que recebeu o estimulo
(ADLER; BECKERS; BUCK; ADLER et al., 2013; LEVINE, 2007). Essa resposta
depende da intensidade do estimulo, sendo produzida por exercicios resistidos,
por exemplo (KABAT; KNOTT, 1953).

O procedimento de irradiacdo é considerado uma das formas de
abordagem indireta pelo conceito FNP, utilizando o principio da resisténcia
manual para aumentar o recrutamento muscular e facilitar a contragao de grupos
musculares sinérgicos ao musculo alvo (ADLER; BECKERS; BUCK, 2014). A
resisténcia aplicada ativa vias corticoespinais descendentes e aumenta a
excitabilidade dos motoneurénios, potencializando o recrutamento de unidades
motoras (GABRIEL; KAMEN; FROST, 2006).

Dependendo do objetivo a ser alcangado no individuo, técnicas
especificas podem ser utilizadas a fim de melhorar as deficiéncias encontradas
durante a execuc¢ao da atividade, alcangando niveis funcionais por contragcédo ou
relaxamento de musculos agonistas ou antagonistas ao movimento. Dentre as
técnicas especificas, a técnica de iniciagéo ritmica do conceito FNP é utilizada
para fazer com que o individuo aprenda o movimento a ser realizado e a
combinagao de isotdnicas € a técnica de escolha usada para atingir a irradiagéo
de musculos sinérgicos (ADLER; BECKERS; BUCK, 2014).

Enquanto a técnica combinagao de isotbnicas do conceito FNP é utilizada
para facilitar a contragdo dos musculos agonistas. Caracteriza-se por utilizar
contracdes musculares concéntricas, isométricas e excéntricas, proporcionando

coordenacgao intramuscular para encurtamento e alongamento, sem relaxamento
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(ADLER; BECKERS; BUCK, 2014; SARDARU; PENDEFUNDA, 2013). Para tal,
€ aplicado o estimulo proprioceptivo por meio da resisténcia manual ao
movimento a fim de produzir niveis de forgas diferentes em cada contracao
muscular, por isso € recomendada para promover irradiacdo. (SMEDES;
HEIDMANN; SCHAFER; FISCHER et al., 2016).

Ainda, a resisténcia € considerada um dos principais aspectos para o
aumento de forca e adaptagdes musculares, como: hipertrofia, aumento no
disparo e sincronizacdo de unidades motoras, bem como alteracdo na
coativagdo de agonistas e antagonistas. Essas mudangas neuromusculares
durante execucéao de exercicios resistidos podem ser observadas na sEMG por
meio do aumento de amplitude do sinal eletromiografico (ARJUNAN; KUMAR;
NAIK, 2014).

Dessa forma, por utilizar uma abordagem baseada nos principios
neurofisiolégicos do controle motor e aprendizagem motora, o conceito FNP tem
sido utilizado em diversas abordagens de reabilitagcdo, bem como na otimizag&o
de ganhos funcionais (AREEUDOMWONG; WONGRAT; NEAMMESRI;
THONGSAKUL, 2017; BEHM; BLAZEVICH; KAY; MCHUGH, 2015; FERBER;
OSTERNIG; GRAVELLE, 2002; GUIU-TULA; CABANAS-VALDES; SITJA-
RABERT; URRUTIA et al., 2017; PARK; SEO, 2014; SONG; PARK; KIM, 2014;
STEPIEN; FABIAN; GRAFF; PODGURNIAK et al., 2017; WANDERLEY;
LEMOS; MORETTI; BARROS et al., 2019).

3.5 ELETROMIOGRAFIA DE SUPERFICIE PARA AVALIACAO DA ATIVIDADE
MIOELETRICA DOS MUSCULOS DO ASSOALHO PELVICO

Devido as importantes fungbes desempenhadas pelos musculos do
assoalho pélvico para o funcionamento fisiologico dos sistemas gastrointestinal
e urinario, bem como o auxilio para manutencdo da postura corporal e
respiracdo, uma avaliagdo detalhada com ferramentas confiaveis a fim de
quantificar e qualificar a fungdo muscular é imprescindivel (EICKMEYER, 2017b;
EMERICH GORDON; REED, 2018; HODGES; SAPSFORD; PENGEL, 2007;
ROSSETTI, 2016; VODUSEK, 2004).

Dentre os métodos quantitativos para avaliar processos eletrofisiologicos
dos musculos, a eletromiografia de superficie € o método mais empregado, por
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se tratar de uma medida nao invasiva (FARINA; FOSCI; MERLETTI, 2002;
FARINA; MERLETTI; ENOKA, 2004; MERLETTI, 1999; MERLETTI; FARINA,
2016).

A eletromiografia de superficie (SEMG) € uma ferramenta de avaliagéo
capaz de quantificar o comportamento do sistema neuromuscular por meio da
excitacdo de unidades motoras, tornando-se um recurso frequentemente
utilizado em pesquisas cientificas, com aplicagdo e relevancia clinica
(BOONSTRA; BREAKSPEAR, 2012; TABORRI; PALERMO; PRETE; ROSSI,
2018; VIGOTSKY; HALPERIN; LEHMAN; TRAJANO et al., 2018). O registro
eletrofisiologico detecta, de forma nado-invasiva, as mudangas na polaridade da
membrana das fibras musculares, resultante da excitagado neural. Dessa forma,
a amplitude do sinal eletromiografico refere-se ao potencial mioelétrico da
excitacdo muscular, antecedendo a ativacdo muscular e, posteriormente,
produgao de forga (VIGOTSKY; HALPERIN; LEHMAN; TRAJANO et al., 2018).

Por esses motivos, o numero de pesquisas cientificas sobre o
comportamento  eletrofisiolégico no sistema neuromuscular aumenta
consideravelmente, sendo a sEMG uma importante ferramenta para avaliar a
funcdo muscular. Além disso, a atividade oscilatoria de despolarizacdo e
repolarizacdo da membrana nas fibras musculares esta relacionada a
sincronizagdo intermuscular entre musculos sinérgicos (BOONSTRA;
BREAKSPEAR, 2012; LOEZ; OROSCO; DI SCIASCIO, 2010; YONG; MAK; LU;
CHEUNG et al., 2005).

Em sEMG a sinergia muscular usualmente € analisada por meio de
modelos matematicos com a decomposigdo de algoritmos. Normalmente é
realizada a analise de uma fungdo multivariada da ativagcdo neuromuscular e a
matriz de correlagédo da forga muscular, estimada pela Root Mean Square (RMS)
(LOEZ; OROSCO; DI SCIASCIO, 2010; PETERSEN; ROSTALSKI, 2019;
TABORRI; PALERMO; PRETE; ROSSI, 2018; TRESCH; CHEUNG; D'AVELLA,
2006).

Nos musculos do assoalho pélvico, a sEMG tem sido bastante utilizada
tanto em mulheres saudaveis quanto com disfungbes, mostrando-se uma
ferramenta confiavel de avaliagdo (DEWAELE; DEFFIEUX; VILLOT,;
AMARENCO et al., 2019; KANNAN; WINSER; GOONETILLEKE; CHEING,
2019; KOENIG; LUGINBUEHL; RADLINGER, 2017; MORETTI; DE MOURA
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FILHO; DE ALMEIDA; ARAUJO et al., 2017; PTASZKOWSKI; PAPROCKA-
BOROWICZ; SLUPSKA; BARTNICKI et al., 2015).

Para essa avaliagao, a captacao dos sinais elétricos por sEMG pode ser
feita por meio de dois tipos de eletrodos: sonda intracavitaria (via vaginal ou anal)
e eletrodos de superficie (autoadesivos), posicionados na pele ou na mucosa
(MORETTI; DE MOURA FILHO; DE ALMEIDA; ARAUJO et al, 2017;
VOORHAM-VAN DER ZALM; VOORHAM; VAN DEN BOS; OUWERKERK et al.,
2013).

Um estudo, ao comparar o sinal eletromiografico com dois tipos e
posicionamentos de eletrodos de superficie diferentes (sonda intracavitaria;
imediatamente abaixo dos grandes labios e perianal, na posi¢ao de trés e nove
horas do reldgio), identificou que o mais alto nivel de atividade eletromiografica
acontece quando usada a sonda intracavitaria ou com o eletrodo posicionado em
regido perianal, ndo diferindo um do outro (MORETTI; DE MOURA FILHO; DE
ALMEIDA; ARAUJO et al., 2017).

Apesar da ferramenta ser confiavel e bastante reprodutivel, os avangos
sobre o conhecimento e utilizagado dessa ferramenta na pesquisa e pratica clinica
faz com que diferentes protocolos de avaliagdo sejam desenvolvidos,
dificultando a comparacao entre os resultados dos estudos e padronizagao para
aplicagao clinica (HERMENS; FRERIKS; DISSELHORST-KLUG; RAU, 2000).

Com essa visao, desde 1996 foi desenvolvido o projeto SENIAM (Surface
EMG for a Non-Invasive Assessment of Muscles), que traz recomendacdes para
padronizar avaliacdo e dados obtidos com sEMG, incluindo sensores,
posicionamento do sensor, processamento do sinal e modelagem (HERMENS;
FRERIKS; DISSELHORST-KLUG; RAU, 2000; MERLETTI; HERMENS, 2000).
Apesar da atualizagdo nas recomendacgdes, os musculos do assoalho pélvico
permanecem nao incluidos na recomendacado e até o momento nao existe
padronizacao quanto ao tipo e posicionamento dos eletrodos para avaliacao dos
MAP usando sEMG (HERMENS; FRERIKS, 2017).

No entanto, um protocolo de revisdo de escopo publicado recentemente
propds mapear os protocolos de avaliagao e analise do sinal da eletromiografia
de superficie do assoalho pélvico mais frequentemente utilizados em mulheres
com idade acima de 18 anos, de forma a contribuir para inclusdo desses

musculos nas recomendagdes internacionais para avaliagdo nao invasiva (DE
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OLIVEIRA FERRO; LEMOS; DE SANTANA CHAGAS; DE MORAES et al.,
2021).
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4 MATERIAIS E METODO
4.1 DESENHO DO ESTUDO
Estudo observacional do tipo transversal.
4.2 LOCAL E PERIODO DO ESTUDO

Os dados foram coletados no Laboratério de Aprendizagem e
Controle Motor (LACOM) do Departamento de Fisioterapia da Universidade
Federal de Pernambuco (UFPE). A coleta dos dados foi iniciada apos a
aprovacdo pelo Comité de Etica em Pesquisa com Seres Humanos Centro de
Ciéncias da Saude (CCS/UFPE), em abril de 2018 e concluida em fevereiro de
2020.

4.3 ASPECTOS ETICOS DA PESQUISA

Algumas medidas foram adotadas a fim de atender as Diretrizes e
Normas Regulamentadoras de Pesquisas envolvendo seres Humanos,
dispostas na resolugdo 466/12 do Conselho Nacional de Saude: parecer
consubstanciado do Comité de Etica e Pesquisa com Seres Humanos do
CCS/UFPE (N° 2.546.842) (Anexo A) e consentimento das participantes da

pesquisa.

Todas as voluntarias estavam cientes dos procedimentos a serem
realizados durante a pesquisa, possiveis riscos, beneficios e, s6 participaram da
pesquisa aquelas que concordaram em assinar o Termo de Consentimento Livre
e Esclarecido (TCLE) (Apéndice A). Ainda, foi garantido o anonimato das
participantes e o direito de, a qualquer instante, retirar o seu consentimento e

deixar de participar do estudo, mesmo tendo assinado o documento.

Como meio de identificagdo internacional da pesquisa em
desenvolvimento, este estudo foi registrado no Clinical Trials.gov sob
identificagdo NCT03484169 (Anexo B).

4.4 AMOSTRA
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Participaram do estudo 31 mulheres higidas na menacme, eutroficas,
nuligestas e com idades entre 18 e 35 anos, recrutadas entre discentes de
diferentes cursos de graduagédo e pds-graduacdo das instituicdes de ensino
superior de Pernambuco. A amostra foi sequencial de conveniéncia e todas as
voluntarias elegiveis que aceitaram participar da pesquisa foram avaliadas.

4.5 CRITERIOS DE ELEGIBILIDADE

4.5.1 Critérios de inclusao

Foram incluidas mulheres, idade entre 18 e 35 anos, higidas na menacme,

eutroficas, nuligestas e que ja tinham iniciado a vida sexual.

4.5.2 Critérios de exclusao

Foram excluidas do estudo: gestantes; mulheres com historia de
cirurgias prévias em regido abdominal e/ou pélvica; disfungdes uroginecologicas
e neuromusculares; constipacao cronica; diabetes; fissuras anais; hemorroidas

ativas e tabagistas.

4.6 DELINEAMENTO METODOLOGICO

As participantes das pesquisas foram recrutadas obedecendo aos

critérios de inclusao e exclusio.

Dois pesquisadores (A e B) fizeram parte da coleta de dados do
estudo. O pesquisador A foi o responsavel pela triagem, explicagdo dos
procedimentos da pesquisa e entrega do termo quando consentido o interesse
de participar da pesquisa. Esse mesmo pesquisador ficou responsavel pela
aplicacao do formulario. O pesquisador B, uma fisioterapeuta especialista em
uroginecologia, foi a responsavel pela execucdo dos padrdes peélvicos do
conceito FNP durante o registro dos sinais eletromiograficos, esse auxiliado
também pelo pesquisador A.

ApoOs a explanagao clara dos procedimentos que seriam realizados

durante a pesquisa, as voluntarias foram submetidas a uma triagem para analisar
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a elegibilidade e, se elegivel, foi entreqgue o Termo de Consentimento Livre e
Esclarecido (TCLE) para assinatura. Inicialmente foi aplicado um formulario
semiestruturado para coletar dados pessoais e sociodemograficos,
caracteristicas antropomeétricas, doengas associadas e histéria ginecoldgica.
Por fim, foi realizado o registro da atividade eletromiografica durante
a realizacao dos padrdes pélvicos do conceito FNP em trés musculos: assoalho
pélvico sendo representado pelo esfincter anal externo, complexo muscular
transverso do abdémen/Obliquo interno (TrA/Ol) direito e gracil bilateral. Todos

os procedimentos foram realizados em um unico dia.

4.7 ETAPAS DA PESQUISA E PROCEDIMENTOS

4.7.1 Testes preliminares

Por se tratar de um estudo original, foram realizados testes
preliminares a fim de aprimorar o protocolo final de avaliagdo, garantindo maior
seguranga no resultado da pesquisa. Nesses testes, descritos abaixo, foram
avaliados os locais de posicionamentos dos eletrodos, os musculos que seriam

analisados e o melhor posicionamento da voluntaria.

Para analisar os musculos sinérgicos ao assoalho pélvico e que a
literatura (ADLER; BECKERS; BUCK, 2014; AMORIM; CACCIARI; PASSARO;
SILVEIRA et al., 2017; HALSKI; SLUPSKA; DYMAREK; BARTNICKI et al., 2014;
HODGES; RICHARDSON, 1997; HWANG; PARK, 2017; JUNGINGER;
BAESSLER; SAPSFORD; HODGES, 2010; MADILL; MCLEAN, 2006;
PTASZKOWSKI; PAPROCKA-BOROWICZ; SLUPSKA; BARTNICKI et al., 2015)
mostra que sao recrutados durante a execucao dos padrdes pélvicos, foram
testados os musculos: transverso do abdémen/obliquo interno, gluteo maximo,
quadrado lombar, gracil e adutor magno. O registro eletromiografico dos
musculos gluteo maximo, adutor magno e quadrado lombar apresentou bastante
ruido, o que pode ter ocorrido por causa do posicionamento da voluntaria
(decubito lateral) ou pelo excesso de tecido adiposo na regido, dificultando a
captagdo do sinal com eletrodos autoadesivos durante a sEMG. Pela

impossibilidade de avaliagao, esses musculos foram removidos no protocolo.
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Ao analisar o posicionamento bilateral dos eletrodos para avaliagéao
do complexo muscular TrA/Ol, foi observado artefato cardiaco no sinal
eletromiografico quando posicionado o eletrodo do lado esquerdo. Dessa forma,
foi estabelecido o lado direito para avaliacdo do protocolo final.

Ainda, foi analisado o posicionamento da voluntaria em relagcédo a
colocagao ou n&o de travesseiros entre os joelhos da voluntaria na postura em
decubito lateral esquerdo. Concluimos que o travesseiro posicionado entre os
joelhos favorece o estimulo proprioceptivo para os musculos adutores da coxa,
0 que poderia alterar a analise e interpretacao final dos resultados. Em reunido
de consenso apds a demonstracio do teste preliminar, foi estabelecido que néo
utilizariamos travesseiro entre os joelhos, mantendo a posigao original do padr&o

pélvico, orientada pelo instrutor avancado do conceito FNP.

