or uenizesg |d(q

Adeaay] [edisAyd jo jeudn

()81 990-1das $102

ISSN 1413-3555

BIPTasanen st

2014 Sept-Oct; 18(5)




-

FINANCIAL SUPPORT

COFFITO

Conselho Federal de Fisioterapia e Terapia Ocupacional

Conselho Regional de Fisioterapia e Terapia Ocupacional da 3* Regido

AFAPESP
UEmMG

UNIVERSIDADE FEDERAL
DE MINAS GERAIS

IS Co,

FACULDADE DE MEDICINA
DE RIBEIRAO PRETO

L o

QAcnPq

Conselho Nacionaj de Desenvojvimento
Cientifico e Tecnoldgico

CAPES

Ministério da
Educagdo

Ministério da
Ciéncia, Tecnologia
e Inovagao

G OVERNO FEDERA.L

O

PAIS RICO E PAIS SEM POBREZA

UNIVERSIDADE DE SAO PAULO

Brazilian Journal of

Physical Therapy

EDITORS

Débora Bevilaqua Grossi - Universidade de Sdo Paulo - Ribeirdo Preto, SB, Brazil

Sérgio Teixeira Fonseca - Universidade Federal de Minas Gerais - Belo Horizonte, MG, Brazil
ADMINISTRATIVE EDITOR

Aparecida Maria Catai - Universidade Federal de Sao Carlos - Sdo Carlos, SE, Brazil
INTERNATIONAL EDITOR

David J. Magee - University of Alberta - Canada

LIBRARIAN AND GENERAL COORDINATOR

Dormélia Pereira Cazella - FAl/ Universidade Federal de Sao Carlos - Sdo Carlos, SE, Brazil
SPECIALIST EDITORS

Ana Beatriz de Oliveira - Universidade Federal de Séo Carlos - Sdo Carlos, SP, Brazil

Ana Claudia Mattiello-Sverzut - Universidade de Sdo Paulo - Ribeirdo Preto, S, Brazil

Anamaria Siriani de Oliveira - Universidade de Sdo Paulo - Ribeirdo Preto, SP, Brazil

Anielle Cristhine de Medeiros Takahashi - Universidade Federal de Sdo Carlos - Sdo Carlos, SP, Brazil
Audrey Borghi e Silva - Universidade Federal de Sao Carlos - Sdo Carlos, SE Brazil

Christina Danielli Coelho de Morais Faria - Universidade Federal de Minas Gerais - Belo Horizonte, MG, Brazil

Elaine Caldeira de Oliveira Guirro - Universidade de Sdo Paulo - Ribeirdo Preto, SP. Brazil
Francisco Albuquerque Sendin - Universidad de Salamanca - Spain

Helenice Jane Cote Gil Coury - Universidade Federal de Sao Carlos - Sdo Carlos, SE, Brazil
Hugo Celso Dutra de Souza - Universidade de Sdo Paulo - Ribeirdo Preto, SP, Brazil

Isabel Camargo Neves Sacco - Universidade de Sdo Paulo - Sdo Paulo, SE, Brazil

Jodo Luiz Quagliotti Durigan - Universidade de Brasilia - Brasilia, DE, Brazil

Leani Souza Maximo Pereira - Universidade Federal de Minas Gerais - Belo Horizonte, MG, Brazil
Leonardo Oliveira Pena Costa - Universidade Cidade de Sdo Paulo - Sdo Paulo, SB, Brazil

Luci Fuscaldi Teixeira-Salmela - Universidade Federal de Minas Gerais - Belo Horizonte, MG, Brazil
Marisa Cotta Mancini - Universidade Federal de Minas Gerais - Belo Horizonte, MG, Brazil
Nivaldo Antonio Parizotto - Universidade Federal de Sdo Carlos - Sdo Carlos, SE, Brazil
Patricia Driusso - Universidade Federal de Sao Carlos - Sdo Carlos, SE, Brazil

Paula Lanna Pereira da Silva - Universidade Federal de Minas Gerais - Belo Horizonte, MG, Brazil
Paula Rezende Camargo - Universidade Federal de Sdo Carlos - Sdo Carlos, SP, Brazil

Pedro Dal Lago - Universidade Federal de Ciéncias da Satide de Porto Alegre - Porto Alegre, RS, Brazil
Rosana Ferreira Sampaio - Universidade Federal de Minas Gerais - Belo Horizonte, MG, Brazil
Stela Marcia Mattiello - Universidade Federal de Séo Carlos - Sdo Carlos, SE, Brazil

Tatiana de Oliveira Sato - Universidade Federal de Sdo Carlos - Sdo Carlos, SP. Brazil

Thiago Luiz de Russo - Universidade Federal de Sdo Carlos - Sdo Carlos, SP, Brazil

Verdnica Franco Parreira - Universidade Federal de Minas Gerais - Belo Horizonte, MG, Brazil
BRAZILIAN EDITORIAL BOARD

Ada Clarice Gastaldi - Universidade de Sdo Paulo - Ribeirdo Preto, SP

Amélia Pasqual Marques - Universidade de Sio Paulo - Sdo Paulo, SP

Ana Claudia Muniz Renn6 - Universidade Federal de Sao Paulo - Santos, SP

André Luiz Felix Rodacki - Universidade Federal do Parand- Curitiba, PR

Anna Raquel Silveira Gomes - Universidade Federal do Parand - Matinhos, PR

Armele Dornelas de Andrade - Universidade Federal do Pernambuco - Recife, PE

Carlos Marcelo Pastre - Universidade Estadual Paulista - Presidente Prudente, SP

Celso Ricardo Fernandes de Carvalho - Universidade de Sao Paulo - Sdo Paulo, SP

Claudia Santos Oliveira — Universidade Nove de Julho - SGo Paulo, SP

Cristiane Shinohara Moriguchi - Universidade Federal de Sdo Carlos - Sdo Carlos, SP

Cristina Maria Nunes Cabral - Universidade Cidade de Sédo Paulo - Sdo Paulo, SP

Daniela Cristina Carvalho de Abreu - Universidade de Sédo Paulo - Ribeirdo Preto, SP

Dirceu Costa - Universidade Nove de Julho - SGo Paulo, SP

Ester da Silva - Universidade Federal de Sdo Carlos - Sdo Carlos, SP

Fabio de Oliveira Pitta - Universidade Estadual de Londrina - Londrina, PR

Fatima Valéria Rodrigues de Paula - Universidade Federal de Minas Gerais - Belo Horizonte, MG
Guilherme Augusto de Freitas Fregonezi - Universidade Federal do Rio Grande do Norte - Natal, RN
Jefferson Rosa Cardoso - Universidade Estadual de Londrina - Londrina, PR