Dessa forma, o protocolo final estabelecido foi a avaliagédo
eletromiografica dos musculos TrA/Ol direito, MAP e gracil bilateral com a

voluntaria em decubito lateral esquerdo.

4.7.2 Selegao de participantes

As voluntarias que se adequaram aos critérios de elegibilidade foram
contatadas aleatoriamente entre os discentes de graduagéo e pos-graduagéao de
diferentes centros académicos das instituicdes de ensino superior de
Pernambuco. Durante o convite para participar da pesquisa, o pesquisador
explicou todos os procedimentos a serem realizados e o beneficio da pesquisa.
Na concordancia em patrticipar, foi entregue o TCLE para assinatura.

4.7.3 Preenchimento do Formulario

ApoOs consentimento e assinatura do termo, as entrevistas e a
avaliagao foram realizadas no periodo diurno e em ambiente reservado, estando
presente na sala apenas os dois avaliadores e a participante. Em seguida, a
participante foi questionada pelo entrevistador para preenchimento do
formulario, que constava das seguintes se¢des: dados pessoais e
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sociodemograficos; dados antropomeétricos, dados clinicos, histéria ginecologica
e pratica/frequéncia de atividade fisica (Apéndice B).

4.7.4 Registro do sinal eletromiografico

A eletromiografia de superficie foi realizada durante a aplicagado dos
padroes pélvicos do conceito FNP. Para tal, foram utilizados eletrodos de
superficie autoadesivos, polo simples e de baixa impedancia da marca 3M Health
Care (Canada), posicionados no complexo muscular TrA/Ol direito, esfincter
anal externo e gracil bilateral (Figura 1).

Obedecendo as regras para aquisicdo do sinal eletromiografico,
padronizado pela International  Society of Electrophysiology and
Kinesiology (ISEK), foram utilizados eletrodos circulares de superficie de baixa
impedancia (25mm de didmetro), autoadesivos (gel sdélido de celulose) e
descartaveis. Para eliminar as interferéncias externas foi usado um eletrodo de
referéncia posicionado sobre o manubrio do esterno, seguindo as
recomendacgdes do Projeto SENIAM (Surface ElectroMyoGraphy for the Non-
Invasive Assessment of Muscles) (HERMENS; FRERIKS, 2017).

Para minimizagédo de ruidos, os dispositivos de registro e captagao
foram conectados apenas a bateria durante a coleta dos dados. A fim de reduzir
a impedancia da pele, foi feita a higienizagdo da regido utilizando lencgos
umedecidos Pure Care da marca Huggies®, secando-a imediatamente antes do
registro. Ainda, para reduzir a impedancia da pele, foi solicitada a tricotomia da
area onde o eletrodo foi posicionado antes da coleta dos dados, bem como o
esvaziamento vesical antes dos procedimentos. O registro eletromiografico foi
realizado com a voluntaria em decubito lateral esquerdo durante a aplicacéo dos
padrbées peélvicos do conceito FNP. As diretrizes gerais para o posicionamento
dos eletrodos descritos pelo SENIAM foram seguidas, no entanto, os musculos
analisados ndo estdo incluidos em suas recomendacdes especificas de
colocacgao de eletrodos. Por isso, para captagao do sinal eletromiografico foram
posicionados ao longo da linha de agdo das fibras musculares, nas seguintes

estruturas anatbmicas:

e Complexo muscular transverso abdominal/obliquo interno (TrA/Ol):
eletrodo de superficie posicionado 2 cm proximal ao ponto médio entre a
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sinfise pubica e a espinha iliaca antero-superior (EIAS). Para diminuir o
artefato cardiaco, o eletrodo de monitorizagdo desse grupo muscular foi
posicionado do lado direito da voluntaria (NEUMANN; GILL, 2002).

e Musculo gracil: Os eletrodos foram posicionados no tergo médio superior
na linha média interna da coxa. O gracil direito e gracil esquerdo foram
analisados.

e Musculos do assoalho pélvico: na posicdo supino, os eletrodos de
superficie foram posicionados na posi¢ao de trés e nove horas do reldgio
em regido perianal (MORETTI; DE MOURA FILHO; DE ALMEIDA;
ARAUJO et al., 2017).

Figura 1. A-D Posicionamento dos eletrodos autoadesivos ao longo das fibras musculares dos
musculos avaliados. A) Posicionamento dos eletrodos no musculo esfincter anal externo. B)
Posicionamento dos eletrodos no complexo muscular transverso abdominal/obliquo interno
(TrA/Ql) direito. C) Posicionamento dos eletrodos nos musculos gracil direito e gracil esquerdo.

D) Posicionamento do eletrodo de referéncia.

(A)

(C)

Fonte: Adaptado de Google Imagens.

A aquisicao foi realizada fora do periodo menstrual e antes da
execugao dos padrdes pélvicos, foram solicitadas trés contragdes voluntarias
maximas (CVM) em microvolts (uV) de cada musculo ou grupo muscular
avaliado para normalizagdo dos dados, obtendo a maior atividade durante a
realizacdo de testes padronizados. Foi solicitada a maxima contracdo que a



45

participante puder realizar e cada contragéo sendo sustentada por 3 segundos,
com intervalo de 30 segundos entre cada contragdo (KESHWANI; MCLEAN,
2013).

As participantes foram submetidas a um treino preparatério para
conscientizagdo da contragdo correta dos musculos do assoalho pélvico com
orientacdo de uma fisioterapeuta especialista na saude da mulher e
posteriormente registro eletromiografico durante uma contragdo voluntaria
maxima dos musculos do assoalho pélvico, bem como dos musculos abdominais

e gracil.

Foram realizados os seguintes testes para avaliar a contragao
muscular voluntaria: aducédo isométrica do quadril em decubito lateral para
avaliar o musculo gracil. Para o grupo muscular TrA/Ol, com a voluntaria em
decubito dorsal foi solicitada a flexao anterior com rotacdo de tronco para a
direita e, para os musculos do assoalho pélvico, com a voluntaria em decubito
dorsal com flexdo de quadril e joelho, foi solicitada uma contragdo voluntaria
maxima seguindo a instrug&o verbal do avaliador: “Prenda o xixi, fazendo forca
para dentro e para cima”. Nesse momento, o avaliador assegurou-se que a
contragao foi isolada do assoalho pélvico através do controle dos musculos

adutores e gluteo maximo, ensinado previamente a voluntaria.

Para aquisic&do do sinal eletromiografico foi usado o eletromiografo de
superficie da marca Miotec® (modelo Miotool 400, Miotec Equipamentos
Biomédicos Ltd. Porto Alegre, Brasil) com quatro canais e conversor
analdgico/digital (A/D) de 14-bits de resolugdo, com ganho interno de 1000
vezes. A frequéncia de amostragem por canal utilizada é de 2000 Hz, rejeigao
em modo comum (CMRR) 110 dB, impedancia de entrada 1010 Ohm // 2pF e
filtro analdgico do tipo Butterworth de quarta ordem. O sinal captado foi gravado
usando o Software Miotec Suite versdo 1.0 (Miotec®, Porto Alegre, Brasil) e
transferido para um computador portatil.

4.7.5 Protocolo da Facilitagao Neuromuscular Proprioceptiva

Neste estudo, a execugao dos padrbes pélvicos, acompanhados da
captacdo do sinal eletromiografico, foi realizada apdés a aprendizagem do
movimento utilizando a técnica “iniciacdo ritmica”. Para tal, foram realizados

movimentos passivos (0 terapeuta executou o movimento com comandos
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verbais); ativo assistido (a voluntaria iniciou 0 movimento na direcdo desejada e
o retorno do movimento foi feito pelo terapeuta) e resistido (o terapeuta ofereceu
uma resisténcia durante a execugao do movimento ativo, mantendo o ritmo com
o comando verbal), simulando os padrdes que seriam realizados posteriormente.
Por fim, foi solicitado que a voluntaria realizasse o movimento

independentemente para confirmar o aprendizado.

ApOs a aprendizagem de cada padrao, o registro eletromiografico
foi realizado usando a técnica especifica de combinacédo de isotbnicas, o qual
combinou contragdes concéntricas, isomeétricas e excéntricas do grupo muscular
agonista em relagdo a resisténcia manual oferecida pelo terapeuta, sem
relaxamento. O protocolo de avaliacdo estabelecido apés testes preliminares foi
composto de 5 segundos de repouso, seguido por trés sequéncias de contragdes
sem relaxamento nos quatro padrdes pélvicos do conceito FNP: antero-elevacao
(AE); postero-depressao (PD); postero-elevacgéo (PE) e antero-depresséao (AD),
seguindo uma sequéncia aleatéria para reduzir o viés de mensuragéao,
estabelecida na forma de sorteio para cada participante. Para cada tipo de
contragado muscular foi definido um tempo de cinco segundos de sustentagéo da
contracdo, somando no final de cada padrao pélvico um total de sessenta e cinco
segundos de contragdes concéntricas, isomeétricas e excéntricas (Figura 2). Em
cada voluntaria, a combinagdo de isotbnicas foi realizada trés vezes, com
intervalo de um minuto entre as repeticdes e, dois minutos entre um padrao e

outro.
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Figura 2. Diagrama representando o protocolo utilizado durante o registro eletromiografico, sendo

realizado trés sequéncias dessa representada na figura, com intervalo de um minuto entre elas.

Recife-PE, 2018-2020.

REPOUSO POR 5 SEGUNDOS EM POSICAO
INICIAL DE REGISTRO

CONTRACAO CONCENTRICA POR 5
SEGUNDOS

CONTRACAO ISOMETRICA POS-
CONCENTRICA POR 5 SEGUNDOS

CONTRACAO EXCENTRICA POR 5
SEGUNDOS

CONTRAGCAO ISOMETRICA POS-EXCENTRICA
POR 5 SEGUNDOS

CONTRACAO CONCENTRICA POR 5
SEGUNDOS

CONTRACAO ISOMETRICA POS-
CONCENTRICA POR 5 SEGUNDOS

CONTRAGCAO EXCENTRICA POR 5
SEGUNDOS

CONTRAGAO ISOMETRICA POS-
EXCENTRICA POR 5 SEGUNDOS

CONTRACAO CONCENTRICA POR 5
SEGUNDOS

CONTRACAO ISOMETRICA POS-
CONCENTRICA POR 5 SEGUNDOS

CONTRAGCAO EXCENTRICA POR 5
SEGUNDOS

CONTRAGAO ISOMETRICA POS-
EXCENTRICA POR 5 SEGUNDOS

CONTRACAO CONCENTRICA POR 5

SEGUNDOS

Fonte: Arquivo do préprio autor, 2021.
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Durante a realizacdo de cada padrao a voluntaria foi posicionada em
decubito lateral esquerdo com flexdo de quadril e joelho e o tronco alinhado. O
terapeuta estava posicionado ao lado da voluntaria, sempre na diagonal do

movimento a ser realizado.

A seguir, cada padrdo sera descrito conforme foi realizado, em
relagdo ao movimento pélvico solicitado, o posicionamento das maos do

terapeuta na voluntaria e o estimulo verbal que foi utilizado.

(1) Padréo de antero-elevacéo (AE) do conceito FNP: os dedos de uma das
maos do terapeuta estavam posicionados na crista iliaca da voluntaria,
com as falanges apoiadas na espinha iliaca antero superior,
imediatamente anterior a linha média e a outra mao sobreposta a primeira
(Figura 3). Antes de solicitar o movimento da pelve para frente e para cima
(Figura 5) com uma pequena inclinagéo superior, o terapeuta puxava a
pelve o paciente para baixo e para tras, proporcionando um alongamento.
A instrucdo verbal da técnica combinagdo de isotbnicas nesse padrao
pélvico era para o paciente levar a pelve para frente e para cima vencendo
a resisténcia oferecida ao movimento na contracdo concéntrica,
mantendo a mesma forga na contragdo isométrica e, controlando o
retorno do movimento na contragao excéntrica.

Figura 3. Posicao inicial do terapeuta e paciente para execucdo do padrédo de antero-elevagéo
do conceito Facilitagdo Neuromuscular Proprioceptiva.

Fonte: Arquivo préprio do autor, 2021.
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(2) Padréo de postero-depressao (PD) do conceito FNP: a regido hipotenar
de uma das maos do terapeuta estava posicionada na tuberosidade
isquiatica da voluntaria, com os dedos da mao apontando para frente, na
diagonal. A outra mao estava sobreposta a primeira (Figura 4). Antes de
solicitar o movimento da pelve para baixo e para tras (Figura 5) com uma
pequena inclinacdo posterior, o terapeuta empurrava a tuberosidade
isquiatica do paciente para cima e para frente, proporcionando um
alongamento. A instrugdo verbal da técnica combinacdo de isotbnicas
nesse padrao pélvico era para o paciente levar a pelve para baixo e para
tras por meio do comando “sente na minha mao”, vencendo a resisténcia
oferecida ao movimento na contragcdo concéntrica, mantendo a mesma
forca na contragcédo isométrica e, controlando o retorno do movimento na

contracdo excéntrica.

Figura 4. Posicao inicial do terapeuta e paciente para execugéo do padrao de péstero-depresséo
do conceito Facilitagdo Neuromuscular Proprioceptiva.

Fonte: Arquivo préprio do autor, 2021.
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Figura 5. A-C Posicao inicial e diregdo do movimento pélvico realizado durante a execugao dos
padrdes antero-elevagéo e postero-depresséo do conceito FNP. A) Posigédo neutra da pelve. B)
Movimento pélvico no padrdo de antero-elevagédo do conceito FNP. C) Movimento pélvico no

padrao de postero-depressao do conceito Facilitagdo Neuromuscular Proprioceptiva.

) L
A = B

N (—

Fonte: Arquivo do préprio autor, inspirado em: Adler; Beckers; Buck, 2014.

(3) Padréo de postero-elevacédo (PE) do conceito FNP: uma das maos do
terapeuta estava posicionada na crista iliaca da voluntaria, posteriormente
a linha média e a outra mé&o estava sobreposta a primeira, sem contato
dos dedos (Figura 6). Antes de solicitar o movimento da pelve para cima
e para tras (Figura 8) com uma pequena inclinagéo posterior, o terapeuta
empurrava a crista iliaca da voluntaria para baixo e para frente,
proporcionando um alongamento. A instrugdo verbal da técnica
combinacdo de isotbnicas nesse padrao pélvico era para o paciente
empurrar a pelve para cima e para tras, vencendo a resisténcia oferecida
ao movimento na contragdo concéntrica, mantendo a mesma for¢a na
contragao isométrica e, controlando o retorno do movimento na contragéao

excéntrica.
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Figura 6. Posicéo inicial do terapeuta e paciente para execugéo do padrao de péstero-elevagéo

do conceito Facilitagdo Neuromuscular Proprioceptiva.

Fonte: Arquivo préprio do autor, 2021.

(4) Padrao de antero-depressao (AD) do conceito FNP: Os dedos de uma das
maos do terapeuta estavam posicionados posterior ao trocanter maior do
fémur e a outra mé&o posicionada lateralmente a primeira m&o, abaixo da
espinha iliaca antero inferior (Figura 7). Antes de solicitar o movimento da
pelve para baixo e para frente (Figura 8) com uma pequena inclinagéao
anterior, o terapeuta puxava a crista iliaca a tuberosidade isquiatica do
paciente para cima e para tras, proporcionando um alongamento. A
instrucdo verbal da técnica combinacdo de isotdnicas nesse padrao
pélvico era para o paciente puxar a pelve para baixo e para frente,
vencendo a resisténcia oferecida ao movimento na contragdo concéntrica,
mantendo a mesma forga na contragdo isométrica e, controlando o

retorno do movimento na contragao excéntrica.
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Figura 7. Posicao inicial do terapeuta e paciente para execugéo do padréo de antero-depresséo

do conceito Facilitagdo Neuromuscular Proprioceptiva.

Fonte: Arquivo préprio do autor, 2021.

Figura 8. A-C Posicao inicial e diregdo do movimento pélvico realizado durante a execugao dos
padrdes antero-depressao e postero-elevagéo do conceito FNP. A) Posigédo neutra da pelve. B)
Movimento pélvico no padrao de antero-depresséo do conceito FNP. C) Movimento pélvico no
padrao de postero-elevagao do conceito Facilitagdo Neuromuscular Proprioceptiva.

i 7 Va

Fonte: Arquivo do préprio autor, inspirado em: Adler; Beckers; Buck, 2014.
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Para minimizar o viés de mensuragao, a avaliagao eletromiografica e

execucao da técnica foi realizada por um unico pesquisador, treinado pelo

instrutor avangcado do conceito FNP (J.V.P.M), licenciado pela International

Proprioceptive Neuromuscular Facilitation Association (IPNFA).

4.8 VARIAVEIS DE INTERESSE

4.8.1 Variaveis dependentes

Atividade eletromiografica do musculo esfincter anal externo durante a
realizagdo de cada padrao pélvico do conceito FNP (elevac&o anterior,
elevagéo posterior, depressédo anterior e depressao posterior): variavel
quantitativa continua, correspondente a média de contracdo do Root
Mean Square (RMS) dos 500 milissegundos (ms), selecionados a partir

de uma época central em cada tipo de contragdo, expressa em microvolts
(MV).

Atividade eletromiografica do complexo muscular TrA/Ol e musculo gracil
durante a realizagdo de cada padrao pélvico do conceito FNP (elevagao
anterior, elevagao posterior, depressao anterior e depressao posterior):
variavel quantitativa continua, correspondente a média de contragdo do
Root Mean Square (RMS) dos 500 milissegundos (ms) selecionados a
partir de uma época central em cada tipo de contracido, expressa em

microvolts (uV).

4.8.2 Variaveis Independentes de Interesse

e Padrdes pélvicos do conceito FNP: variavel qualitativa nominal, classificada

como: (1) elevagado anterior, (2) depressao posterior, (3) elevacéo

posterior e (4) depresséo anterior.

e Tipo de contragdo durante a técnica combinagcdo de isotdnicas: variavel

qualitativa nominal, classificada como: (1) contragdo concéntrica, (2)
contragdo isométrica pos-concéntrica, (3) contracdo excéntrica e (4)
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contragao isométrica pos-excéntrica, avaliada através da média de todas

as contracbes em cada repeticao realizada.

4.8.3 Variaveis Independentes de controle

Idade: variavel quantitativa discreta, mensurada em anos atraveés do relato
da paciente.

Peso corporal: variavel quantitativa continua, mensurada em quilogramas
(Kg) por meio do registro na balanca.

Altura: variavel quantitativa continua, mensurada em metros (m) por meio
do estadiébmetro.

indice de Massa Corporal (IMC): variavel quantitativa continua,
mensurada em quilogramas por metro quadrado (Kg/m2) por meio do
calculo do IMC.

Pratica de atividade fisica: variavel qualitativa nominal, avaliada em sim
(pratica atividade fisica) e ndo (ndo pratica atividade fisica) através do
relato da paciente.

Frequéncia de atividade fisica: variavel quantitativa continua, mensurada
em numero de vezes da pratica de atividade fisica por semana através do

relato da paciente.

4.9 DESFECHOS

4.9.1 Desfecho Primario

Atividade eletromiografica do musculo esfincter anal externo durante a
execucao da técnica combinacéo de isotbnicas em cada padrao pélvico
do conceito FNP.

4.9.2 Desfecho Secundario

Atividade eletromiografica dos musculos TrA/Ol e gracil bilateral em
relagdo ao musculo esfincter anal externo durante a execugédo de cada

padrao pélvico do conceito FNP.
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4.10 METODOS DE ANALISE ESTATISTICA

Os dados eletromiograficos foram analisados pelo software Miograph®
(Miotec Suite® versao 1.0). Para calculo do valor do Root Mean Square (RMS),
em uma janela de 100 pontos, foi selecionado uma época com duragéo de 500
milissegundos (ms) ajustado ao seu valor central a fim de reduzir artefatos e
analisar exatamente a média da contracdo em cada fase, reduzindo a
interferéncia das mudangas de fase. Em cada registro foi feita uma nova filtragem
(passa alta 20 Hz, passa baixa 500 Hz, notch 60 Hz). Foram registrados valores
de média de contragdo do RMS.

Os dados obtidos foram analisados utilizando o software Statistical
Package for Social Sciences (SPSS) verséo 25, adotando nivel de confianga de
95%. Foram aplicadas técnicas de estatistica descritiva, incluindo tabelas e
graficos em figuras e todos os resultados foram apresentados como média e
seus respectivos intervalos de confianga para os dados continuos e em
frequéncias absolutas e relativas (%) para os dados nominais.

Para a analise da atividade mioelétrica foi utilizada a média de cada tipo
de contracdo durante as trés repeticdes consecutivas. Foi aplicado o teste de
esfericidade de Mauchly para avaliar a homogeneidade das variancias e em
seguida o teste ANOVA de duas vias com medidas repetidas e pos teste de
Sidak para comparagdo entre as meédias e identificagdo das diferencas
estatisticas da atividade mioelétrica do assoalho pélvico entre os padrdes
avaliados em relagdo ao tipo de contragdo, bem como para analisar o
comportamento eletromiografico dos musculos TrA/Ol, gracil direito e gracil
esquerdo em relagcdo ao esfincter anal externo. Foi adotado um nivel de
significancia de p< 0,05. O tamanho de efeito foi calculado utilizando o Partial
Eta Squared (Partial n?), utilizando o critério de Cohen para determinar a
magnitude de efeito, considerando pequeno Partial n? = 0,0099, médio quando
igual a 0,0588 e grande igual ou superior a 0,1379 (RICHARDSON, 2011).
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5 RESULTADOS
5.1 PRODUCOES CIENTIFICAS RELACIONADAS A TESE

O desenvolvimento desta tese resultou em dois artigos originais de
pesquisa, um artigo de protocolo de revisdo de escopo e uma revisao de escopo,
listados abaixo:

(1) Artigo original de pesquisa 1: “Electromyographic analysis of pelvic floor
muscles during the execution of pelvic patterns of proprioceptive
neuromuscular facilitation-concept: an observational study” (Apéndice
C), submetido ao peridédico Neurourology and Urodynamics (Anexo C).
As normas de submiss&o de artigos ao periddico citado acima estao
disponiveis em:
https://onlinelibrary.wiley.com/page/journal/15206777/homepage/foraut
hors.htht

(2) Artigo original de pesquisa 2: “Electromyographic analysis of transversus
abdominis/internal oblique muscles during the execution of pelvic
patterns of proprioceptive neuromuscular facilitation” (Anexo D),
publicado no periddico Avangcos em Medicina. Esse trabalho foi produto
de orientacdo dos dois trabalhos de conclusao de curso de Fisioterapia
da Universidade Federal de Pernambuco no segundo semestre de 2018.
Esta publicacao esta disponivel em:
https://doi.org/10.52329/AvanMed.7

(3) Artigo de protocolo de revisao de escopo: “Techniques for registration of
myoelectric activity of women’s pelvic floor muscles: a scoping review
protocol” (Anexo E), publicado na revista JBI Evidence Synthesis. Esta
publicagdo pode ser acessada em: https://doi.org/10.11124/JBIES-20-
00159

(4) Artigo de reviséo de escopo: “Techniques for registration of myoelectric
activity of women’s pelvic floor muscles: a scoping review” (Apéndice D),
submetido na revista JBI Evidence Synthesis (Anexo F). As normas de
submissdo de artigos ao periddico estdo disponiveis em:
https://fedmgr.ovid.com/jbisrir/accounts/ifauth.htm



57
6 CONSIDERAGOES FINAIS

Os padroes pélvicos do conceito FNP aumentam a atividade mioelétrica do
assoalho pélvico em mulheres jovens e saudaveis, independente do padréo
pélvico a realizado. No entanto, ha efeito da técnica combinagao de isotbnicas
sobre os MAP quando comparado ao baseline, sendo a contragdo concéntrica a
gue apresenta maior atividade mioelétrica do assoalho pélvico.

Foi observado que os MAP mantém o mesmo nivel de atividade tdnica
durante a execugao da técnica combinacgao de isotdnicas. Devido a proximidade
anatémica dos MAP a pelve, ndo podemos concluir se 0 aumento da atividade
mioelétrica dos MAP durante a execugado dos padrbes pélvicos ocorreu por
irradiacdo ou antecipacdo ao aumento de pressao intra-abdominal provocado
pela resisténcia oferecida ao movimento. Especulamos que a utilizagdo dos
padroes pélvicos em DL, como descrito neste estudo, pode provocar uma reagao
antecipatoria ao movimento.

Ao avaliar o comportamento mioelétrico dos musculos sinérgicos,
observou-se que no padrdo AE os musculos TrA/Ol e gracil esquerdo
apresentam sinergia em fase com os MAP e nos padrdes posteriores (PE e PD)
houve diminuigdo do nivel de atividade de todos os musculos sinérgicos, sem
alterar o nivel de atividade dos MAP. Assim, em condi¢des que necessitam de
uma abordagem funcional e recrutamento de diferentes grupos musculares,
orientamos o0 uso do padréo AE. Se o objetivo for melhorar o recrutamento dos
musculos do assoalho pélvico de forma isolada, os padrdes posteriores
oferecem uma melhor resposta, por reduzir a agao dos musculos sinérgicos.

Tendo em vista que o aprendizado motor acontece pela repeticdo da tarefa,
presumimos que, ao utilizar os padrdes pélvicos de forma repetida, podera haver
o0 aumento da atividade dos MAP, utilizando os principios de coativagdo muscular
e aprendizagem motora como forma de melhorar o desempenho na execugéo
da tarefa.

Apesar da atividade ser menor que o valor da CVM registrada para cada
individuo, é importante ressaltar que o registro eletromiografico da CVM ocorreu
com a voluntaria em DD enquanto os padrdes foram realizados em DL e nao
podemos afirmar se o registro da CVM em diferentes posturas interfere na

atividade mioelétrica durante a execucao do padrao. Além disso, quando a CVM
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€ avaliada, é solicitada a contracéo isolada do musculo especifico. Nos padrbes
de movimento de FNP, sao solicitados movimentos na diagonal e varios grupos
musculares estao em atividade, deixando o0 movimento mais funcional. Esse fato
provavelmente influenciou os resultados encontrados neste estudo em relagao a
atividade neuromuscular observada no registro eletromiografico.

Apesar disso, esse fato ndo reduz a aplicabilidade desses padrbes na
pratica clinica, uma vez que para prevencao ou tratamento das disfungdes do
assoalho pélvico sao solicitadas contracées com intensidade referente a 50% da
CVM para treinamento muscular do assoalho pélvico, a fim de evitar fadiga

muscular.

6.1 PERSPECTIVAS
6.1.1 Implicagoes na pratica clinica

Tendo em vista esses achados e a abordagem neurofisiolégica do
conceito, indicamos os padrdes pélvicos do conceito FNP na pratica clinica para
aumentar o recrutamento de forma indireta, considerando uma proposta de
tratamento funcional e proporcionando ao paciente um reaprendizado sensorio-
motor, principalmente em pacientes que ndo possuem consciéncia de contragéo
perineal ou naqueles que ndo querem ou nao podem utilizar os recursos
convencionais de tratamento. Dessa forma, por ndo necessitar de recursos
invasivos e contragao isolada do assoalho pélvico, diversas condi¢cdes de saude
podem ser beneficiadas com o uso dessa abordagem de forma indireta e
funcional, tanto para melhorar o recrutamento dos musculos do assoalho pélvico
quanto para estimular a contragdo de musculos sinérgicos.

Sugerimos que, para elaboragéo da proposta de tratamento, aspectos
clinicos e fisicos do paciente sejam considerados, bem como os valores e
preferéncias do mesmo. Por outro lado, as técnicas do conceito FNP utilizam
principalmente as habilidades cientificas e corporais do terapeuta, sendo
consideradas técnicas acessiveis e que n&o necessita de grandes investimentos.
Habitualmente sao utilizadas para melhorar o desempenho do sistema
musculoesquelético e estdo sendo cada vez mais inseridas nas rotinas da

fisioterapia, o que eleva significativamente o numero de profissionais habilitados.
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A constatacado de que os efeitos dos padrdes pélvicos recrutam os musculos do
assoalho pélvico amplia as possibilidades de seu uso em disfungdes

uroginecologicas.
6.1.2 Implicagoes para pesquisa

Considerando os resultados encontrados neste estudo com mulheres
jovens e higidas, constata-se a necessidade de expandir a pesquisa para
aplicabilidade clinica em outros grupos com disfun¢des especificas como as
incontinéncias urinarias e fecais abrangendo homens e mulheres em diversas
faixas etarias. Sendo assim, encorajamos novos estudos em pacientes com
disfungdes uroginecoldgicas para efeito comparativo. Ainda, sugerimos novas
pesquisas para analisar o efeito de outros padrdes distais ao tronco, bem como

avaliacdo em outros posicionamentos.
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

(PARA MAIORES DE 18 ANOS OU EMANCIPADOS - Resolugdo 466/12)

Convidamos a Sra. para participar como voluntéria da pesquisa EFEITOS DE PADROES
PELVICOS DA FACILITACAO NEUROMUSCULAR PROPRIOCEPTIVA NOS MUSCULOS DO
ASSOALHO PELVICO, que esta sob a responsabilidade da pesquisadora Prof. Dr* Daniella Aratjo de
Oliveira (Departamento de Fisioterapia da UFPE, Av. Professor Moraes Rego, s/ nimero- Cidade
Universitaria, Recife — PE — CEP: 50670-901 ; Telefones para contato: (81) 2126.8937, e-mail:
sabinodaniellaufpe@gmail.com), também participante da pesquisa a Doutoranda Josepha Karinne de
Oliveira Ferro (Telefones para contato: (81) 99805-8006, e-mail: karinneferro@gmail.com)

Este Termo de Consentimento pode conter informagdes que o senhor nio entenda. Caso haja
alguma divida, pergunte a pessoa que esta lhe entrevistando para que o senhor esteja bem esclarecido sobre
sua participacao na pesquisa. Apos ser esclarecido sobre as informagdes a seguir, caso aceite em fazer parte
do estudo, assine as folhas e ao final deste documento, que esta em duas vias. Uma delas € sua ¢ a outra é
do pesquisador responsavel. Em caso de recusa o Sr. ndo serd penalizado de forma alguma. Também
garantimos que o Senhor tem o direito de retirar o consentimento da Sua participagdo em qualquer fase da
pesquisa, sem qualquer penalidade.

INFORMACOES SOBRE A PESQUISA:

Objetivo da pesquisa: analisar os efeitos dos padrdes pélvicos do conceito FNP no recrutamento de fibras
musculares do assoalho pélvico em individuos saudaveis.

Procedimentos: Vocé receberd informagdes a respeito do estudo. Se concordar em participar, sera
realizado o protocolo para execugdo dos padrdes pélvicos e FNP com registro de eletromiografia. Para tal
sera necessaria tricotomia da area onde serdo posicionados os eletrodos de superficie para captacdo da
atividade mioelétrica. O protocolo sera realizado em um ambiente reservado e que vocé ja conhece, estando
presentes apenas vocé e o avaliador. O tempo de todas as avaliagdes sera de, no maximo, 1 hora. Lembrando
que vocé ndo terd nenhum gasto financeiro para realizagdo da pesquisa.

Riscos: Os riscos que podem ocorrer € vocé sentir-se constrangido com as perguntas sobre sua intimidade
sexual, durante o posicionamento dos eletrodos ou pelo tempo despendido na avaliagdo. Porém, esses riscos
serdo minimizados através da garantia de confidencialidade e anonimato de todos os participantes.
Beneficios: vocé podera esclarecer quaisquer duvidas que surjam durante a avaliagdo ou execugdo do
protocolo de FNP. Além disso, recebera orientagdes sobre a correta contragdo da musculatura do assoalho
pélvico e a importancia de se exercitar essa musculatura. Assim, os beneficios serdo cientificos e sociais a
medida a que a pesquisa utilizard uma abordagem especifica de analise que, se comprovada, oferecera um
novo recurso para o tratamento das disfun¢des do assoalho pélvico, a fim de otimizar os ganhos funcionais.

As informagdes desta pesquisa serdo confidenciais e serdo divulgadas apenas em eventos ou
publicagdes cientificas, ndo havendo identificacdo dos voluntarios, a ndo ser entre os responsaveis pelo
estudo, sendo assegurado o sigilo sobre a sua participagao.

Vocé ndo pagard nada para participar desta pesquisa. Se houver necessidade, as despesas
para a sua participagdo serdo assumidos pelos pesquisadores. Fica também garantida indenizagdo em casos
de danos, comprovadamente decorrentes da participagdo na pesquisa, conforme decisdo judicial ou
extrajudicial.

Os dados coletados nesta pesquisa, tanto os questionarios quanto a ficha de avaliagao, ficardo
armazenados em CDs, sob a responsabilidade do pesquisador, no endere¢o acima informado, pelo periodo
de minimo 5 anos.

Em caso de duvidas relacionadas aos aspectos éticos deste estudo, vocé podera consultar
o Comité de Etica em Pesquisa Envolvendo Seres Humanos da UFPE no endereco: (Avenida da Engenharia
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s/n — 1° Andar, sala 4 - Cidade Universitaria, Recife-PE, CEP: 50740-600, Tel.: (81) 2126.8588 — e-mail:
cepccs@ufpe.br).