Jodo Carlos Ferrari Corréa - Universidade Nove de Julho - Sdo Paulo, SP

José Angelo Barela - Universidade Cruzeiro do Sul - Sdo Paulo, SP

Josimari Melo de Santana - Universidade Federal de Sergipe - Aracajil, SE

Juliana de Melo Ocarino - Universidade Federal de Minas Gerais - Belo Horizonte, MG

Luciola da Cunha Menezes Costa - Universidade Cidade de Sdo Paulo - Sdo Paulo, SP

Luis Vicente Franco de Oliveira - Universidade Nove de Julho - Sdo Paulo, SP

Luiz Carlos Marques Vanderlei - Universidade Estadual Paulista - Presidente Prudente, SP
Luzia lara Pfeifer - Universidade de Sdo Paulo - Ribeirdo Preto, SP

Marco Aurélio Vaz - Universidade Federal do Rio Grande do Sul - Porto Alegre, RS

Naomi Kondo Nakagawa - Universidade de Sdo Paulo - Sdo Paulo, SP

Nelci Adriana Cicuto Ferreira Rocha - Universidade Federal de Séo Carlos - Sdo Carlos, SP
Paulo de Tarso Camillo de Carvalho - Universidade Nove de Julho - Sdo Paulo, SP

Raquel Rodrigues Britto - Universidade Federal de Minas Gerais - Belo Horizonte, MG

Renata Noce Kirkwood - Universidade Federal de Minas Gerais - Belo Horizonte, MG

Ricardo Oliveira Guerra - Universidade Federal do Rio Grande do Norte - Natal, RN

Richard Eloin Liebano - Universidade Cidade de Sdo Paulo - Sdo Paulo, SP

Rinaldo Roberto de Jesus Guirro - Universidade de Sio Paulo - Ribeirdo Preto, SP

Rosana Mattioli - Universidade Federal de Sao Carlos - Sao Carlos, SP

Rosimeire Simprini Padula - Universidade Cidade de Sdo Paulo - Sdo Paulo, SP

Sara Lucia Silveira de Menezes - Centro Universitdrio Augusto Motta - Rio de Janeiro, R]
Simone Dal Corso - Universidade Federal do Rio Grande do Sul - Porto Alegre, RS

Stella Maris Michaelsen - Universidade do Estado de Santa Catarina - Floriandpolis, SC

Tania de Fatima Salvini - Universidade Federal de Sio Carlos - Sdo Carlos, SP

Thais Cristina Chaves - Universidade de Sao Paulo - Ribeirdo Preto, SP

INTERNATIONAL EDITORIAL BOARD

Alan M. Jette - Boston University School of Public Health - USA
Chukuka S. Enwemeka - University of Wisconsin - USA

Edgar Ramos Vieira - Florida International University - USA
Gert-Ake Hansson - Lund University - SWEDEN

Janet Carr - University of Sydney - AUSTRALIA

Kenneth G. Holt - Boston University - USA

LaDora V. Thompson - University of Minnesota - USA

Liisa Laakso - Griffith University - AUSTRALIA

Linda Fetters - University of Southern California - USA

Paula M. Ludewig - University of Minnesota - USA

Rik Gosselink - Katholieke Universiteit Leuven - BELGIUM
Rob Herbert - The George Institute for International Health - AUSTRALIA
Sandra Olney - Queen’s University - CANADA




ISSN 1413-3555

BjP . Brazilian Journal of
Physical Therapy

0000000 ORPOOOOROOOOPOOROOPROPRPOOOOROS

N

Journal affiliated with the

Associacao Brasileira
de Editores Cienfificos

Brasil
@QWD . bl - ftv
apra 3 )
< ASSUCIM}!}O BRASII.EHAgDE PESQUISA
E PﬁS-GMDI.IAGﬂO EM FISIOTERAPIA

|C‘O‘ P|E COMMITTEE ON PUBLICATION ETHICS

Braz ] Phys Ther. 2014 Sept-Oct; 18(5):385-469




The Brazilian Journal of Physical Therapy is published by the Associa¢do Brasileira de Pesquisa e Pds-
Graduacgdo em Fisioterapia - ABRAPG-Ft (Brazilian Association for Research and Graduate Studies
in Physical Therapy). Published since 1996, the Brazilian Journal of Physical Therapy adopts a peer
review process. Each article is only published after it is accepted by the reviewers, who are maintained
anonymous during the process.

The editors accept no responsibility for damage to people or property, which may have been caused by
the use of ideas, techniques or procedures described in the material published by this journal.

The submission of articles presupposes that these articles, with the exception of extended summaries,
have not been previously published elsewhere, nor submitted to any other publication.

The abbreviated title of the journal is Braz J. Phys. Ther. and this must be used in references, footnotes
and bibliographic legends.

The Brazilian Journal of Physical Therapy is freely accessible at the homepage on the web:
http://www.scielo.br/rbfis.

Mission
To publish original research articles on topics related to the areas of physical therapy and rehabilitation

sciences, including clinical, basic or applied studies on the assessment, prevention, and treatment of
movement disorders.

Indexed in
S s :
I “M E D LI N ﬁ Central I1SI Web of Journal Citation Reports® CINAHL][%: er!:.‘,.g?ﬁg

quo refine your rescarch Snﬁ)lscqs

ific Eletro

Cataloguing Card

Brazilian Journal of Physical Therapy / Associagdo Brasileira de Pesquisa
e P6s-Graduagdo em Fisioterapia. v. 1,n. 1 (1996). - Sdo Carlos: Editora
Cubo, 1996-

v.18,n. 5 (Sept/Oct 2014).

Bimonthly

Continued Revista Brasileira de Fisioterapia
ISSN 1413-3555

1. Physical Therapy. 2. Studies. 1. Associacdo Brasileira de Pesquisa e
Pés-Graduacio em Fisioterapia.

Librarian: Dormélia Pereira Cazella (CRB 8/4334)

Contact Address

Brazilian Journal of Physical Therapy
Rod. Washington Luis, Km 235,
Caixa Postal 676, CEP 13565-905
Sdo Carlos, SP - Brasil

+55(16) 3351-8755
contato@rbf-bjpt.org.br
www.rbf-bjpt.org.br

Technical and Administrative Support
Ana Paula de Luca

Leonor A. Saidel Aizza

Raquel Mariane da Silveira

Desktop Publishing and Editorial Consulting

editora @ cubo

solugbes para o universo académico
Printed in acid free paper.