Daniella Aratijo de Oliveira Josepha Karinne de Oliveira Ferro

CONSENTIMENTO DA PARTICIPACAO DA PESSOA COMO VOLUNTARIO (A)

Eu, , CPF
, abaixo assinado, apds a leitura deste documento e de ter tido a oportunidade
de conversar e ter esclarecido as minhas davidas com o pesquisador responsavel, concordo em
participar do estudo EFEITOS DE PADROES PELVICOS DA FACILITACAO NEUROMUSCULAR
PROPRIOCEPTIVA NOS MUSCULOS DO ASSOALHO PELVICO, como voluntério.

Fui devidamente informado e esclarecido pela pesquisadora sobre a pesquisa, 0s
procedimentos nela envolvidos, assim como os possiveis riscos ¢ beneficios decorrentes de minha
participagdo. Foi-me garantido que posso retirar o meu consentimento a qualquer momento, sem que
isto prejudique seu acompanhamento de rotina no hospital.

Local e data
Assinatura do participante:

Presenciamos a solicitagdo de consentimento, esclarecimentos sobre a pesquisa e o aceite do voluntario
em participar.

Nome: Nome:

Assinatura: Assinatura:
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APENDICE B — FORMULARIO SEMIESTRUTURADO

EFEITOS DE PADROES PELVICOS DA FACILITACAO NEUROMUSCULAR
PROPRIOCEPTIVA NOS MUSCULOS DO ASSOALHO PELVICO

Pesquisador: DATA:
Identificagao

Nome

Idade

Peso

Altura

Idade entre 18 e 35anos Sim( ) Né&o( )

NuligestaSim( ) Nao( )

Eutréfica (IMC entre 18,5e€ 24,99) Sim( ) Nao( )

Ativ fisicaSim( ) Nao( )Qual:
Frequéncia Ativ fisica (dias/semana):

Histéria prévia de cirurgia abdominal ou prévia Sim( ) Nao( )
Gravidez ou suspeita de gravidezSim( ) Nao( )
Hipertensao Sim( ) Nao( )

Doencgas neurolégicaSim( ) Né&o( )

Diabetes Sim( ) Nao( )

Tabagismo Sim( ) Nao( )

Disfuncao do assoalho pélvico Sim( ) Nao( )
Sindrome do piriforme: Sim( ) Nao( )

Dor pélvica: Sm( ) Néo( )

Dor lombar: Sim( ) Nao( )

Doengas respiratérias Sim( ) Nao( )
Cardiopatias Sim( ) Nao( )

Em periodo de fluxo catamenial Sm( ) Nao( )
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ABSTRACT

OBJECTIVE: To assess the effect of pelvic patterns of proprioceptive
neuromuscular facilitation (PNF-concept) on pelvic floor muscles (PFM)
recruitment in healthy women. METHODS: Observational study conducted with
31 women aged between 18 and 35 years, with mean age of 23.3 £ 3.2 (22.1 to
24.4). PFM activity was monitored by surface electromyography during the
combination of isotonics technique of four pelvic patterns of PNF-concept (i.e.,
anterior elevation, posterior depression, anterior depression, and posterior
elevation). Electromyographic signal was analyzed using root mean square
amplitude. Two-way repeated measures ANOVA was performed to analyze
differences in PFM activity between types of contraction (i.e., concentric,
isometric, and eccentric) and the four pelvic patterns. RESULTS: PFM activity
did not differ among the four pelvic pattens. However, PFM activity was
significantly different between the combination of isotonics technique and
baseline [F (1.6, 48.2) = 71.5; p < 0.000] with a large effect size (partial n? =
0.705). Concentric (22.4 pV £ 1.1), isometric (17.3 pV = 0.6), and eccentric (15
MV = 0.5) contractions of combination of isotonics technique increased PFM
activity compared with baseline (10.8 pV = 0.4) in all pelvic patterns.
CONCLUSION: PFM activity did not differ among the four pelvic patterns of PNF-
concept. Nonetheless, the combination of isotonics technique showed a
significant effect on PFM compared with baseline, with greater PFM activity
during concentric contraction. Pelvic patterns of PNF-concept may be used to

increase PFM recruitment in young healthy women.

Keywords: Electromyography. Abdominal muscles. Muscle stretching exercises.
Proprioceptive Neuromuscular Facilitation. Motor control. Physiotherapy
Modalities.
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INTRODUCTION

Pelvic floor muscles (PFM) are essential for urinary and fecal continence
and sexual function. Pelvic organ support and lumbopelvic stability are also PFM
functions (EICKMEYER, 2017a). Since these muscles perform different
functions, their neural control is more complex than other skeletal muscles
(DEWAELE; DEFFIEUX; VILLOT; BILLECOCQ et al, 2018; THIBAULT-
GAGNON; AUCHINCLOSS; GRAHAM; MCLEAN, 2018). PFM excitation and
recruitment can be assessed by surface electromyography (SEMG). This method
is reliable and widely used in research and clinical practice (GRAPE; DEDERING;
JONASSON, 2009; TABORRI; PALERMO; PRETE; ROSSI, 2018; VIGOTSKY;
HALPERIN; LEHMAN; TRAJANO et al., 2018).

Conventional PFM training aims to improve strength and enhance muscle
gain using different physical therapy resources (e.g., electrical stimulation,
kinesiotherapy, and biofeedback) (WALLACE; MILLER; MISHRA, 2019).
Nevertheless, for women who find difficulty contracting PFM, an indirect
treatment approach may be necessary.

In this context, proprioceptive neuromuscular facilitation (PNF-concept)
emerges as an indirect treatment option for women with PFM dysfunction.
Irradiation, a basic procedure of PNF-concept, stimulates excitability of
motoneurons in response to resistance applied to another part of the body. This
technique increases muscle activity and the number of motor units recruited,

enhancing strength in synergistic muscles (HWANG; PARK, 2017).

PNF-concept has been wused to rehabilitate neurological and
musculoskeletal disorders and promote functional recovery. The method
improves movement effectiveness and may be associated with diagonal
movement patterns, such as pelvic patterns (AREEUDOMWONG; WONGRAT;
NEAMMESRI; THONGSAKUL, 2017; SHARMA; KAUR, 2017; SMEDES;
HEIDMANN; SCHAFER; FISCHER et al., 2016). In addition, neurophysiological
principles of motor control and motor learning underpin the PNF-concept
philosophy (SMEDES; HEIDMANN; SCHAFER; FISCHER et al., 2016).
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Notably, most women do not have a good perception of PFM contraction,
and around 60% of them may develop pelvic floor dysfunction related to
anatomical and functional imbalance of pelvic structures at some point in life
(KEPENEKCI; KESKINKILIC; AKINSU; CAKIR et al., 2011). For that reason, an
indirect treatment based on synergy and motor control principles may be an
alternative for these women. Therefore, this study aimed to assess the effect of
pelvic patterns of PNF-concept on recruitment of PFM in healthy women. We also
analyzed the electromyographic activity of muscles synergic to the pelvic floor
(i.e., transversus abdominis/ internal oblique [TrA/IO] and hip adductors) during
pelvic patterns of PNF-concept.

METHODS

This observational study was performed at the Motor Control and
Learning Laboratory of Physical Therapy Department of Federal University of
Pernambuco (UFPE). This research was approved by the human research ethics
committee of UFPE (number 2.546.842) and was registered at ClinicalTrials.gov
(NCT03484169).

The convenience sample consisted of 31 healthy eutrophic women,
nulliparous, aged between 18 and 35 years, and who had already started their
sexual life. All eligible women who volunteered to participate in the research were
assessed. The exclusion criteria were pregnant, had history of abdominal or
pelvic surgery, urogynecological or neuromuscular dysfunctions, chronic
constipation, anal fissures, active hemorrhoids, diabetes, or smoke were

excluded.

Two researchers (J.K.O.F and K.C.S.A) collected data. Researcher
K.C.S.A was responsible for performing the screening for inclusion, explaining
research procedures, and applying a form to collect personal, sociodemographic,
and clinical data, anthropometric characteristics, practice and frequency of
physical activity, and gynecological history. Researcher J.K.O.F, a physical
therapist specialist in urogynecology, oriented the execution of pelvic patterns of
PNF-concept and recorded electromyographic signals. Electromyography and
PNF were performed by a single researcher trained by PNF-concept instructors
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licensed by the International Proprioceptive Neuromuscular Facilitation

Association.

Miotec® surface electromyography (Miotool 400 model, Miotec Biomedical
Equipment Ltd. Porto Alegre, Brazil) with four channels and 14-bit analog-to-
digital converter resolution and internal gain of 1000 times was used to record
electromyographic signal. Sampling frequency of 2000 Hz per channel, 110 dB
common mode rejection, 1010 ohm // 2pF input impedance, and fourth-order
Butterworth analog filter were used. The signal was recorded using Miotec Suite
software version 1.0 (Miotec®, Porto Alegre, Brazil).

SEMG was captured during the execution of pelvic patterns of PNF-
concept when women were with empty bladder and not in the menstrual period.
We followed recommendations of the International Society of Electrophysiology
and Kinesiology. Low-impedance (25 mm diameter), self-adhesive, and
disposable circular surface electrodes (3M Health Care, Canada) were used on
the TrA/IO muscle complex of the right abdominal side, external anal sphincter
(EAS), and right and left gracilis muscles. A reference electrode was placed on
the manubrium of the sternum to eliminate external interference. To reduce skin
impedance, trichotomy of regions where electrodes were positioned was
performed, and the skin was cleaned with wet wipes (Pure Care, Huggies®).

The muscles analyzed are not included in the guidelines for electrode
placement described in the SENIAM project (surface EMG for a non-invasive
assessment of muscles) (HERMENS; FRERIKS, 2017). Therefore, electrodes
were positioned along muscle fibers in the action line of the following anatomical
structures: (1) TrA/IO muscle complex (2 cm proximal to the midpoint between
pubic symphysis and anterosuperior iliac spine, on the right side due to the
volunteer positioning and to reduce cardiac artifact) (NEUMANN; GILL, 2002); (2)
gracilis muscle (bilaterally on the upper middle third of the inner midline of the
thigh); and (3) PFM (on EAS, in three and nine o'clock position of the perianal
region) (MORETTI; DE MOURA FILHO; DE ALMEIDA; ARAUJO et al., 2017).

Before data collection, participants were trained to correctly activate each
evaluated muscle. Then, we asked participants to produce three maximal
voluntary contractions (MVC) for three seconds to obtain the higher muscle
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activity during standardized tests. To assess MVC of PFM, the following
command was given to participants “Hold your urine, pulling in and up’.

Participants could rest for 30 seconds between contractions.

Standardized test for TrA/IO muscle complex was performed with
participants in dorsal decubitus. We asked participants to flex their trunk anteriorly
and rotate it to the right. To assess the gracilis muscle, isometric hip adduction
was performed in lateral decubitus. To assess PFM, participants were in dorsal
decubitus with hip and knee flexion. The researcher ensured that PFM
contraction was isolated by controlling adductors and gluteus maximus

contraction.

After MVC data collection, electromyographic recording of the four muscle
groups was carried out during the execution of four pelvic patterns of PNF-
concept (i.e., anterior elevation, posterior depression, posterior elevation, and
anterior depression). Participants were positioned in left lateral decubitus with
hips and knees in semi-flexion, and should maintain spine and pelvis aligned. The
researcher remained near the participant during the diagonal movement (Figure

1).

Pelvic patterns and electromyographic signal capture were performed after
learning, coordination, and kinesthetic awareness of the pattern. The rhythmic
initiation technique of PNF-concept was used to teach the movement, including
passive, active assisted, resisted, and active movements. After participants
learned each pelvic pattern of PNF-concept, electromyographic recording was
performed using combination of isotonics technique. This technique promotes the
activation of agonist muscles with concentric, isometric, and eccentric
contractions against manual resistance (without relaxation) offered by the
researcher. The assessment protocol established after preliminary tests
consisted of five seconds of rest in the initial position followed by three sequences
of contractions of each pelvic pattern. Each contraction sequence was composed
of a concentric, an isometric post-concentric, an eccentric, an isometric post-
eccentric, and a concentric contraction. The pelvic pattern was randomized for

each participant.
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Each type of muscle contraction was sustained for five seconds, with a
total of 65 seconds of concentric, isometric, and eccentric contractions at the end
of each pelvic pattern of PNF-concept. Each participant performed the
assessment protocol three times, with an interval of one minute between

repetitions and two minutes between pelvic patterns.

Electromyographic analysis was performed by Miograph® software
(Miotec Suite® version 1.0), using 20 Hz high-pass, 500 Hz low-pass, and 60 Hz
notch filter. Mean root mean square (RMS) was calculated using a 100-point
window. A time frame of 500 ms adjusted to its central value was extracted to

analyze mean values and reduce the interference of contraction changes.

For statistical analysis, the mean of the three repetitions in each pelvic
pattern of PNF-concept and the mean of each type of contraction during three
consecutive contractions were used. Data were analyzed using SPSS 25.0 (IBM
Corp., Chicago, IL, USA). Mauchly sphericity test assessed homogeneity of
variances. Two-way repeated measures ANOVA and Sidak post-hoc test were
used to identify statistical differences in PFM activity among pelvic patterns of
PNF-concept and types of contraction. The same analysis compared muscle
activity of TrA/IO and right and left gracilis muscles in relation to EAS. Effect sizes
were calculated using partial eta squared (partial n?) and classified as small
(partial n? = 0.0099), medium (partial n®> = 0.0588), or large (partial N> = 0.1379)
(RICHARDSON, 2011). Significance was set at p < 0.05.

RESULTS

Table 1 shows sample characterization. Two-way repeated measures
ANOVA showed effect of type of contraction [F (1.6, 48.2) = 71.5; p < 0.000], with
a large effect size (partial > = 0.705). Neither main effect of pelvic pattern of PNF-
concept nor interaction was found for EAS activity (Table 2).

No statistical difference between pelvic patterns of PNF-concept was
observed when baseline and types of contraction were analyzed separately.
Sidak post-hoc test showed that concentric, isometric, and eccentric contractions

of the combination of isotonics technique increased EAS activity compared to
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baseline in all four pelvic patterns of PNF-concept. Concentric contraction
presented the highest EAS activity (Table 3).

We compared EAS activity at the highest activity level (i.e., concentric
contraction) with MVC in dorsal decubitus and observed that EAS activity
corresponded to 43.6% of MVC in anterior elevation pattern, 41.9% in anterior
depression pattern, 40.2% in posterior depression pattern, and 42.1% in posterior
elevation pattern. However, an increase greater than 200% in EAS activity in all
pelvic patterns was observed compared with baseline in left lateral decubitus in
the same execution position of pelvic patterns of PNF-concept (Tables 1 and 5).

Regarding electromyographic behavior of muscles synergic to PFM, two-
way repeated measures ANOVA showed a main effect of each isolated factor
and interaction between type of contraction, pelvic pattern of PNF-concept, and
synergistic muscles on EAS activity [F (3.2, 96.5) = 5.6; p < 0.000], with large
effect size (partial n> = 0.15) (Table 4).

Analysis of electromyographic behavior of muscles synergic to PFM in the
four pelvic patterns of PNF-concept showed that, in the anterior elevation pattern,
TrA/IO and left gracilis muscles presented synergy with EAS muscle in all types
of contraction (p < 0.001). The highest level of activity was found in concentric
contractions, a result that repeated for all pelvic patterns of PNF-concept. In the
anterior depression pattern, electromyographic activity of right gracilis muscle
was lower than EAS in all types of contraction (p < 0.001). The activity of left
gracilis muscle increased; however, the difference was not significant compared
with EAS. In posterior patterns (posterior elevation and posterior depression),
activity level of all muscles decreased (p < 0.01), except for EAS muscle, which
maintained the same activity level in all pelvic patterns (Table 5 and Figure 2).

DISCUSSION

After the execution of the combination of isotonics technique in the pelvic
patterns of PNF-concept, PFM activity increased in young and healthy women in
all pelvic patterns. The highest activity was observed in concentric contraction

compared to baseline. In addition, in the anterior elevation pattern, we observed
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in phase synergy of TrA/IO and left gracilis muscles in relation to PFM, but with
no significant change in the level of activity of PFM.

PFM are essential for body posture maintenance, support and
physiological function of pelvic organs, and sexual health. Lack of self-knowledge
of female intimate health and perception of PFM contraction contribute to
increasing the prevalence of pelvic floor disorders. For that reason, an indirect
treatment to improve the recruitment of these muscles, such as irradiation, a

basic procedure of PNF-concept, may be a promising approach.

Irradiation is a phenomenon described in literature since 1906, considered
a triggering of reflex responses on a focus. Adequate stimulus promotes an
effective contraction of the target muscle, and neural impulses emitted by that
contracting muscle stimulate the activity of other synergistic muscles distal to the
one stimulated (SHERRINGTON, 1906).

PNF-concept is used in rehabilitation to increase performance of the
musculoskeletal system through muscular, exteroceptive, and proprioceptive
stimuli. This indirect treatment for activating synergistic muscles distal to the
approached segment is widely used to reach maximum functionality (ADLER;
BECKERS; BUCK, 2014; KNOTT; VOSS, 2007).

PNF-concept is based on learning and motor control and uses different
techniques (e.g., diagonally movement patterns and irradiation) (ADLER;
BECKERS; BUCK, 2014). PNF-concept patterns combine movements in the
three planes, resembling functional movements. Besides that, complex
movement sequences increase neural recruitment and improve motor control and
movement efficiency (ADLER; BECKERS; BUCK, 2014; MOREIRA; LIAL;
TELES MONTEIRO; ARAGAO et al., 2017). In this study, diagonal movements
led to PFM contraction, increasing 2-fold PFM activity compared with baseline

values.

Irradiation is an indirect approach that uses manual resistance to increase
muscle recruitment and facilitate contraction of muscle groups synergic to the
target muscle (ADLER; BECKERS; BUCK, 2014). Among PNF-concept
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techniques, we used the combination of isotonics technique to promote irradiation
of synergistic muscles.

The combination of isotonics technique consists of applying manual
resistance in concentric, isometric, and eccentric contraction to promote different
levels of contraction in each muscle contraction (SMEDES; HEIDMANN;
SCHAFER; FISCHER et al., 2016). In resistance exercises, the increase in
electromyographic signal amplitude is associated with neuromuscular changes
(ARJUNAN; KUMAR; NAIK, 2014). In our study, the highest muscle activity
occurred during concentric contraction, probably because the resistance against
movement in this type of contraction was higher.

In addition, the resistance offered to the movement increases intra-
abdominal pressure (IAP). During IAP increase, PFM contract before abdominal
muscles to prevent involuntary loss of urine and intestinal contents. This
anticipatory reflex is a complex neurological mechanism. It depends on a pre-
programmed activation of the central nervous system to prepare muscle activity
to situations of increased |IAP, essential to maintain continence (SAPSFORD;
HODGES, 2001).

Due to anatomical proximity, we cannot conclude that the increase in PFM
activity during pelvic patterns of PNF-concept occurred due to irradiation or
anticipation to the increase in |IAP caused by the resistance offered to the
movement. We hypothesize that pelvic patterns in lateral decubitus may induce

an anticipatory reaction to movement.

During anticipatory reaction, PFM is important to control posture. Besides
supporting the abdomen and pelvis, PFM transfer and absorb forces from upper
and lower extremities to stabilize the trunk. Also, due to anatomical proximity to
the TrA muscle, there is abdominopelvic synergy in response to changes in
posture or increased IAP. TrA muscle is the main stabilizer of the lumbar spine
and pelvis, and it is activated before other abdominal muscles in situations of
postural instability (HODGES; SAPSFORD; PENGEL, 2007; TSAO; HODGES,
2007).
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Complex neural processes are involved in stability, balance, and
orientation of the body in space, such as muscle coactivation, which is necessary
for postural control 26. Analyzing muscles synergic to PFM, we observed in phase
synergy of TrA/IO and left gracilis muscles during anterior elevation pattern,
probably due to a postural adjustment to the examination table to maintain
stability and balance during execution of the proposed movements.

We assume that using pelvic patterns repeatedly may increase PFM
activity and performance through the principle of muscle coactivation and motor
learning. Motor learning occurs through task repetition, improving recruitment of

motor units, muscle strength, and performance 2.

In summary, pelvic patterns of PNF-concept increased PFM activity in
healthy young women. Although the activity was lower than registered during
MVC, it is important to highlight that participant were in dorsal decubitus during
MVC, while pelvic patterns were performed with participants in lateral decubitus.
Therefore, we cannot conclude whether MVC registration in different postures
interferes in myoelectric activity during the execution of pelvic patterns.

Considering our findings and the neurophysiological approach of PNF-
concept, we indicate pelvic patterns of PNF-concept in clinical practice to
indirectly increase PFM recruitment. This is a functional treatment that provides
sensorimotor relearning, mainly in patients who are not aware of perineal
contraction or in those who are unwilling or unable to use conventional treatment

resources.

In this sense, clinical and physical aspects and values and preferences of
patients must be considered during treatment. Future research should analyze
the effect of other patterns distal to the trunk and assess participants in other
positions. Furthermore, we encourage further studies in patients with

urogynecological dysfunctions for comparative purposes.
CONCLUSION

No statistical difference was found between pelvic patterns of PNF-
concept on PFM activity. However, an effect of combination of isotonics technique
on PFM was observed compared to baseline, with the concentric contraction
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being the one with highest PFM activity. Regardless of pelvic patterns of PNF-
concept, the level of PFM activity was the same during the combination of
isotonics technique. However, in the anterior elevation pattern, TrA/IO and left
gracilis muscles presented in phase synergy with PFM. In posterior patterns
(posterior elevation and depression), the level of activity of all synergistic muscles
decreased without changing the level of PFM activity. Thus, pelvic patterns of

PNF-concept may increase PFM recruitment in young and healthy women.
CLINICAL RELEVANCE

e The four pelvic patterns of PNF-concept may be used to increase PFM

recruitment.

¢ Irradiation through combination of isotonics technique in pelvic patterns of
PNF-concept promotes contraction of synergistic muscles and increase
PFM activity.

e Physical and clinical aspects and patient preferences and values must be

considered during treatment.
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Table 1. Characterization of the sample of healthy women undergoing pelvic
patterns of the PNF-concept (n=31), described in mean, standard deviation and
confidence interval (95% ClI), and absolute and relative frequency.

VARIABLES MEAN % SD (95% CI) | n (%)
Age (years) 23.3+3.2(221-24.4)

BMI (kg/m?) 221+ 2.2 (21.3-22.9)
Physical Activity (yes) 16 (51.6)

Frequency of physical activity (n=16)
2-3 /week 10 (62.5)
2 4 /week 6 (37.5)

sEMG registration (uV)

MVC of the EAS muscle 53.4 +24.2 (44.4 - 62.3)
MVC of the TrA/IO muscles 147.5 + 109 (107.5 - 187.5)
MVC of the (R) Gracilis muscle 185.9 + 156.3 (128.5 — 243.2)
MVC of the (L) Gracilis muscle 209.5 £ 139.2 (158.4 — 260.5)

Note: SD= standard deviation, sEMG= Surface electromyography; MVC =
maximum voluntary contraction; TrA/IO= transversus abdominis/ internal oblique
muscles; EAS= external anal sphincter muscle; (R) Gracilis= right gracilis muscle;
(L) Gracilis= left gracilis muscle; Cl = confidence interval 95%; n = sample size;
BMI = body mass index.
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Table 2. Effect size estimate of two-way repeated measures ANOVA corrected
by the Greenhouse-Geisser, considering the interaction between pelvic patterns
and baseline and variation in the type of contraction in the external anal sphincter
myoelectric activity (RMS em pV) (n=31).

.. Sum of Mean p- Partial

Source of variation F

squares squares value n?
Type of contraction 9135.6 1.6 5682.5 71.5 .00 .705
Error 3830.5 48.2 79.4
PNF-concept pattern 28.6 2,4 11,5 46 .67 .01
Error 1845.3 74.6 247
PNF-concept pattern 143.1 4.6 30.4 2.3 .05 .07
vs Type of contraction
interaction
Error PNF-concept 1829.08 1409 1297
pattern vs Type of
contraction interaction
Within the subjects
Intercept 159694.8 1 159694.8 839.5 .00 .96
Error 5706.3 30 190.2
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Table 3. Analysis of the myoelectric activity (Root Mean Square - RMS) of the
external anal sphincter muscle (uV) during the types of contraction (n=31).

95% confidence
interval for mean

Type of contraction Mean = SD ::?or p-value difference
Lower Upper
Bound Bound

Baseline 10.8+04

Concentric contraction 224+ 11 1.1 .00 -15.1 -8.1

Isometrlt.: post-concentric 173406 07 .00 8.8 49

contraction

Eccentric contraction 15+£0.5 0.5 .00 -5.8 -2.6

Isometric post-eccentric 145405 05 .00 5.2 29

contraction

Note: p-value refers to the baseline mean difference for each type of contraction.

SD: standard deviation.
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Table 4. Effect size estimate of two-way repeated measures ANOVA corrected
by the Greenhouse-Geisser, considering the interaction between pelvic patterns,
baseline and variation in the type of contraction in the myoelectric activity of the
TrA/lO, right gracilis, left gracilis muscles in relation to the EAS (RMS in pV)

(n=31).

Source of variation Sum  of Mean F P- Partia

squares squares value 1In?

Type of contraction 17488.94 1.36 12798.29 54.04 .00 .64
Error 9707.28 40.99 236.79

PNF-concept pattern  2250.72 2.09 1075.41 7.63 .00 .20
Error 8845.64 62.78 140.88

Muscle 8531,650 2.43 3510.26 18.02 .00 .37
Error 1419755 7291 194.71

PNF-concept pattern 2391.64 3.21 743.24 5.67 .00 .15
vs Type of contraction

vs muscle interaction

Error PNF-concept 12648.99 96.53 131.03

pattern vs Type of

contraction vs muscle

interaction

Within the subjects

477023.58 1 477023.58 487.5 .00 .94

Intercept 3

Error 29353.06 30 978.43

Note: TrA/IO= transversus abdominis/ internal oblique muscles; EAS= external

anal sphincter muscle;
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Table 5. Mean of Root Mean Square (RMS) myoelectric activity of the TrA/IO, EAS, right gracilis and left gracilis muscles at

baseline and in each type of contraction (pV) in the four pelvic patterns of the PNF-concept (n=31).

Isometric post-

Isometric post-eccentric

Pelvic Initial sSEMG baseline Concentric contraction . . Eccentric contraction .
pattern Muscle concentric contraction contraction
Mean + SD (95% Cl) Mean £ SD (95% Cl) Mean £ SD (95% Cl) Mean + SD (95% Cl) Mean + SD (95% Cl)
TrA/IO 10.5+4.9 (8.6 — 12.3) 22.4 +16.7 (16.3 — 28.6) 18.4 +11.9 (14 — 22.8) 14.8+8(11.8-17.8) 145+7.3(11.8-17.2)
e EAS 10.6 £ 2.6 (9.6— 11.5) 23.3+9.5(19.8 -26.8) 17.6 £5.8 (15.5-19.8) 15.3+4.4 (13.7 - 15) 145+3.4(13.2-15.7)
(R) gracilis 8.8+2.5(7.9-9.8) 13.6+7.9(11.8-15.3) 12.8+6.2 (10.6 — 15.1) 10.6+3.5(9.3-11.9) 10.3+3.6 (9-11.7)
(L) gracilis 10.1£3.4(8.8-11.3) 21.6+17.4 (15.2-28) 16.5+10.1 (12.8 — 20.2) 15.1£8(12.1 - 18) 16.2+£9.5(12.7 -19.7)
TrA/IO 10.1+£3(9-11.2) 13.6£4.8(11.9-154) 12.1£3.5(10.8 - 13.4) 12.7 £ 3.6 (11.3 - 14) 128 +4.1(11.2-14.3)
PD EAS 11.1+2.7(10.1-12.1) 21.5+6.1(19.2-23.7) 16.5+ 3.6 (15.2-17.9) 15.6+ 3.8 (14.2-17) 15.3+3.7 (13.9-16.6)
(R) gracilis 9.1+2.2(8.3-9.9) 13.1£6.5(10.7 - 15.5) 11.5+4.4(9.9-13.2) 11.9+4.4 (10.3-13.5) 124 +£4.9(10.6 — 14.2)
(L) gracilis 9.6+2(8.8-10.3) 13.7+5.8 (11.6 — 15.9) 12.7 £+ 3.8 (11.3-14.1) 10.9+2.5(9.9-11.8) 11.2+2.8(10.1-12.2)
TrA/IO 10.1£4.5(8.4-11.7) 15+6 (12.8-17.2) 13.6 £4.8(11.8-15.4) 12.1 £ 3.8 (10.7 — 13.5) 13.1+£55(11.1-15.1)
PE EAS 10.8+2.4(9.9-11.7) 22.5+6.8 (20 — 25) 17.4+4.1(15.8-18.9) 13.9+2.7 (12.8-14.9) 13.8+2.6(12.9-14.8)
(R) gracilis 9+22(8.1-9.8) 12.5+5.3(10.6 — 14.5) 11.3+3.9(9.8 - 12.8) 10.4+3.2(9.2-11.6) 10.7+3.4(9.4-11.9)
(L) gracilis 9.8+2(9-10.5) 16.1£8.2(13.1-19.2) 13.5+4.5(11.9-15.2) 11.2+2.6(10.2-12.1) 10.9£2.5(9.9-11.8)
TrA/IO 10.3+4.8(8.5-12.1) 18.2+9.5(14.7 - 21.7) 16.1+6.3(13.7-18.4) 14.6+5.4 (12.6 £+16.6) 13.5+4.9(11.7-15.4)
EAS 10.6 £2.4 (9.7 -11.4) 22.4+7.4(19.7-251) 17.8+4.1(16.2-19.3) 15.1 £ 3.9 (13.7 — 16.6) 145+3.1(13.4-15.7)
(R) gracilis 9.1+24(8.2-10) 10.4 £3.3(9.2-11.6) 10.2+3.1(9.1-11.3) 9.9+2.4(9-10.8) 10.1+£29(9-11.2)
(L) gracilis 10.1+3.6 (8.7 - 11.4) 29.5+27.4 (19.4 — 39.6) 19.9+10.5 (16 — 23.7) 15.4 £10.6 (11.5 - 19.3) 15.6+10.6 (11.7 £ 19.5)

Note: SD= standard deviation; 95% CI= confidence interval 95%; sEMG= surface electromyography; AE= anterior elevation pattern;
PD= posterior depression pattern; PE=posterior elevation pattern; AD= anterior depression pattern; TrA/IO= transversus abdominis/
internal oblique muscles; EAS= external anal sphincter muscle; (R) Gracilis= right gracilis muscle; (L) Gracilis= left gracilis muscle.
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Figure 2. lllustrative image showing the position adopted by the volunteer and the
physiotherapist during the execution of the PNF-concept pelvic patterns: anterior
elevation (1), posterior depression (2), anterior depression (3) and posterior elevation
(4). Source: Author's own archive.
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Review title

Techniques for registration of myoelectric activity of women’s pelvic floor muscles: A scoping review

Abstract

Objective: To identify and present the most common protocols for assessing myoelectric activity of

pelvic floor muscles through surface electromyography in adult women.

Introduction: Surface electromyography is commonly applied in order to measure electrophysiological
activity of the neuromuscular system, both for clinical and research purposes. International
standardization of non-invasive electromyography assessment protocols were developed for most
muscle groups. However, there is still no consensus regarding pelvic floor muscles evaluation, thus

compromising scientific research and clinical applicability.

Inclusion criteria: Studies comprising registration protocols and filtering parameters of surface
electromyographic signals in women aged 218 years old presenting or not with pelvic floor dysfunction
were included. Studies that considered electromyographic biofeedback as a treatment approach only or

invasive electroneuromyography (needle electrode) were excluded

Methods: A literature review was carried out in Medline, Embase, Scopus, Web of Science, CINAHL
and Cochrane Central databases, using MeSH descriptors. The search considered articles published in
the last ten years. Studies were identified and assessed for eligibility by two independent reviewers in
three stages: title, abstract and full text assessment. In case of any disagreement, a third reviewer’s
opinion was considered. Data were extracted and organized in spreadsheets. The results were
presented in categories in order to contribute to the development of a protocol considering the most

used parameters for non-invasive assessment of myoelectric activity of pelvic floor muscles.

Results: 1074 articles were identified in the databases and after the eligibility assessment, 146 studies
were selected for analysis. Of these, 67.8% were observational studies and most researches comprised
populations with pelvic floor dysfunction (56.2%). The intravaginal probe was used in 80.8% of the
articles, being the bipolar sensor with metallic plates placed on both sides of the vagina the most
frequent (71.3%), with a reference electrode positioned on the anterior superior iliac spine (33.5%). The
supine position with the volunteer’s hip and knee flexed was the most frequent position (45.2%). For
recording and analyzing sEMG signals, 56.2% of the studies evaluated the pelvic floor, normalizing the
data by maximum voluntary contraction (MVC), performing the average (44.5%) of 3MVC (37.7%) with

a duration of 5 seconds (28.1%) and 60 seconds of rest (8.2%).