No part of this publication can be reproduced or transmitted by any media, be it electronic, mechanical or photocopy,
without the express authorization of the editors.



summary N .B ilian J | of
O [ -

Systematic Review

385  Noninvasive ventilation and exercise tolerance in heart failure: A systematic review and meta-
analysis
Daiana C. Biindchen, Ana I. Gonzdles, Marcos De Noronha, Ana K. Briiggemann,
Sabrina W. Sties, Tales De Carvalho
Original Articles
395  Morphological aspects and Cox-2 expression after exposure to 780-nm laser therapy in injured
skeletal muscle: an in vivo study
Natalia C. Rodrigues, Roberta Brunelli, Daniela C. C. Abreu, Kelly Fernandes, Nivaldo A. Parizotto, Ana C. M. Renno
402  Low back pain in adolescent and associated factors: A cross sectional study with schoolchildren
Mbénica R. 0. G. C. M. Silva, Ana Fdtima V. Badaré, Marinel M. Dall’Agnol
410  Predictive equations for respiratory muscle strength according to international and Brazilian
guidelines
Isabela M. B. S. Pessoa, Miguel Houri Neto, Dayane Montemezzo, Luisa A. M. Silva,
Armeéle Dornelas De Andrade, Verénica F. Parreira
419  Effect of a single session of transcranial direct-current stimulation on balance and spatiotemporal
gait variables in children with cerebral palsy: A randomized sham-controlled study
Luanda A. C. Grecco, Natdlia A. C. Duarte, Nelci Zanon, Manuela Galli, Felipe Fregni, Claudia S. Oliveira
428  Relationship among vaginal palpation, vaginal squeeze pressure, electromyographic and
ultrasonographic variables of female pelvic floor muscles
Vanessa S. Pereira, Humberto S. Hirakawa, Ana B. Oliveira, Patricia Driusso
435  Influences of hand dominance on the maintenance of benefits after home-based modified
constraint-induced movement therapy in individuals with stroke
Renata C. M. Lima, Lucas R. Nascimento, Stella M. Michaelsen, Janaine C. Polese,
Natdlia D. Pereira, Luci E. Teixeira-Salmela
445  Influence of dual task and frailty on gait parameters of older community-dwelling individuals
Rita C. Guedes, Rosdngela C. Dias, Leani S. M. Pereira, Silvia L. A. Silva, Lygia P. Lustosa, Jodo M. D. Dias
453  The Brazilian version of STarT Back Screening Tool - translation, cross-cultural adaptation and
reliability
Bruna Pilz, Rodrigo A. Vasconcelos, Freddy B. Marcondes, Samuel S. Lodovichi, Wilson Mello, Débora B. Grossi
462  Early and current physical activity: relationship with intima-media thickness and metabolic

variables in adulthood

Manoel C. S. Lima, Mauricio F Barbosa, Tiego A. Diniz, Jamile S. Codogno, Ismael F. Freitas Junior,
Rémulo A. Fernandes

Editorial Rules






systematicreview s o o
b]PTBrazilian Journal of
Physical Therapy

Noninvasive ventilation and exercise tolerance in heart
failure: A systematic review and meta-analysis

Ventilacdo ndo invasiva e tolerdncia ao exercicio na insuficiéncia cardiaca:
Uma revisdo sistematica e metanalise

Daiana C. Biindchen'?, Ana I. Gonzales!, Marcos De Noronha'?,
Ana K. Briiggemann!, Sabrina W. Sties?, Tales De Carvalho?

ABSTRACT | Background: Patients with heart failure (HF) usually develop exercise intolerance. In this context,
noninvasive ventilation (NIV) can help to increase physical performance. Objective: To undertake a systematic review
and meta-analysis of randomized controlled trials that evaluated the effects of NIV on exercise tolerance in patients with
HF. Method: Search Strategy: Articles were searched in the following databases: Physiotherapy Evidence Database
(PEDro), Scientific Electronic Library Online (SciELO), and MEDLINE. Selection Criteria: This review included only
randomized controlled trials involving patients with HF undergoing NIV, with or without other therapies, that used
exercise tolerance as an outcome, verified by the distance travelled in the six-minute walk test (6MWT), VO,peak in the
cardiopulmonary test, time spent in testing, and dyspnea. Data Collection and Analysis: The methodological quality of
the studies was rated according to the PEDro scale. Data were pooled in fixed-effect meta-analysis whenever possible.
Results: Four studies were selected. A meta-analysis including 18 participants showed that the use of NIV prior to the
6MWT promoted increased distance, [mean difference 65.29 m (95% CI 38.80 to 91.78)]. Conclusions: The use of
NIV prior to the 6 MWT in patients with HF may promote increased distance. However, the limited number of studies
may have compromised a more definitive conclusion on the subject.

Keywords: heart disease; exercise intolerance; positive pressure.
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Biindchen DC, Gonzales Al, De Noronha M, Briiggemann AK, Sties SW, De Carvalho T. Noninvasive ventilation and exercise
tolerance in heart failure: A systematic review and meta-analysis. Braz J Phys Ther. 2014 Sept-Oct; 18(5):385-394. http://dx.doi.
org/10.1590/bjpt-rbf.2014.0039

RESUMO | Contextualiza¢io: Pacientes com insuficiéncia cardiaca (IC) usualmente desenvolvem intolerancia ao exercicio.
Nesse contexto, a ventilagdo ndo invasiva (VNI) pode auxiliar no incremento do desempenho fisico. Objetivo: Realizar
uma revisao sistematica e metanalise de ensaios controlados randomizados que avaliaram os efeitos da VNI na tolerancia
ao exercicio em pacientes com IC. Método: Para a estratégia de busca, os artigos foram pesquisados nas seguintes bases
de dados: Physiotherapy Evidence Database (PEDro), Scientific Electronic Library Online (SciELO), MEDLINE. Critérios
de selecdo: foram incluidos somente ensaios controlados randomizados envolvendo pacientes com IC submetidos a VNI,
associada ou ndo a outras terapias, os quais utilizaram como desfecho a tolerancia ao exercicio verificada pela distancia
percorrida no teste de caminhada de seis minutos (TC6); VO pico no teste cardiopulmonar, tempo de permanéncia no teste
e dispneia. Coleta de dados e analise: a qualidade metodologica dos estudos incluidos foi avaliada pela escala PEDro.
Os dados foram agrupados em uma metanalise modelo fixed effect, quando possivel. Resultados: Quatro estudos foram
selecionados. Uma metanalise, incluindo 18 participantes, demonstrou que o uso de VNI prévio ao TC6 foi favoravel ao
aumento da distancia percorrida, [diferenga média 65,29m (IC95% 38,80 a 91,78)]. Conclusdes: O uso de VNI prévio
ao TC6 em pacientes com IC pode promover aumento na distancia percorrida. No entanto, a falta de estudos pode ter
comprometido uma conclusdo mais categorica sobre o assunto.

Palavras-chave: doencas cardiovasculares; intolerancia ao exercicio; pressdo positiva.
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Introducao

A insuficiéncia cardiaca (IC) é uma sindrome
clinica complexa que resulta do comprometimento
da capacidade de enchimento ou ejegdo dos
ventriculos'?, sendo que, em 60% dos casos em
adultos, ocorre o comprometimentodo ventriculo
esquerdo’.