Conclusions: The most frequently used protocol for myoelectrical analysis of the pelvic floor is the
bipolar intracavitary probe with metal plates positioned at 3-9 o'clock and introduced distally to the
vaginal introitus with the volunteer in the supine position with hip and knee flexed, and reference placed
on the anterior superior iliac spine. Besides, three MVC maintained for 5 seconds and 60 seconds of
rest was the most used protocol. The EMG registration techniques used to assess the pelvic floor
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followed the general recommendations of the SENIAM project for the evaluation of other muscles,
although many studies do not report the data in detail on methods section. We suggest that the choice

of surface electrode should be based on the purpose of the sEMG assessment, cost analysis and patient
preferences.

Keywords: Electromyography; Evaluated; Female; Pelvic floor muscles

Abstract word count: 485
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Introduction

Pelvic floor muscles (PFM) are extremely important for maintaining urinary and fecal continence. They
are also primordial in sexual function, support of pelvic organs and viscera, besides displaying a
relationship with breathing and maintenance of body posture’®. In view of the importance for
physiological and postural functions, using a detailed clinical assessment associated with reliable tools

to qualitatively and quantitatively assess this muscle group is necessary.

In addition to the detailed clinical evaluation, surface electromyography (sEMG) is a tool that assesses
motor units excitation in such muscles, being able to quantify the neuromuscular system behavior .

The myoelectric evaluation of the pelvic floor using sEMG is able to predict changes in muscle function,
consistent with clinical diagnosis referring to urogynecological symptoms or dysfunctions 2. In healthy
women, SEMG has been considered a reliable tool in the assessment of PFM in intra-examiner and test-

retest measures regarding resting electrophysiological measures and EMG amplitude °.

Considering its good reliability, such device has been widely used in scientific research and in clinical
practice "°. This application results in the development of different assessment protocols, making it
difficult to standardize and compare results for clinical application. For this reason, in order to
standardize assessment procedures and data collection using sEMG, the SENIAM project (Surface
EMG for a Non-Invasive Assessment of Muscles) was developed. Standardization includes sensor types
and positioning, signal processing and modelling, as well as specific protocols in different muscles 0.
However, myoelectric assessment of PFM is not included in this standard, even after the new updated

recommendations 2.

The assessment of PFM myoelectric activity began in the 1950s in studies that used needle electrodes.
Due to scientific evidence that non-invasive method is a reliable evaluation tool, sEMG has become
indispensable in the evaluation of muscle excitability to predict changes in PFM functioning, being used

in healthy and dysfunctional volunteers %13-1°,

Two types of surface electrodes can be used to capture PFM electromyographic signal: intracavitary
probe (vaginal or anal) and surface electrodes (self-adhesive), placed on the skin or mucosa '¢2°, A
recent study, when comparing PFM myoelectric activity signal through two distinct types and positions
of different surface electrodes (intracavitary probe; just below the labia majora and perianal, at the three
and nine o'clock positions), found that the highest level of myoelectric activity happens when using the
intracavitary probe or when the electrode is positioned in the perianal region, not differing from each
other '®. However, there is still no recommendation for standardization regarding type and positioning

of electrodes for assessing PFM through sEMG.

A preliminary search was carried outin PROSPERO, OSFHOME, the Cochrane Database of Systematic
Reviews, MEDLINE, CINAHL, Scopus, Web of Science and the Joanna Briggs Institute Database of
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Systematic Reviews and Implementation Reports and only a scoping review was identified, aiming at
identifying changes in in electromyographic signal (crosstalk) due to myoelectric activity of muscles
situated close to the investigated muscle in surface electromyography with an intravaginal probe 2'. To
establish a standardized protocol for assessing the myoelectric activity of the PFM by sEMG, the
purpose of this scoping review is to identify the evaluation and analysis protocols of PFM surface
electromyography signal most frequently used in women aged 18 years old and over, in order to
contribute to the inclusion of these muscles in international recommendations for non-invasive

assessment.

Review question(s)

Which protocols for registering and analyzing sEMG signal for assessing women’s PFM have been
mostly used in published studies?

What characteristics of surface electrodes have been mostly used in studies evaluating PFM in women
regarding type (probe or self-adhesive), dimensions and electrode placement (location and distance)?
What is the woman positioning for assessment, number of maximum voluntary contractions (MVC),
repetitions and rest time between contractions are performed during PFM assessments using sEMG in
women?

Which filtering parameters are used in electromyographic signal processing when evaluating PFM in

women?
Which device (model/trademark) is used to record PFM’s electromyographic signal?

Inclusion criteria

Inclusion criteria was determined according to Joanna Briggs Institute recommendations, based on the
acronym PCC (P = Population; C = Concept; C = Context).

Population

This review considered studies that included women aged 18 years old and over with or without pelvic
floor dysfunction.

Studies that encompassed transsexuals as the study population were excluded, as well as complex
surgical procedures, such as neovaginoplasty, in which pelvic floor functionality is compromised, in

addition to the anatomical alteration caused by sex reassignment surgery 2223,

Concept

This review identified and presented registration protocols and filtering parameters for surface
electromyographic signals in studies encompassing women aged 18 years old and older with or without
pelvic floor dysfunction.

The SENIAM project "2 recognized the importance of standardizing registration techniques, as it allows
sEMG data comparisons. In view of this, it established recommendations for sEMG registration
procedures, including: (1) sensor characteristics: sensor configuration (monopolar, bipolar or array/line

electrodes), electrode material and dimension, distance between electrodes, besides electrode



98

trademark; (2) procedures prior to sensor placement: determination of sensor position and reference
sensor considering the appropriate muscle to be assessed, as well as skin preparation techniques; (3)
equipment and sEMG signal processing.

Considering that such factors are commonly observed in any sEMG record and were already included
in the recommendations, the following variables were analyzed in studies encompassing pelvic floor
evaluation protocols: type and dimensions of surface electrode, sensor position and distance between
the electrodes, MVC number, MVC repetitions, rest time between contractions, participant positioning,
filtering parameters for signal analysis and equipment used.

Studies that considered either electromyographic biofeedback as treatment resource only or
electroneuromyography (needle electrode) were excluded.

Context

This review included studies that conducted electromyographic record in health centers or research
institutions.

Types of sources

Considering the need for keeping the information up to date and in view of the fact that sEMG
recommendations were developed based on studies published in the last 5 to 7years in specific SEMG
journals 12, the present scoping review included quantitative studies published in the last ten years (2010
to 2020). Clinical trials and observational studies are considered quantitative studies. The search was
carried out on September 9, 2020. Despite the sEMG recommendations, it was not restricted to specific
journals on the field. As this review aims to analyze protocols only, review studies, texts and expert

opinions were not eligible for inclusion. Besides, no language restriction was applied.

Methods

This scoping review was carried out according to the Joanna Briggs Institute methodology for scoping
reviews, chapter 11 of the JBI Reviewer's Manual 2020 ?*. The method applied in the present review

was previously described in a detailed search protocol 2.

Search strategy

The search strategy aimed at identifying primary studies published in the previous ten years. A
preliminary search was carried out on MEDLINE in order to find studies on the theme. After identification,
the terms contained in title and abstracts of the most relevant articles, as well as the indexed descriptors
or keywords used to describe the studies were extracted in order to guide searches and subsequently
create the search strategy in the databases, under research librarian advices. Thus, descriptors
registered in the Medical Subject Headings (MeSH) and key words applied for each database were:
electromyography; surface electromyography; quantitative electromyography, electromyographic
measurement; pelvic floor; pelvic floor muscle; women. The synonyms were combined with the Boolean

operators “OR” and the operator “AND” was applied between these word groups (See Appendix 1).

Information sources
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The literature search was conducted in the databases: Medical Literature Analysis and Retrieval System
Online (MEDLINE) via PUBMED; EMBASE; Cochrane Central Register of Controlled Trials (CENTRAL);
Cumulative Index to Nursing and Allied Health Literature (CINAHL) via EBSCO; Scopus and Web of
Science via Periédicos CAPES. Two independent reviewers (JKOF and ACSC) conducted the search

and the results found in each database were compared in a consensus meeting.

Study selection

Study selection was conducted by two independent reviewers (JKOF and ACSC) and in case any
disagreement emerged, a third reviewer was consulted (AAM). The results of the database search were
transferred to a Microsoft Office Excel 2013® spreadsheet in order to identify and remove duplicates.
After this, the studies were assessed against eligibility criteria through title and abstract. After reading
the full text, the study inclusion or not was established. The number of studies excluded and the reasons
for exclusion after reading the full text were recorded and reported in this scoping review. Besides, the
results of the search and selection of articles were presented in a flowchart following the
recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-Analyzes —
PRISMA 2.

Data extraction

Data from the included studies were extracted by two independent reviewers and organized in a
Microsoft Office Excel 2013® spreadsheet developed by the authors, which comprised the following
information: author and year of publication, type of study, study population, type of electrode, electrode
dimensions, electrode placement (location and distance), assessment protocol (MVC, number of
repetitions, time between contractions), positioning of the volunteer, sEMG signal filtering process and
equipment used. The data extraction table can be seen in Appendix Ill. Throughout the extraction
procedure, data in the spreadsheet could be changed and revised when necessary. In case of any
disagreement, the third reviewer was invited for a consensus meeting. Authors of articles were contacted

and asked to provide missing or additional data, when required.

Data presentation

A descriptive numerical presentation was carried out. The main data of this review were grouped into
categories to facilitate the organization of a protocol with the most used instruments and parameters on
non-invasive electromyographic evaluation of PFM. The results were presented in the following
categories: (1) electrode positioning and characteristics for pelvic floor assessment using sEMG. This
section described the variables: type of study; study population; type of electrode; electrode dimensions;
electrode’s positioning (location and distance between electrodes); reference electrode and volunteer’s
positioning; (2) sEMG recording protocol and pelvic floor myoelectric signal analysis, describing:
electromyographic registration protocol (Number of repetitions — MVC; muscle contraction duration in

seconds; MVC registration value; rest time between contractions in seconds and assessment of pelvic
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floor muscles); sEMG signal filtering (Low Pass; High Pass and Notch) and equipment used for

evaluation.
Results

Study inclusion

Overall, 1074 articles were identified in the databases and after duplicates removal, 452 studies were
analyzed for eligibility. After the initial screening by title and abstract, 189 studies were evaluated and 6
were excluded because the full text was unavailable even in an attempt to contact the authors of such
studies. For full text reading, 183 articles were analyzed. Of these, 37 were excluded (Appendix Il) for
the following reasons: review study (n=1) ?’, did not assess pelvic floor myoelectric activity by SEMG
(n=23) 28-50; comprised men or children in the study population (n=2) 552, EMG was associated with
urogynecological exams or other specific equipment (n=10) 532, no information in the method was

provided (n=1) . Thus, 146 studies were included for data analysis (Figure 1).



101

Records identified from:

_ Records removed before screening:
Embgse (ni 271) Duplicate records removed (n =
Medline (n=179) 622)
Cinahl (n=102) Records marked as ineligible by
= Scopus (n=220) . _

= . _ automation tools (n = 0)

= Web of Science (n=188)

= _ Records removed for other

S Cochrane (n=114) reasons (n = 0)

EE Registers (n=0) —> casons

g

=
Records excluded by a human:

Title (n= 56)
Records screened Abstract (n=122)
(n=452) Resumos publicados e anais de
congressos (n=85)
Reports sought for retrieval o Reports not retrieved
(n=189) 7] (n=6)
Reports excluded:
Literature review (n = 1)
o Did not assess PFM through sEMG
Reports assessed for eligibility (n=23)
(n=183) — : - o
No information provided in the

o Methods section (n= 1)

= Did not meet the study population

g criteria (n=2)

o EMG was associated with clinical
examination or other specific
equipment (n=10)

3

S Studies included in review

S (n=146)

= Reports of included studies

(n=0)

Figure 1: Results of search strategy in the databases and selection of studies according to PRISMA

statement 2.
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Characteristics of included studies
From the the studies included for analysis (n=146), 32.2% (n=47) were clinical trials 54''° while 67.8%
(n=99) were observational studies '6-1820.111-205 gnd most studies were performed in a population with

pelvic floor dysfunction (56.2%) (Table 1, Appendix IlI).

The descriptive numerical analysis of the included studies was divided into two sections: (1) electrode
positioning and characteristics for pelvic floor assessment using sEMG; (2) sEMG recording protocol
and pelvic floor myoelectric signal analysis. The numerical results are briefly presented in the text and
detailed in tables 1 and 2.

Electrodes positioning and characteristics for pelvic floor assessment using SEMG (Table 1, appendix
1)

In the studies included for analysis, two types of electrodes were used to record the superficial
myoelectric activity of PFM: adhesive electrode was used in 10.3% of the studies (n=20), anal
intracavitary probe in 4.1% (n=6) and vaginal intracavitary probe in 80.8% of the studies (n=118). Some
studies (3.4%) combined two types of electrodes (n=5) and 1.4% did not report which type was used
(n=2).

Thus, the intracavitary probe type electrode was used in the majority of studies and, despite the great
variability of probes, the Vaginal Life-Care Probe PR-02 from Everyway medical instruments co. Itd
(Taiwan) was the most frequently used (n=22). This probe is a bipolar pear-shaped electrode measuring
7.6cm x 2.8cm. Moreover, with regards to intracavitary probes, when electrodes positioning was
evaluated, 71.3% of the included studies used a bipolar electrode, inserted 3-4cm inside the vaginal
canal and its metallic plates were mostly positioned on both sides of the vagina, simulating 3h and 9h

o’clock positioning.

Although the bipolar electrode is more frequently used, some studies used a tripolar electrode with
metallic plates positioned on the lateral and posterior vaginal wall (6.2%), electrode with vertical metallic
plates (4.6%), electrode with circular plates (1.5%) and only one study (0.7%) used a monopolar

electrode.

Regarding studies that included adhesive electrodes (n=20), 70% of them did not provide the
dimensions, 20% used electrodes with dimensions ranging between 3.5 and 3.8 cm in diameter, and
10% used 2.5 cm-diameter electrodes. The following positions were applied: external anal sphincter (3-
9h o’clock) (n=10), bulbocavernosus muscle/major labia (n=8) and perineal tendinous center (n=3).
Some studies applied more than one electrode position for electromyographic analysis.

The reference electrode, normally placed on a bone structure, was more frequently positioned on the
anterior superior iliac spine (33.5%). Other structures were observed as the bone structure of choice:
ulnar styloid process (8.2%), malleolus (5.4%), femur trochanter (1.3%), tibia (1.3%), patella (0.6%),
anterior region of the abdomen (0.6%), sacrum (0.6%) and pubic symphysis (0.6%).
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With regards to recording myoelectric activity of the pelvic floor in women, the supine position with hip
and knee flexion was mostly adopted (45.2%) in the studies analyzed, followed by the lithotomy position
(13%).

SEMG recording protocol and analysis of pelvic floor myoelectric signal (Table 2, appendix Ill)

The electromyographic recording protocol includes the number of repetitions requested to record the
MVC, contraction duration in seconds, rest duration between contractions and the MVC value
considered, i.e., the mean or the highest value. Thus, most of the included studies recorded 3 MVC
(37.7%) with 5 second-duration each (28.1%) and 60 seconds rest between contractions (8.2%).
Moreover, the majority of the studies that described that information in the methods section (44.5%)

considered the mean value of MVC.

When analyzing how PFM assessment was carried out, 56.2% of the studies normalized data based on
MVC value; 22.5% performed the myoelectric signal recording of PFM in a protocol or during a specific
activity; 11% used the Glazer protocol in the assessment and 10.3% of the studies did not report how
such assessment was conducted. However, studies that did not normalized data based on MVC did not
make clear if the normalization was carried out using any dynamic activity or even the MVC and such
information was omitted; another possibility is that data has not been normalized in those studies.

The Glazer protocol is a standardized protocol for pelvic floor assessment using sEMG. It includes
consecutive sets of voluntary muscle contractions with intervening rest periods in this sequence: pre-
baseline rest, phasic contractions, tonic contractions, isometric contractions for muscle endurance
assessment, and post-baseline rest. Signal analysis is conducted using the mean sEMG amplitude,
latency time for muscle recruitment and recovery, changes in spectral frequency, besides sEMG
amplitude variability '32%. Each step has normative values of pelvic floor myoelectric activity in young,
healthy, nulliparous women that serve as comparison values throughout assessments in order to identify

changes in muscle excitation 6,

The descriptive numerical analysis of the included studies demonstrated that the most used filtering
parameter of pelvic floor myoelectric signal was 20 Hz high-pass filter (30.1%), followed by 500 Hz low-
pass filter (36.3%) and, in those studies that provided information on filtering parameters, 60 Hz Notch
filter was applied (2.7%).