A dispneia de esfor¢o, denominada como
intolerancia ao exercicio, ¢ o principal sintoma da
IC e esta intimamente ligada a sua fisiopatologia®.
A compreensdo dos mecanismos da intolerancia
ao exercicio ¢ primordial no tratamento da IC, uma
vez que ela interfere diretamente no diagndstico
e traduz um mau progndstico para o paciente?.
Esses mecanismos sdo multifatoriais e ainda pouco
compreendidos, dentre eles, evidencia-se a excessiva
necessidade ventilatoria - com mecanica ventilatoria
predominantemente restritiva, fadiga dos musculos
inspiratorios, exacerbado ergorreflexo muscular,
atividade simpatica acentuada ou a combinagéo de
alguns desses fatores®. Todos eles cooperam para o
aumento do comando central motor aos musculos
respiratorios, com consequente aumento da sensago
de esforco e de fadiga, semelhante ao que se verifica
na musculatura esquelética’.

Desse modo, a capacidade funcional encontra-
se limitada ndo somente por fatores cardiacos,
mas também devido a interagdo entre o complexo
cardiopulmonar e o locomotor*. Respostas ventilatorias
anormais, frequentemente comuns nesses pacientes®,
quando somadas a disfungdo muscular periférica,
reduzem a capacidade do paciente de desempenhar
tarefas de vida diaria e prejudicam a sua qualidade de
vida*3, afetando diretamente a condi¢do de realizar
exercicio fisico. Apesar de estudos demonstrarem
beneficios diretos do treinamento fisico regular em
pacientes com IC por promoverem uma melhora
progressiva da tolerancia ao esfor¢o®, aumento do
consumo maximo de oxigénio (VO,)’e aumento da
capacidade oxidativa da musculatura esquelética®,
o fluxo sanguineo dos musculos respiratorios tende
a se elevar significativamente durante a pratica de
exercicio devido a redistribuigdo do fluxo sanguineo
dos musculos locomotores’. Como consequéncia,
ocorre a redugo da oxigenagao para a musculatura
periférica e a elevagdo da concentragdo de lactato,
aumentando a fadiga muscular’.

Nesse contexto, a ventilagao nio invasiva (VNI)
pode reduzir esse trabalho respiratorio e incrementar
o desempenho fisico desses pacientes'® por meio do
aumento da oxigenagdo na microcirculagdo muscular
periférica e melhora do fluxo sanguineo local'!, além

® 386 Braz] Phys Ther. 2014 Sept-Oct; 18(5):385-394

de poder melhorar a oxigenacdo devido ao aumento
da pressdo transpulmonar, que facilita a ventilacao
alveolar'?. Da mesma forma, a VNI pode atuar no
aumento da pressdo intratoracica, com diminuigdo da
pressdo transmural do ventriculo esquerdo, reduzindo
a pré-carga e pos-carga, auxiliando na melhora da
fungéo cardiaca e no alivio dos sintomas da IC".

Sao conhecidas, como terapias de VNI, a pressao
positiva continua nas vias aéreas (continuous positive
airway pressure - CPAP) e a pressdo positiva em
dois niveis de pressdo (Bi-level positive airway
pressure, comercialmente conhecido como BiPAP),
que se caracterizam por promover uma pressao
constante durante a inspiragdo e a expira¢do's!
e pressdo positiva inspiratoria e expiratoria'®!?,
respectivamente.

Considerando que nao ha informag&o consensual
sobre o resultado da utilizacdo desses métodos na
intolerancia ao exercicio, este trabalho teve como
objetivo realizar uma revisdo sistematica com
metanalise de ensaios controlados randomizados que
avaliaram os efeitos da VNI na tolerancia ao exercicio
em pacientes com IC.

Método

A revisdo sistematica foi realizada conforme as
recomendacdes do Preferred Reporting Intens for
Systematic Reviewsand Meta-Analyses (PRISMA)'S.

Critérios de inclusio

A presente revisdo incluiu ensaios clinicos
controlados e randomizados, realizados em pacientes
com IC independente da classe funcional e etiologia.
Critérios de inclusdo: sujeitos com idade superior a
18 anos, sem doenga pulmonar obstrutiva cronica
associada ou desordens do sono, em uso de VNI,
associada ou ndo a outras terapias, como o exercicio
fisico. Os estudos deveriam analisar a tolerancia ao
exercicio como desfecho primario, respondendo, no
minimo, a uma das seguintes variaveis: distancia
percorrida no teste de caminhada de seis minutos
(TC6), shuttle test ou consumo pico de oxigénio
(VO,pico), consumo méximo de oxigénio (VO,max),
tempo de exercicio ou dispneia. Nao houve restricao
de idioma para as buscas, e todos os estudos incluidos
foram traduzidos quando necessario e possivel.

Critérios de exclusio

Estudos com processo de randomizagdo pouco
claro ou mal descritos; intervengdes pouco claras,



mal descritas ou inadequadas; publicacdo somente
em resumos.

Estratégias de busca

A busca por artigos cientificos foi conduzida
por pesquisadores independentes nas bases de
dados eletronicos MEDLINE (via OvidSP), PEDro
e SciELO desde o inicio das bases até junho de
2013, sendo estruturada na forma PICO, acronimo
de paciente alvo, intervencdo, controle, outcome
(desfecho), baseada nas estratégias de busca
conforme as recomendagdes PRISMA'. A procura
foi baseada nas palavras do dicionario Medical
Subject Heading Terms (MeSH), descritores
e operadores boleanos. A primeira busca foi
realizada na base de dados MEDLINE (via OvidSP)
conforme segue: [(heart failure/ or congestive heart
failure.tw) and (CPAP ventilation.tw or continuous
positive airway pressure/ or bilevel positive airway
pressure.tw or positive pressure respiration/ or no
invasive ventilation/ or CPAP) and (exercise/ or
aerobic exercisel or rehabilitation/) and (exercise
tolerancel/)]. As buscas nas bases subsequentes
sofreram adequagdes conforme a base de dados
utilizada, e tais buscas podem ser solicitadas aos
autores. Para complementar, foi realizada uma busca
manual nas referéncias dos artigos incluidos.

Estudos relevantes identificados
através de bancos de dados
eletronicos e listas de referéncias
n=235

Excluidos por
repeticao
n =147

Y

VNI e tolerancia ao exercicio

Selecio dos estudos e qualidade
metodologica

Dois examinadores independentes analisaram
os resultados de pesquisa para encontrar estudos
potencialmente elegiveis. Inicialmente foram
selecionados de acordo com o titulo; em seguida, os
resumos foram analisados, e apenas os que fossem
potencialmente elegiveis foram selecionados. Com
base nos resumos, artigos na integra foram adquiridos
para a finalizacdo dos estudos escolhidos. Em caso
de desacordo entre avaliadores, um terceiro avaliador
tomou a decisdo sobre a elegibilidade do estudo em
questdo.

A qualidade metodoldégica dos estudos
selecionados foi avaliada de acordo com a escala
PEDro". Essa é uma escala com 11 itens destinados
a avaliar a qualidade metodologica — validade
interna e informagdo estatistica — de ensaios
clinicos randomizados. Com exce¢do do primeiro,
cada item respondido positivamente vale um ponto
para a classificagdo geral final (0 a 10 pontos).
Quando essa classificagdo ndo estava disponivel
no site de base de dados PEDro, dois avaliadores
experientes analisaram o estudo independente e
atribuiram uma classificagdo. As discrepancias
entre avaliadores foram solucionadas por um
terceiro avaliador.

Razoes para exclusio:
1. Revisdo sistemdtica,
carta, comentirios, série
de casos, metandlise: 10

PUBMED: 214 artigos

n=88

Artigos selecionados

Artigos excluidos 2. Pacientes sem

| pelo titulo (n = 64) (= diagndstico de 1C: 27
e abstract (n = 19) 3. Pacientes DPOC

PEDro: 15 artigos - *

associado 4 IC: 1

SCIELO: 1 artigo -

elegibilidade
n=>5

Artigos completos
para avaliagdo por

4, Pacientes com
desordens do sono e IC: 7

Artigo ndo
— encontrado
n=1

Busca manual: 5 artigos -

Y

para avaliagio
sistemdtica
n=4

Artigos incluidos

Figura 1. Fluxograma do processo de busca.

5. Intervengiio sem
VNI: 22

6. Desfechos sem
resultados de interesse: 9

7. Desenho do estudo
ndo randomizados: 7
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Extracido dos dados e analise

A extragdo dos dados e analise foi realizada
por dois autores de forma independente, foram
representados em média e desvio padrdo, e os
resultados foram comparados por um terceiro
autor para verificar a acuracia dos dados extraidos.
Quando houve similaridade entre estudos quanto a
intervencao utilizada, as caracteristicas dos pacientes
e as variaveis analisadas, uma metanalise foi
realizada. Uma unica metanalise foi possivel, e os
dados de média e desvio padrao dos estudos incluidos
foram extraidos e convertidos em diferenga de média
(efeito de tratamento) e intervalo de confianca de
95% (IC 95%). A homogeneidade estatistica entre
os estudos foi avaliada por meio do valor teste de
I? a fim de verificar se a pressdo positiva utilizada
no grupo CPAP, em comparacdo ao controle/
placebo, influencia a resposta ao TC6. Considerando
que, para a unica metanalise possivel, ndo se
esperava heterogeneidade significativa, foi realizada
utilizando-se o0 modelo de efeito fixo. Tal metanalise
foi realizada com o sofiware Review Manager 5.2.
Os estudos que nao permitiram realizar esse tipo
de analise foram avaliados de forma individual,
considerando a qualidade metodologica e os dados
apresentados de cada estudo.

Resultados

Um total de 235 artigos foram identificados na
pesquisa (Figura 1), 88 foram selecionados para
avaliacdo de acordo com o titulo e seus respectivos
resumos revisados. Com base nos resumos, cinco
artigos foram elegiveis para uma revisdo completa,
¢ um total de quatro artigos cumpriram todos os
critérios de inclusdo (Tabela 1).

O tamanho amostral dos estudos incluidos
variou de 12 a 22 sujeitos e, no total, envolveram
58 individuos. Quanto a comparacao de terapéutica,
o estudo de O’Donnell et al.** empregou o uso de
diferentes modos de VNI e um grupo controle;
Lima et al.’> ¢ Chermont et al.* utilizaram grupo
controle e placebo, respectivamente, enquanto
Wittmer et al.?! aplicaram outra forma de terapia para
comparacao com a VNI

A avaliagdo da qualidade metodoldégica dos
estudos incluidos esta descrita abaixo (Tabela 2).

Qualidade metodolégica

Dos quatro estudos selecionados*>2%2! dois
encontravam-se indexados na Escala PEDro*?! e
apresentaram a pontuacdo disponivel na base de
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dados. Dois estudos>* foram pontuados de acordo
com a leitura completa do artigo e consenso entre
trés revisores, que estipularam as pontuagdes
correspondentes aos valores de 7 a 10 como estudos
de alta qualidade; 5 e 6, de qualidade intermediaria,
e de zero a 4, de baixa qualidade.

Os escores variaram entre 4 e 6 pontos em
uma escala de zero a 10 pontos. Todos os estudos
perderam pontos nos itens relacionados ao cegamento
do paciente e terapeuta, ¢ somente dois cegaram o
avaliador. O escore minimo de 4 pontos foi observado
em um estudo®, e o escore maximo de 6 pontos foi
observado somente no estudo de Lima et al.>.

Teste de caminhada de seis minutos

Dos quatro trabalhos que avaliaram pacientes com
IC submetidos a VNI, com ou sem exercicio, trés
avaliaram o TC6, ¢ todos demonstraram resultados
positivos**2!, Wittmer et al.! compararam durante
14 dias um programa de exercicios respiratdrios
associado ao CPAP (8 cmH,0) por 30 minutos, com
exercicios respiratorios somente; Chermont et al.*
compararam 30 minutos de CPAP (4 a 6 cmH,0)
versus placebo antes do TC6, ¢ Lima et al.’
demonstraram que o uso do CPAP (10 ecmH,0O) por
30 minutos prévios ao TC6 aumenta a distancia
percorrida quando comparado ao controle sem uso
de CPAP (Tabela 1).

Consumo maximo/pico de oxigénio e tempo
de exercicio

Em nenhum dos estudos foi avaliado VO, pico/max.
O estudo de O'Donnell et al.?® foi o inico que
avaliou o uso de VNI durante o teste de esforgo,
demonstrando que, nos mesmos individuos que
fizeram o teste aleatoriamente com CPAP, pressdo
de suporte e sem nenhum suporte ventilatorio ndo
invasivo (controle), o tempo de permanéncia no
teste foi semelhante ao com pressao suporte e CPAP,
no entanto ocorreu diferenga comparando pressao
suporte ao controle.

Dispneia

Dois estudos avaliaram a dispneia no momento
da execucdo do teste de capacidade funcional>*. O
unico em que se obteve melhora foi o de Lima et al.?,
no qual os pacientes, quando utilizaram CPAP
30 minutos previamente ao TC6, apresentaram
menor sensagdo de dispneia apds a execugdo, quando
comparados aos que realizaram o teste sem o uso de
CPAP, avaliado pela escala de Borg?.
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Efeitos da VNI com modo CPAP na tolerancia
ao exercicio no teste de caminhada de seis
minutos

Embora trés estudos*>?' tenham avaliado o TC6,
os dados de apenas dois** puderam ser agrupados
para analise. A analise de heterogeneidade resultou
em valor I> de 13% (p=0,28), o que demonstrou haver
baixa heterogeneidade entre os estudos. A diferenca
encontrada foi de 65,29 (38,80 a 91,78), com um IC
de 95%. Nota-se que um peso maior foi atribuido ao
estudo de Chermont et al.*, correspondendo a 91,9%.
Observa-se que esse resultado favoreceu o uso do
CPAP na melhora da distancia do TC6 (Figura 2).