The three most used devices for recording sEMG in the included studies were: EMG system (30.1%);
Telemyo (17.7%) and Miotool (8.2%).

Review findings
This review analyzed protocols for sEMG evaluation and PFM myoelectric signal analysis most
frequently used in women aged 18 years and over, in order to contribute to the inclusion of these

muscles in international recommendations for non-invasive assessment.
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After a analysis of the included studies, the sEMG evaluation and the electromyographic signal analysis
protocols most frequently used in scientific research were described. Regarding the positioning and
characteristics of the electrodes, the surface electrode most frequently used for PFM assessment was
the bipolar intracavitary probe with metal plates positioned at 3-9 o'clock and introduced from 3 to 4
centimeters inside of the vaginal canal with the volunteer in supine position, with hip and knee flexion.
Also, in the majority of the studies included, the reference electrode was placed in the anterior superior

iliac spine.

For sEMG of PFM recording, the protocol comprising three MVC maintained for 5 seconds and 60
seconds rest was the most applied one. The electromyographic signal was analyzed considering the
mean of three MVC in the majority of studies as a filtering parameter of electrophysiologicla data, with

20 Hz high-pass and 500 Hz low-pass filters.

Discussion

After identifying studies that used sEMG to assess PFM in women, the intracavitary probe with a sensor
inserted 3 — 4 centimeters distally to the vaginal introitus and positioned at 3 and 9 o'clock position was
the most adopted evaluation method. Three 5-second MVC with 60-second rest was the most commonly
applied protocol for recording sEMG signal. For analysis, 20 Hz high-pass and 500 Hz low-pass filters

were used.

Surface electromyography has been widely used in both research and clinical practice as it is capable
of quantifying the neuromuscular system behavior, evaluating the excitation of motor units present in
the muscles . The standardization of assessment procedures and data collection with sEMG is

prepared by the SENIAM Project through recommendations.

According to the SENIAM project'"'?, bipolar electrodes are the most recommended for non-invasive
myoelectrical assessment and the location of the sensor on the muscle must follow muscle fiber
direction. There are no specific recommendations regarding electrode shape, but the size of the
conductive area of the SEMG electrode towards muscle fibers should not exceed 10mm and the inter-
electrode distance for small muscles, in case of applying adhesive electrodes, should not exceed 4 of
the muscle fiber length. Furthermore, patient positioning depends on the muscle aimed to be assessed
and the reference electrode must be preferably placed on electrically inactive tissues, more specifically

on bony prominences such as C7 spinous process, around the elbow or ankle.

In terms of PFM myoelectric evaluation, two types of surface sensors are commonly used: intracavitary
probe and adhesive electrode. Considering the studies included in this review, intracavitary probe with
a sensor inserted 3 — 4 centimeters distally to the vaginal canal with a bipolar electrode placed on the
side of the vagina was mostly considered for pelvic floor assessment. Such positioning protocol
evaluates pubococcygeus muscle excitation, which is anatomically located in the anterior medial region

of the pelvic diaphragm, and its muscle fibers are oriented towards the anterior posterior direction*.

The intracavitary probe is a reliable tool for capturing the myoelectric activity of the pelvic floor muscles
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and, for decades, it was considered the best option for myoelectric evaluation of PFM, considering that
superficial electrodes would not be ideal for evaluating pelvic floor's deeper muscle layers for two

reasons: different location and function 177.207.208,

However, the literature pinpoints that the intracavitary probe has some flaws. One of them is the
electrode’s lack of full adherence to the muscle to be evaluated. Despite the sensory feedback provided
by the probe, it becomes more susceptible to positional changes during exertion activities performance,
which favors movement artifacts, crosstalk and contamination of SEMG data?’’-2%°, In addition, as the
electrode is attached to the probe surface, its placement may vary for each woman depending on vaginal

morphology?1%-211,

Recently, a study ¢ that evaluated the best sensor position for PFM myoelectrical analysis in women
demonstrated an agreement between electrodes placed on the perianal region at 3 and 9 hours o’clock
position and the intravaginal probe. The authors found no difference between these positions when
evaluating mean and peak root mean square (RMS). Nevertheless, when analyzing the median

frequency, the intravaginal probe presented with higher values.

On the other hand, another study investigated whether the depth of probe insertion and the sensor
direction may alter PFM functional and resting myoelectric activity. The results indicated no difference
in functional sSEMG activity when the sensor is positioned either on the anterior or posterior vaginal wall.
However, an alteration in resting EMG activity was observed, which was greater when positioned on the
anterior vaginal wall. Furthermore, the more distal the vaginal introitus the probe is introduced, the
greater is the myoelectric activity recorded 2. However, this study did not assess the EMG response
when the probe was positioned on the side of the vagina, which is anatomically easier to record the

electrical activity of the pubococcygeus muscle in such position.

As the analysis and normalization of electromyographic data is recommended to be performed using
peak or mean RMS values "4, while the median frequency is commonly used to assess muscle fatigue
212 and muscle fiber type predominance?'®, the use of an intravaginal probe for pelvic floor
electromyographic evaluation is not the only option. Thus, depending on the purpose of the sEMG
evaluation, the cost analysis, as well as the patient's values and preferences, must be considered when

deciding which sensor to use.

Many studies assess the pelvic floor using the Glazer protocol. This method, however, is based on a
non-normalized SEMG signal recording and analysis protocol, which represents an important flaw'320,
Thus, data normalization is recommended, especially considering signal variability during the recording

of such electrophysiological information3-2%.

Data normalization usually requires the proportion between sEMG recorded during a specific task
performance and a reference contraction, which is normally the MVC of the muscle aimed to be
evaluated, thus allowing greater reliability in terms of results interpretation?'4. In addition to MVC, other

muscle activation can be used as reference contractions to normalize data: cough, valsalva and
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abdominal contraction. These activities, when using the peak or the average RMS, demonstrated good
to excellent reliability. Excellent reliability was observed when using the peak RMS of PFM activity during
the 5-second MVC and the mean or peak RMS of PFM activity during abdominal contraction . The

majority of the studies included in this review considered data normalized by the MVC.

In 2021, a new measurement protocol for evaluating PFM was published, in order to improve the flaws
previously identified in the Glazer protocol. The new assessment method maintains the sequence of
contractions proposed by Glazer, with modifications regarding the parameters evaluated during the
sEMG signal processing. Thus, it allows the assessment of clinically important quantitative parameters
of muscle recruitment related to pelvic floor dysfunctions?'*. Despite demonstrating excellent reliability,
the study does not mention either if data were normalized nor if myoelectric activity was assessed by

contractions only.

Another important aspect is the best volunteer’s positioning the sEMG evaluation. The supine position
with hip and knee flexion was the most used in the studies included in the present review. Such position,
however, presents the lowest rest myoelectric activity values, being indicated for basal recording as it
reduces the gravitational action on PFM when compared to standing position '63. Thus, for data
normalization by MVC, this posture would be ideal for a comparative effect with the resting myoelectric

value.

The sEMG captures the signal originated in the muscle. In face of this, noises resulting from the
electrode placement on the skin or mucosa, external sources or electronic components, which are
unavoidable in most cases, are capable of contaminating the signal, leading to a misinterpretation of
muscle excitation. These artifacts are commonly observed when the signal is mainly obtained during
dynamic contractions. Some modern equipment displays advancements capable of reducing part of
these noises, though not those ones related to motion artifacts 2'5.

In order to remove noises, signal filtering is important. Therefore, a Butterworth filter with 10-20 Hz high-
pass and 500-1000 Hz low-pass filters are recommended for applications when performing dynamic
movements. In addition, a scan of about 0.5 pV/bit and slope of 12dB/octis is accurate for any sEMG

application 2'62'7, Regarding signal filtering, most studies used standard filters to reduce artifacts.

Although many studies carried out myoelectric assessment of PFM, the vast majority of studies did not
provide details on how the evaluation was performed, as well as the procedures for recording and
analyzing the electromyographic data. In order to determine standardization and reproducibility, as well
as to analyze the electromyographic data quality, this information is necessary. One of the main barriers
faced throughout the development of the present article was the lack of details or omitted information in

the study methods, which could compromise the results of this review.

Conclusions
The most frequently used sEMG assessment protocol for the pelvic floor in the included studies

encompassed bipolar intracavitary probe as a surface electrode. The sensor was positioned at 3-9
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o'clock and introduced 3 to 4 centimeters inside of the vaginal canal, and the volunteer is positioned in
supine, with hip and knee flexion. Also, in most of the studies included, the reference electrode was

placed in the anterior superior iliac spine.

In order to record sEMG of PFM, the three MVC protocol maintained for 5 seconds comprising 60
seconds of rest between each contraction was the most used. The mean of the three MVC was most
frequently used to normalize the electrophysiological data, with a 20 Hz high-pass filter and a 500 Hz

low-pass filter.

Recommendations for research

As the objective of this review was to identify the most frequently used protocols for assessing pelvic
floor myoelectric activity and for analyzing electromyographic signal, we suggest that other reviews can
analyze the reliability of SEMG for PFM assessment. Moreover, the determination of baseline values for
both young healthy women and women with pelvic floor dysfunction in different conditions should be

investigated as well.

After the publication of this review, we suggest the development and publication of a non-invasive
assessment protocol for the pelvic floor muscles to facilitate standardization in scientific research and

clinical applicability.

Recommendations for practice

As itis a reliable assessment method capable of quantifying important data for evaluating and recording
the patient's evolution, we suggest that this tool should be used in clinical practice using the protocols
described at the conclusion of this review. However, the choice of sensor must be oriented considering

cost-effectiveness, besides patient’s values and preferences.
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Appendix I: Search strategy for databases

Database Search strategy (published in the past ten years).
The search was carried out on September 9, 2020.

EMBASE (women AND ('pelvis floor muscle'/exp OR 'pelvic floor
muscle' OR 'pelvis floor muscle') AND
(‘electromyography'/exp OR 'electric myography' OR
‘electrical myography' OR 'electro myography' OR
‘electro-myographic measurement' OR
‘electromyographic measurement' OR
‘electromyography' OR 'myography, electric' OR
‘quantitative electromyography' OR 'surface
electromyography'))

MEDLINE ("women"[MeSH Terms] OR "women"[All Fields]) AND
(PUBMED) ("pelvic floor"[All Fields] OR "pelvic floor muscle"[All
Fields]) AND (("electromyography"[MeSH Terms] OR
"electromyography"[All Fields]) OR "surface
electromyography"[All Fields] OR "electromyographic
measurement"[All Fields] OR "quantitative

electromyography"[All Fields])

SCOPUS (TITLE-ABS-KEY ( women ) AND TITLE-ABS-
KEY ( "pelvic floor") OR TITLE-ABS-KEY ( "pelvic
floor muscle") AND TITLE-ABS-KEY ( "quantitative

electromyography”) OR TITLE-ABS-

KEY ( "electromyographic measurement”) OR TITLE-
ABS-KEY ( "surface electromyography”) OR TITLE-

ABS-KEY ( electromyography ) )
COCHRANE ("women"):ti,ab,kw AND ("pelvic floor" OR "pelvic floor
muscle"):ti,ab,kw AND (electromyography OR "surface

electromyography" OR "electromyographic
measurement” OR "quantitative

electromyography"):ti,ab,kw
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Records

retrieved

271

179

220

114



CINAHL (women OR female) AND (pelvic floor OR pelvic floor 102
(EBSCO) muscles) AND (electromyography OR surface
electromyography OR electromyographic measurement

OR quantitative electromyography)

WEB OF (women AND ("pelvic floor" OR "pelvic floor muscle"*) 188
SCIENCE AND (electromyography* OR "surface
electromyography" OR "electromyographic

measurement” OR "quantitative electromyography"))
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Table 1. Descriptive numerical analysis regarding electrodes positioning and characteristics identified in the included studies (n=146).

T Study population Type of Electrode dimensions Electrode’s positioning Reference electrode Volunteer’s positioning
electrode (location and distance
between electrodes)
Adhesive Probe (n=129) Adhesiv Probe
(n=20) e (n=20) (n=129)
Clini Pelvic floor Vaginal 3.8cm- Vaginal Life-Care EAS (3- Bipolar ASIS: n=49 (33.5%) Supina com flexao
cal dysfunction: n= intracavitary = diameter: Probe PR-02, 9h electrode  16:206472758081.83841011  dg quadril e joelho:
trial: 82 (56.2%) " probe: n= n=1(5%) "1 Everyway medical o’clock):  with metallic ~ 11:114.115.117,119,124,135,136, n=66
n= 18, 64-69,72,73,76— 1 18 (808%) instruments co. |td, n=11 plates 139,141,142,145,149,150,154,15 (45_2%)16,18,20,65—
47 80,82,83,85-89,91— 17,20,64-68,70— 3_7cm_ Taiwan 16,18,109,112 positioned 7-159,160- 67,72,75,81,84,90,94,98-
(32 93,95-113,115,117— 72,74-92,94— diameter: (760m X 28cm) n= 21 ,127,131,133, on the Side 163,166,167,170,172,174,177,18 100,102,103,105,107,109,113,1
2%) 119,122— 100,102,103,105— n=2 (1 0%) (1 62%) 17,,66,70— 134,145,190,1 (3_9h 6,187,189,190- 14,116,117,120,130,132,136,13
64-110 124,127,129,130,133,13 108,111,113— 117,137 72,74,76,81,84,90,98,100,103,111,1 91 O,CIOCk) and 192,196,197,200,201,203 7,138,142,143,146,149,156,159,
8,139,145— 116,118-126,128— 16,124,126,148,158,163,170 DiStance: introduced 163-165,167,171,175-191,195-
ObS 147,149,150,152,155,15 130,132,135,136,13 3_5cm_ Only 1 3_4cm erSt/ ulna Sty|0|d 198,200,202,203,205
erva 8159.164,165,169,170, 8,139,142~ diameter: Chattanooga Group®, study inside of the process: n=12
tion 173,178,181~ 144,147,148.15015  n=1 (5%)'® Chattanooga, USA reported vaginal (8.2%)1% Lithotomy: n=19
al: 183,187,191,193- > (12.8cm x 2.4cm): n=18 the canal: n=95 (13%)B4:70.71.74.76.79,88.9
n= 195,199,202 189,192,194,196— 2_5cm_ (14%) 88,91,96,159— distance (736%) Ma”eOIUS: n=8 7,101,111,118,121,122,126,145,
99 198,200-203,205 diameter: 161,164,166— between 16,17,66,68,70— (5_4%)113 148,160,161,194
(67 169,171,178,180,183,184,201,205 electrode 76,79,81,82,84,87,
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8%) No pelvic floor Adhesive:n= n=2 (10%) s (2cm 88,90-92,94- Femoral trochanter: Standing: n=17
e dysfunction: n= 15 (10.3%) 16,190 Periform, Neen, UK between  96.98.100.102.103, n=2 (1.3%)"® (11.6%)'783.95.115.1191
18,20, 64 (43 8%) 18,93,109,110,112, (80m X 3 4cm) n= 12 pOleS) 127 107,111,113,114 1 34,135,139,144,147,150,154,15
111- 16,20,70,71,74,75,81,84 117,127,133,134,14 Adhesive (9 3%) 16,118,120,121,12 T|b|a n=2 (1 3%)144 8,162,170,172,192
205 ,87,90,114,116,120,121, 1,145,146,149,191, dimenSionS 68,95,123,129,144,154,155,162,177 3-
125,126,128,131,132,13 195 Not 186,188, 203 Bulbocav  126,128,120,131,1 Patella: n=1 (0.6%)'5 Sitting: n=4
4-137,140- informed: ernosus 36,138,142— (2.7%) 124125128201
144,148,151,153,154,15 Anal n=14 (70%) Physio-Med Services, muscle /  144,148,151,153- Anterior region of
_ o . labi _ _ .
6,157,160-163,166 intracavitary ~ 93.101.109,110.11 Germany (7.5cm x abia 185,157-171,175 abdome: n=1 Not informed: n=40
_ majora: _ _
168,171,172,174 pI’Obe: n= 6 2,127,131,133,134 chm) n=11 (8,5%) 85— J 179,181-186,188. (06%)67 (27_3%)68,69,73,77,78,80,8
177,179,180,184— (4 1%) ,141,145,146,149, 87,94,105,118,153,165,175,176,185 n= 7 190,192-194,196— 2,85-87,89,91-
16,101,131,13
186,188— 73,140,151,193,199 195 201,203-205 Sacrum: n=1 93,96,104,106,108,110,112,123,
190,192,196,201,203— ,204 AS 9572 ThOUght 7,141,190, (0 6%)102 127,129,131,133,140,141,151-
205 Technology Ltd 195 Trip0|ar 153,155,157,166,168,169,173,1
Estudos que Canada (6.9cm x Distance: electrode  Pubic symphysis: n=1 74,193,199,204
utilizaram 2.7cm): n=8 (6,2%) only 1 with metal (0.6%)'®!
eletrOdOS 75,82,114,136,157,181,196,200 p|ates
study
adesivo e positioned Not informed: n=69
reported
sonda Stimpon, Innocept the on the side (47.2%)17:18.:65.66.68-
intracavitaria Biobedded Systems, . and on 71,73,74,76-79,82,88-
distance
:n=5(3.4%) Germany (7cm x posterior/ant 91,92,93,96-100,103,104,106-
between
16,101,131,137,190 27cm) n=7 (5 4%) erior Vaginal 108,110,112,116,121- 123,125-
’ electrode
83,115,119,130,135,139,150 Wa”S: n= 8 128,130-
s (1cm
EStUdOS que (6,2%) 134,138,143,147,148,151,152,15
between
néo FemiscanTM 101 83,115,119,130,13 5,164,169,171,173,178,179,182,1
poles)
informaram: 5,139,150,172
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n=2 (1.4%)

(10cm x 2.5¢cm): n=7
69,104 (5,4%)

101,106,152,173,174,187,202

Miotec, Brazil (8.3cm x
2.8cm): n=6 (4,6%)

16,79,113,120,142,190

T6050 - Thought
Technology Ltd,
Canada (10.3cm x
3.5cm): n=4 (3,1%)

92,131,194,199

Chattanooga Group®,
Chattanooga, USA
(11cm x 1.3cm): n=1
(0.7%)'%3

Pathway Rectal, The

Prometheus Group,
Dover, NH (7cm x

3cm): n=1 (0,7%)"?!