Discussao

Pacientes com IC usualmente apresentam dispneia
e fadiga durante o exercicio e/ou atividades de
vida diaria como principais sintomas clinicos>*.
A progressdo desses sintomas, que vinculam as
alteragdes neuro-hormonais ao declinio da funcdo
ventricular no processo de remodelamento miocardico
e vascular e também ao aumento da congestdo
pulmonar, promove uma diminui¢do do nivel de
atividade fisica, provocando o descondicionamento
fisico®. Isso contribui para elevar ainda mais
os sintomas, a limitacdo para atividades de vida
diaria e a intolerancia ao exercicio, reduzindo

Tabela 2. Classificagdo metodologica dos artigos de acordo com a escala PEDro.

O’Donnell et al.*°

Critérios 1999
Critérios de elegibilidade Nao
Selec@o randomizada Sim
Alocagio secreta Nao
Homogeneidade pré-tratamento Nio
Sujeitos cegos Nio
Terapeutas cegos Nao
Avaliadores cegos Nio
Acompanhamento adequado Sim
Intengdo de tratamento Nao
Comparagao entre grupos Sim
Medidas pontuais e de variabilidade Sim
TOTAL 4/10

Wittmer et al.”!

Chermont et al.* Lima et al.’

2006 2009 2011
Sim Nao Sim
Sim Sim Sim
Nao Nao Sim
Sim Nao Sim
Nao Nao Nao
Nao Nao Nao
Sim Sim Nao
Sim Sim Sim
Nao Nao Nao
Sim Sim Sim
Sim Sim Sim
6/10 5/10 6/10

O item critérios de elegibilidade ndo ¢ somado na pontuagao final.

CPAP Controle/Placebo

Estudoou Média DP  Total Média DPP Total Peso Diferenca média IV,

Diferenca média

subgrupo Randimico, IC 95% IV, Randimico, IC 95%
Chermont et
1.4 2009 507 i3 12 446 36 12 91,9% 61,00 [33,37, 88.63] v . 1
EEJ'}‘]“ etal® sy geg 6 420 738 6 81% 114,00 [20,93,207,07]
Total (IC 95%) 18 18 100% 65,29 [38,80, 91,78]
i
Heterogeneidade: Chi2 = 1,14, df = 1 (P = 0,28); I* = 13%:;
Teste efeito geral: Z = 4,83 (P < 0,00001) r T T 1
220 =110 0 110 220
Favorece Controle/Placebo Favorece CPAP

Figura 2. Forest plot dos resultados da metanalise. Comparagdo da intervengao utilizando pressdo positiva com CPAP em comparagao a

um grupo controle/placebo para o desfecho teste de caminhada de seis minutos. Os valores apresentados sdo os efeitos médios (diferenca

entre as médias) e intervalo de confianga de 95%. O efeito médio foi calculado utilizando um modelo de efeito-fixo.
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progressivamente a capacidade funcional, o que
acarreta uma condigdo clinica frequente de alto custo,
geralmente incapacitante e com mortalidade elevada’.

A avaliagdo da capacidade funcional tem sido
amplamente realizada em pesquisas e em condi¢des
clinicas nesses pacientes®, sendo o TC6 um método
simples de avaliagdo desse parametro, de baixo custo,
capaz de reproduzir as atividades de vida diaria®,
avaliar a tolerancia ao exercicio**, determinar o grau
de limitacdo funcional e proporcionar a obtengéo de
estratificacdes prognosticas?>.

A presente revisdo sistematica com metanalise
demonstrou que o efeito de uma tnica sessdo de
VNI com modo CPAP prévio ao exercicio promoveu
aumento da capacidade funcional, expressa pelo
incremento da distancia percorrida no TC6 em
pacientes com IC*3.

A utilizagdo de VNI pode ser capaz de promover
a reducdo da pré e pds-carga dos ventriculos,
aumentando a fracdo de eje¢do do ventriculo
esquerdo (VE) e redugdo do consumo de oxigénio
pelo miocardio associado a produgdo de didxido de
carbono'*?’. A melhora na fun¢ao cardiovascular pode
ser verificada como uma consequéncia do aumento
induzido pelo CPAP na pressdo intratoracica, na
qual a pressdo positiva diminui as grandes variagdes
na pressdo pleural e, consequentemente, reduz a
pressdo transmural do VE, melhorando o desempenho
contratil do corag¢do'. A VNI com CPAP também
diminui a resisténcia vascular periférica, uma
contribuicdo para redugdo da pos-carga do VE. No
seu conjunto, esses efeitos podem causar diminui¢do
na pressdo arterial sistolica, embora a perfusdo
global do tecido periférico esteja elevada, o que
demonstra uma maior eficiéncia cardiocirculatoria'®.
No entanto, os efeitos ventilatorios e hemodinadmicos
da aplicagdo de uma tnica sessdo de VNI antes do
esforgo para aumentar a tolerancia ao exercicio ainda
sdo parcialmente desconhecidos.

Chermont et al.* demonstraram que a VNI com
CPAP, além de aumentar a distancia percorrida no
TC6, reduziu a frequéncia cardiaca (FC) e a pressdo
arterial (PA) em repouso comparando-se ao grupo
placebo, semelhante aos resultados encontrados
por Acosta et al.?®. E, ainda, apresentou aumento
da FC pico durante o TC6, demonstrando aumento
da reserva cronotrdpica, sugerindo que, na ampla
variedade de respostas, essa participou do mecanismo
responsavel pelo aumento da capacidade de exercicio.
Até entdo, Reis et al.? haviam demonstrado que
os efeitos agudos da utilizagdo de CPAP tanto a
5 cmH,O quanto a 10 cmH,O promoveram melhora
na modula¢@o autonémica da FC em pacientes com

VNI e tolerancia ao exercicio

IC cronica®. No entanto, ndo averiguaram se o efeito
persistia apos a retirada do suporte ventilatorio nao
invasivo.

Apesar de Lima et al.’ ndo terem evidenciado
efeitos significativos da realizagdo prévia da pressdo
positiva em comparagdo ao grupo controle nos
parametros hemodinadmicos (FC e PA) ao final do 6°
minuto, na avaliacdo do duplo produto ao final do
exercicio, foram observados menores valores dessa
propriedade fisiologica, bem como melhora da SpO, e
menor dispneia no grupo de pacientes que fizeram uso
do CPAP previamente ao TC6. Essa condigdo remete
ao fato de que a VNI pode ser capaz de melhorar
previamente o desempenho do sistema cardiovascular
e respiratdrio, de tal forma que, durante a realizagédo
do TC6, tais pacientes apresentaram um menor
trabalho cardiaco.