Perineal
central
tendon:
n=3

110,117,149

Not
informed:
n=1 146
*Five
studies
adopted
one of
the
following
positions
: probe,
adhesive
on labia
majora
and/or
on
EAS_16,10

1,131,137,190

83,185,188,193,194,198,199,202,

Electrodes 204

with six

vertical
metal plates
(Femiscan):
n=6 (4.6%)

106,152,173,174,1

87,202

Circular
plate
electrodes:
n=2 (1,5%)

20,80

Monopolar
electrode:
n=1
(0,7%)140

Not
informed:
n=17
(13.2%)

64,65,67,69,77,78,
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Periform+, Neen, UK
(7.3cm x 3.2cm): n=1
(0,7%)"

Periprobe optima 3,

France (12cm x 7.5cm):

n=1(0,7%)"™

Ti1020 Tic
Medizintechnik GmbH
& Co. KG, Germany
(8cm x 2.5cm): n=1
(0,7%)192

Electrode dimensions
not provided: n= 29
(22,4%)

20,64,65,67,77,78,80,89,97,99,107,
108,122,125,128,132,137,138,140,1
43,147,151,156,179,182,189,197,19

8,204

85,86,89,97,99,104
,108,122,132,147 1

56

Note: ASIS = anterior superior iliac spine; EAS = external anal sphincter; n = number of included studies.



Number of
repetitions -
MVC

No
specificatio
n regarding
normalizatio
n by MVC:

n=9
(6,2%)18,90,9

3,95,123,179,180,

188,204

2 MVC: n=9
(6 2%)83,128,

130,135,144,150,1

54,162,203

3 MVC:
n=55

134

Table 2. Descriptive numericla analysis regarding sSEMG registration protocol in the included studies (n=146).

Electromyographic registration protocol

Muscle
contraction
duration in

seconds

2 seconds:
n=6
(4 1 %)113,157,1

81,193,196,200

3 seconds:
n=7
(4 8%)16,68,129

,152,177,190,201

5 seconds:
n=41
(28.1%)'7727

5,83,90,94,95,114,1
21,124,125,128,130
,135-

137,139,144,148,15

MvC
registratio

n value

Mean of
MVCs: n=
65
(44.5%)617

,68,72,75,78,80,8
3,86-
88,94,98,100,107
,113,114,117,118
,120,121,124,125
,128-130,135-
137,139,142,144,
148,150-
154,157,158,162,
164-167,170-
173,175-

177,181,186~

Rest
time
between
contractio
nsin
seconds
2 seconds:
n=1
(0.7%)'®

5 seconds:
n=7

(4 8%)17,124,

148,158,170,172,

197

6 seconds:
n=1
(0.7%)1%?

10 seconds:

n=11
(7_5%)90,117,

Assessment of
pelvic floor

muscles

Data normalized
by MVC: n=82
(56.2%)'¢

18,68,75,78,83,86-
88,90,93-
98,100,105,107,113,114,1
17,118,121,123-125,128-
130,135-
137,139,142,144,148,150-
154,158-162,164-168,170-
177,179-181,184-
190,192,193,196-198,200-

205

Glazer protocol:
n=16 (11%)%"

67,69,72,74,81,111,116,12

Low Pass
(Hz)

250 Hz: n=4
(2_7%)107,151,

197,198

375 Hz: n=1
(0.7%)'?°

400 Hz: n=2
(1 _4%)146,201

450 Hz: n=9
(6_2%)93,101,1

43,148,156,167,18

6,189,202

500 Hz:
n=53

sEMG signal filtering

High Pass (Hz)

6 Hz: n=2 (1.4%)"74

10 Hz: n=21
(14_4%)66,72,83,107,115,116,123,1

30,137,144-
146,148,149,154,155,162,188,197,198,2

03

19 Hz: n=1 (0.7%)'?°

20 Hz: n=44
(30_1%)16,75,81,84,87,93,94,101,10

5,113,114,117-
120,125,128,135,136,139,142,143,150,1
53,156,157,159,160,161,163,165,167,16
8,175,176,180,181,184,186,191,196,200

,201,205

Notc

(Hz)

50
Hz:
n=2
(1.4

%)117

,145

60
Hz:
n=4
(2.7

%)16:

113,14

2,146

Not

infor

Equipment

EMG System: n=44
(301 %)65,73,75,82,85—

87,89,91,92,94,105,114,118,121,12
2,131,132,136,143,146,153,157,159
-161,165-169,171,175,176,180-

182,184,185,189,195,196,200,205

Telemyo: n=26
(1 7_7%)70,71 ,74,76,77,83,90,10

3,107,115,116,119,126,130,135,139
,144,147,150,151,154,162,197,198,

201,203

Miotool: n=12
(8_2%)16,79,99,113,120,127,137

,142,178,183,190,191




(37,7%) 1668

72,75,86-
88,94,96-
98,100,105,107,11
3,114,117,118,129
,136,137,139,142,
151-1563,157,159-
161,164,165,167,1
68,171,173-
177,181,184~
187,189,190,193,1
96-198,200-

202,205

5MVC: n=7
(4 8%)17,120,

124,148,158,170,1

72

6 MVC: n=3

(2%)78,121,125

10 MVC:
n=3

(2%)80,166,192

0,151,153,154,158,
162,165,170,172,17
4-
176,179,180,185,18
7-
189,197,198,203,20

4

6 seconds:
n=1
(0.7%)"%?

10 seconds:
n=1(0.7%)%

15 seconds:
n=1
(0.7%)"4?

Submaximal
contractions:
n=1
(0.7%)%6

Not

informed:

187,189,190,192,

196-198,201-203

The
greatest
MVC: n=10
(6_9%)96,159—

161,168,174,184,

193,200,205

Not
informed:
71
(48.6%)1820

,64-67,69-
71,73,74,76,77,7
9,81,82,84,85,89,

90-
93,95,97,99,101-
106,108-
112,115,116,119,
122,123,126,127,
131-
134,138,140,141,
143,145-

147,149,155,156,

125,129,137,151,

168,171,179,185,

204

12 seconds:

n=1
(0.7%)™®

15 seconds:

n=7
(4 8%)83’130'
ki
135,139,150,154,

162

30 seconds:

n=9
(6 2%)16,159,
ki
160,161,180,184,

188,190,205

40 seconds:

n=1
(0.7%)"

60 seconds:

n=12

0,122,126,157,163,169,19

4

Protocol or
specific activity:
n=33

(22 5%)20,64,71,73,76
,79,80,82,84,91,92,101-

103,108,109,112,115,119,
127,131,133,138,140,145,
146,149,156,178,182,183,

191,195

Not informed:
n=15

(1 0_3%)70,77,85,89,99

,104,106,110,132,134,141,

143,147,155,199

(36.3%)"018

66,71,72,74,75,81,
83,84,87,94,95,10
5,113-115,117-
120,123,127,130,1
34-
137,139,142,144,1
45,149,150,153-
155,157,159-
161,163,165,168,1
75,176,180,181,18

4,191,196,200,205

1000 Hz:
n=11
(7_5%)77,111,1

24,125,128,147,15

8,162,170,188,203

Not
informed:
n=66
(45_2)17,20,64,

65,67-70,73,76,78-
80,82,85,86,88-

92,96-100,102-

135

med: Delsys: n=8
25 HZZ n=1 (0_7%)127 140 (5_5%)101,156,173,174,177,186,
(959 187,202
30 Hz: n=5 %)
(3.4%)18,77,134,147,189 18,20,6 Myomed 932 n=7
4- (4 8%)64,67,88,98,100,112,133
50 Hz: n=4 2
(2.7%)11:124.158.170 4 Myosystem 1400: n=7
116,11 (4 8%)17,66,111,124,148,158,17
80 Hz: n=1 (0.7%)"" & 0
141,14
Not informed: n=67 31441 Neurotrac: n=6
47-205

(459%)1 7,20,64,65,67-70,73,76,78- (4, 1 %)68,102,129,138,164,172
80,82,85,86,88-92,95-100,102-

104,106,108-110,112,121,122,126,131-

Myotrace 400: n=4

133,138,140,141,152,164,166,169,171- (2 7%)72,81 ,84,163

174,177-179,182,183,185,187,190,192-

195,199,202,204 Phenix: n=2

(1 _4%)104,192

U-control - Thought
Technology: n=2
(1 _4%)194,199

Femiscan: n=1
(0.7%)"%?




Not
informed:
n=60
(41,1%)20:64

67,69-
71,73,74,76,77,79,
81,82,84,85,89,91,

92,99,101-
104,106,108~
112,115,116,119,1
22,126,127,131-
134,138,140,141,1
43,145-
147,149,155,156,1
63,169,178,182,18

3,191,194,195,199

n=88
(60.2%)'8206

4-67,69-
71,73,74,76-82,84-
89,91,92,96-
112,115-
120,122,123,126,12
7,131-
134,138,140,141,14
3,145-
147,149,155,156,15
9-161,163,164,167-
169,171,173,178,18
2-
184,186,191,194,19

5,199,202,205

163,169,178~
180,182,183,188,
191,194,195,199,

204

(8_2%)75,95,1

13,114,121,136,1
42,144,187,189,1

96,198

120
seconds:
n=3

(2%)96,97,173

180
seconds:
n=4
(2_7%)86,87,1

18,153

The rest
time was
twice the
contraction
time: n=1
(0.7%)'%

Not
informed:
n=88

104,106,108~

110,112,116,121,1

22,126,131

133,138,140,141,1

52,164,166,169,17

1-174,177-

179,182,183,185,1

87,190,192-

195,199,204

136

Biopac: n=1 (0.7%)"3*

CP511: n=1(0.7%)""

Ultimum-EMG: n=1
(0.7%)'?®

MP36: n=1 (0.7%)'®

Trentadue: n=1
(0.7%)"40

ME6000 EMG: n=1
(0.7%)"%®

Porti32: n=1 (0.7%)%°

Haynl ST-2001M: n=1
(0.7%)'®

Prometheus Pathway
NMR 400: n=1
(0.7%)1%°




137

(60.3%)'820: Not informed: n=18
64- (1 2.3%)69,78,80,93,95—
71,73,74,76,77,79 97,106,108,110,125,128,141,145,14

- 9,188,193,204

82,84,85,88,89,91

-94,98-104,106-

112,115,116,119,

120,122,123,126-

128,131-

134,138,140,141,

143,145-

147,149,152,155-

157,163-

167,169,174~

178,182,183,186,

191,193-

195,199,200-203

Note: MVC = maximum voluntary contraction; n = number of included studies.
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Abstract

Objective To svaluate the sleciromyographic response of the ransversus abdominis/indernal oblique mus-
cles (TrA/10) during the exscufion of the four pelvic palterns of propriocepive neuromuscular facilifofion
(PNF).

Methods Crozz=ectional sudy. Were evaluaied 21 women oged 18-38 years. The right TrA/ IO complex,
ipsilaieral fo the #ion of a PNF bination of isolonics technique was monitored by surfoce slec
fromyography. Three repefifions were performed with fwo-minuie infervals betwesn them in the four PNF
pelvic pattemns: anferior elevation, posterior depression, anterior depression, ond posterior elevafion. For
the analysis of the eleciromyographic signal, a period of 500ms adjusted o the central valus was exdracied
and the Root Mean Square amplitude wos analyzed. Dascriptive siatisfics and ANCOVA fest was used with
a 95% confidence interval.

Results There was a higher TrA/IO adlivity in the concentric phase in the anferior clevalion pattern (36.2
= 32.3 pV) when compared o previous deprassion (19.5 £ 12.9 pV), posterior elevation (16.1 = 8.7 V),
posterior depression 14.6 = 5.9 pV). In addifion, in the antero-elevation there is greafer adlivafion of the
TA/IO muscle complax when compared to the other pafiarns (p <0.01).

Conclusion The higher EMG response of the TrA/1O found in the anderior clevation paltern reveals it
usefulness for clinical use.
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Techniques for registration of myoelectric activity of
women’s pelvic floor muscles: a scoping review protocol

Josepha Karinne de Oliveira Ferro. Andeea Lemos - Alessandra Cardlina de Santana Chagas- Alexa Alves de
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ABSTRACT

Objective: The objective of this revew is to identfy the most frequently used pootocals for analyzing the
myoelectac activity of e pelvic floor muscles dusng surface electromyography In women aged 18 years orolder.
Mﬁ&lﬁummanunﬂylndn and for h purp when
nnm.dqu gl befavior of the dar system. M
although hhem dardized "fcrmctmm:bgnqxﬁc-n
mmmuﬁpdn:hormdglhd\mahsld‘akbm&dunmitusn:hmdcﬁnd
applcabity.

Inclusion criteria: Studies it expbe mgstvaton pooamis and fitesng paameters of surface electromyo-
graghc sgnas in women aged over 18 years old with or without pelvic fibor dysfunction willl be considered. Smdu
encompassng efther eletmmyogephic biofeedback 25 2 tmatment only or elec
(needie clectmde) will be exduded
m.WMMdmﬁepmslo”nmumgmedSmmm
and Cochrane Centra databases will be induded. The search will encomp gistered n MeSH. The
m‘dmnhmdhmwmmwtmnﬁchuﬂambym
abstract, and ful ext. f them sany dig a third wil be ked Dot will be extecnd and

» r-v—r

Wnswﬂwsmm“Mmhﬂhuthmm“mmh
for

organization of 2 protocal with the mast ¢ anly used pa

activity of pelvic Sloor muscles.
Keywords: elec o "

of myoelectric

wog=phy d; fernale; pelvic Sloor musces

181 Evid Synh 2021; 1931727733

Introduction

v he pelvic floor muscles (PFM), kxcated in the

" kower pelvic compartment, are fundamental for
the physiokgical functioning of gastromtestinal and
wmary systems. They have a significant role in the
winary and fecal continence processes by supporting
all abdommal and pelvic viscera, especially m ortho-
static posture.’” Recent studies show that in addi-
ton to visceral functions, the pelvic floor is ako
related to maintaming body posture and respiratory
function.™ Thus, a detailed clinical assessment with

Qwepondence Jaepha Kadere de Olivdn Femo,
o rewfar ogpgmail com

The authars dedlare no conflict of intenst.

DO 1211 1248552000159

relizble tods is esential m order to quantify and
qualify muscle function.

Surface electromyography (SEMG) & an asess-
ment tool capable of quantifying the neuromuscular
system behavior through the excitation of motor
units, thus it 5 a frequently applied resource in
scientific research, with usability and clinical rele-
vance.“* This electrophysiological register detects,
through a nonrinvasive method, changes m polarity
of the muscle fiber membrane as a result of neural
excitation. The amplitude of the dectromyographic
signal refers © the myoelectnic potential of muscle
excitation, preceding muscle activation and, subse-
quently, strength production. ®

Elecromyography (EMG) & consdered the gold
standard for the detection and analysis of muscle
excitation, and when rdated to the myoelectricactivity

Bl Bvidence Syniwsis

(P 3l ™

© 2021 JBI. Unauthorized reproduction of this article is prohibited.
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