Com relagdo ao suporte ventilatério nao
invasivo utilizado por um periodo mais prolongado,
Wittmer et al.?! evidenciaram que o uso de CPAP
associado a exercicios respiratorios por 14 dias
consecutivos aumentou a distdncia percorrida no
TC6 e a fungdo pulmonar. Por diminuir a resisténcia
de via aérea nos pacientes com IC, a pressdo positiva
aumenta a complacéncia pulmonar, melhora a troca
gasosa, diminui o trabalho respiratorio e reduz a
limitag¢do ao fluxo aéreo?'. Tais resultados corroboram
Yan et al.’°, demonstrando a capacidade da VNI
em melhorar os parametros da fung@o pulmonar e,
dessa forma, possibilitar a realizagdo do exercicio
de maneira mais eficaz®’. No entanto, uma andlise
criteriosa fica prejudicada pela inexisténcia de
estudos semelhantes que possam reforgar a ideia
de que sessdes de CPAP repetidas diariamente
seriam capazes de manter o efeito por um periodo
prolongado.

O unico estudo® que avaliou o uso de VNI durante
um teste de esforgo mostrou que o suporte ventilatorio
ndo invasivo reduziu o desconforto nos membros
inferiores e aumentou a resisténcia ao exercicio,
sendo verificado incremento de 2,8 minutos no uso
de pressdo suporte (PS) durante o teste ergométrico
comparado ao ndo uso de suporte ventilatorio.
Os autores relataram que o aumento do tempo de
exercicio poderia ser explicado pela diminui¢do
do desconforto dos membros inferiores, o que foi
verificado por meio da escala de Borg durante o uso
de VNI. Outro possivel mecanismo corroboram os
achados de Borghi-Silva et al.!! ¢ O’Donnell et al.°
que afirmam que a PS poderia melhorar a perfusdo
periférica e a fracdo de oxigenagdo muscular pela
melhora do débito cardiaco e/ou pela alteragdo da
distribui¢do vascular regional. No estudo de dez casos
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realizado por Azevedo et al.>!, em pacientes com IC,
foi observada melhora significativa no tempo do
teste ergoespirométrico, em média, de 2.55 minutos.
Valores inferiores (1,38 minuto) foram observados por
Steiner et al.*? na utilizagdo de CPAP noturno (>6h)
apos aproximadamente oito meses de intervengao.
A capacidade funcional costuma ser avaliada
pelo teste de esforgo cardiopulmonar que mensura
a tolerancia ao exercicio e auxilia no diagndstico na
IC*. Nenhum dos estudos desta revisdo avaliaram
o VO,max/pico, provavelmente porque foram de
curta duragdo. Ainda, nenhum estudo utilizou VNI
associada a um protocolo de exercicios, o que poderia
contribuir para o aumento do VO, max/pico, visto que
esse desfecho é aprimorado pela pratica de exercicio
fisico regular, principalmente com intensidade de
treinamento suficiente para gerar condicionamento
cardiovascular, especialmente nessa populagdo'34,
Dentre as variaveis analisadas, a dispneia ¢ uma
das mais importantes para o diagnodstico de doengas
cardiorrespiratdrias, visto que ela manifesta-se
quando o paciente realiza suas atividades de rotina?
¢, em casos mais graves, pode progredir para situagdo
em repouso'. Dois estudos desta revisdo avaliaram
a dispneia®?, sendo que apenas o de Lima et al.’
demonstrou que o uso do CPAP por 30 minutos
(10 cmH,0O) foi capaz de diminuir esse sintoma
pos-TC6 em comparagdo com o grupo que nao
realizou a VNI prévia. Em estudo nao randomizado
de Bussoni et al.*%, 11 pacientes com IC foram
submetidos ao TC6 antes ¢ apos o uso de CPAP
(30 minutos; 10 cmH,0), e foi observado que ocorreu
menor dispneia ao final do segundo teste. Entretanto,
pelo pequeno numero de sujeitos, ndo podemos
confirmar se esses resultados se reproduzem quando
adicionado um ntimero maior de participantes.
Outro ponto que necessita mais investigacdo ¢
a pressdo positiva ideal para promover aumento da
tolerancia ao exercicio. Enquanto alguns autores
defendem o valor de CPAP em 10 cmH O, por
promover recrutamento alveolar e ser eficaz nas
trocas gasosas, outros defendem valores menores,
como 6 cmH,O ou o de melhor tolerdncia pelo
paciente**, por demonstrar melhora do débito
cardiaco, com baixos niveis da CPAP.
Apesar de a grande maioria de estudos que avaliam
o efeito da pressdo positiva final, independente do
desfecho, utilizar 10 cmH, 0?3340 ¢ essa estar
recomendada em consenso nacional de ventilagdo
mecanica para pacientes com IC aguda®’, tais
recomendagdes ndo sdo tdo estabelecidas para
pacientes estaveis que estdo ou necessitam iniciar a
pratica de exercicio fisico.

® 392 Braz] Phys Ther. 2014 Sept-Oct; 18(5):385-394

Nesse contexto, nossa metanalise evidenciou que
os valores de CPAP utilizados por Chermont et al.*
(4-6 cmH,O) e Lima et al.’ (10 cmH,0) foram
favoraveis para promover aumento da distancia
percorrida no TC6. Apesar de a qualidade
metodoldgica do estudo de Chermont et al.* (5/10) ter
sido inferior ao de Lima et al.’ (6/10), o maior peso dos
resultados foi atribuido ao estudo de Chermont et al.*
(91,9%). Eles destacam que ¢ possivel que pacientes
nao se adaptem e nao necessitem pressdes proximas
de 10 cmH,0O. Desse modo, de acordo com nossa
metanalise, é possivel sugerir que pressdes mais
baixas podem promover efeitos favoraveis quanto a
tolerancia ao exercicio, evitando desconfortos que,
muitas vezes, leva a falta de aderéncia ao tratamento.

Nossos achados demonstraram que ndo ha estudos
que tenham investigado a utilizagdo de VNI com
dois niveis de pressdo (apenas pressdo suporte®)
na tolerancia ao exercicio em pacientes com IC
estavel. Um dos motivos pode ser devido a esse
modo ventilatério ser mais recente ¢ também por
ser preferencialmente utilizado em pacientes com
presencga de hipercapnia*!.

Assim, os resultados desta metanalise sugerem que
utilizar VNI no modo CPAP, 30 minutos antes do TC6
pode aumentar a tolerancia ao exercicio e que pressao
positiva final abaixo de 10 cmH,O também pode
promover efeito benéfico no aumento da distancia
percorrida. Desse modo, nossos resultados podem
ser utilizados como complemento importante para a
literatura e para os profissionais que trabalham em
servigos de reabilitacdo cardiaca.

Limitacoes do estudo

As limitagdes podem ser descritas em decorréncia
do niimero reduzido de estudos que puderam ser
incluidos na revisao sistematica, uma vez que artigos
indexados sobre 0 tema s8o escassos, 0 que repercutiu
diretamente sobre a metanalise.

Apenas dois estudos puderam ser utilizados para
uma Unica metanalise sobre o desfecho distancia
percorrida no TC6 e, embora tenha sido evidenciada
baixa heterogeneidade, com resultados positivos no
TC6, eles ainda sdo pouco precisos devido ao nimero
de participantes ser pequeno. Da mesma forma,
a qualidade metodolégica dos estudos na Escala
PEDro foram de intermediaria a baixa, limitando uma
resposta “segura”. Isso indica que qualquer estimativa
de efeito € muito incerta, e ¢ muito provavel que uma
pesquisa adicional tenha um impacto importante que
altere a estimativa, sugerindo que novos estudos



deveriam ser realizados com um maior nimero de
pacientes.

Conclusao

Baseada na presente revisdo com metanalise,

sugere-se que o uso de VNI prévio ao TC6 em
pacientes com IC pode promover aumento na
distancia percorrida. Entretanto, a falta de estudos
pode ter interferido em uma analise mais completa
dos efeitos da VNI na tolerancia ao exercicio nesses
pacientes.
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Morphological aspects and Cox-2 expression after
exposure to 780-nm laser therapy in injured skeletal
muscle: an in vivo study

Natalia C. Rodrigues?!, Roberta Brunelli?, Daniela C. C. Abreu?,
Kelly Fernandes*, Nivaldo A. Parizotto!, Ana C. M. Renno*

ABSTRACT | Background: The effectiveness of low-level laser therapy in muscle regeneration is still not well known.
Objective: To investigate the effects of laser irradiation during muscle healing. Method: For this purpose, 63 rats were
distributed to 3 groups: non-irradiated control group (CG); group irradiated at 10 J/cm? (G10); and group irradiated
at 50 J/em? (G50). Each group was divided into 3 different subgroups (n=7), and on days 7, 14 and 21 post-injury the
rats were sacrificed. Results: Seven days post-surgery, the CG showed destroyed zones and extensive myofibrillar
degeneration. For both treated groups, the necrosis area was smaller compared to the CG. On day 14 post-injury, treated
groups demonstrated better tissue organization, with newly formed muscle fibers compared to the CG. On the 21* day,
the irradiated groups showed similar patterns of tissue repair, with improved muscle structure at the site of the injury,
resembling uninjured muscle tissue organization. Regarding collagen deposition, the G10 showed an increase in collagen
synthesis. In the last period evaluated, both treated groups showed statistically higher values in comparison with the CG.
Furthermore, laser irradiation at 10 J/cm? produced a down-regulation of cyclooxygenase 2 (Cox-2) immunoexpression
on day 7 post-injury. Moreover, Cox-2 immunoexpression was decreased in both treated groups on day 14. Conclusions:
Laser therapy at both fluencies stimulated muscle repair through the formation of new muscle fiber, increase in collagen
synthesis, and down-regulation of Cox-2 expression.

Keywords: collagen; cryolesion; cyclooxygenase 2; inflammation process; low-level laser therapy; physical therapy.
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Introduction

Innovative clinical approaches to accelerate muscle
metabolism and to repair damage to muscle tissue
are being developed, including low-intensity pulsed
ultrasound (LIPUS), pulsed electric magnetic field, and
extracorporeal shock wave therapy'. Low-level laser
therapy (LLLT) is also a common modality used to
treat skeletal muscle conditions®*, and several studies
have demonstrated that it is effective in reducing
post-injury inflammatory processes, accelerating
soft tissue healing, and stimulating the formation of
new blood vessels*®. Furthermore, there is evidence
that LLLT has positive effects on muscle tissue and
muscle repair®®. It seems that laser therapy is able to
increase myoblast motility and accelerate muscle fiber
formation®. Also, Baptista et al.> demonstrated that 660
nm laser at 5 J/cm? promoted an increase in collagen
IV immunolabeling in skeletal muscle 7 days after

injury. This result corroborates Renno et al.?, who also
found that laser therapy was capable of decreasing the
necrosis area and producing better tissue organization
at the site of the injured muscle.

Recent studies have shown that LLLT can improve
muscle regeneration through many biochemical
process modulations, including the production
of pro- and anti-inflammatory cytokines such
as cyclooxygenase enzyme’, increased collagen
synthesis, maintenance of the functional integrity of
muscle fibers’, enhanced mitochondrial respiration,
and adenosine triphosphate (ATP) formation®.

Despite the positive effects of LLLT on tissue
regeneration, the mechanism by which this therapy
acts on muscle tissues is not fully understood and,
for many, its use as a treatment modality is still
controversial®. Moreover, in the literature different
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authors use a wide range of wavelengths and
fluencies in the treatment of muscle injury, which
makes it difficult to compare published results and
determine an ideal treatment protocol. Almeida et al.’
suggest that laser radiation at infrared wavelength
can penetrate better through human skin than red
wavelength. This possibility was confirmed by
Brunelli et al.!°, who found positive results, such as
more blood vessels, better organization of muscle
fibers, high MyoD levels, and reduction of lesion
area, using 780 nm LLLT with two different fluencies
of 10 and 50 J/cm?.

In this context and in an attempt to determine
the best parameters, the aim of this study was to
verify the effects of the LLLT parameters used by
Brunelli et al.'?, i.e. infrared 780 nm laser therapy at
two different fluencies (10 and 50 J/cm?), on injured
skeletal muscle by means of the histopathological,
collagen, and Cox-2 immunoexpression analyses of
aspects of structural support and the inflammatory
process.

Method

Animals

Sixty-three Wistar male rats (weighing 300+20
g) were used in the current study. They were kept
under controlled temperature (22+2°C), light-dark
periods of 12 hours, with free access to water and
commercial diet. All animal handling and surgical
procedures were conducted strictly according to
the Guiding Principles for the Care and Use of
Laboratory Animals. This study was approved by the
Ethics Committee of Universidade Federal de Sao
Carlos (UFSCar), Sdo Carlos, SP, Brazil (protocol no.
068/2009). The animals were randomly distributed to
3 groups: non-irradiated control group (CG); group
irradiated at 10 J/cm? (G10); and group irradiated
at 50 J/em? (G50). Each group was divided into 3
different subgroups (n=7) and on days 7, 14 and 21
post-injury, the rats were sacrificed.

Experimental design

Surgery

The animals were subjected to anesthesia with
Xilazin (Syntec®, 20 mg/kg, IP) and Ketamin
(Agener®, at 40 mg/kg, IP) and exposed to cryolesion
of the right tibialis anterior (TA) muscle. The
cryolesion consisted of two freeze-thaw cycles
of the muscle in situ. Freezing was carried out by
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applying the flat top end (0.5%0.5 cm) of a piece of
iron, precooled in liquid nitrogen, to the surface on
the middle belly of the muscle. This position was
sustained for 10s (twice)'. Once the muscles had
thawed, the wounds were closed with polyamide
threads (6-0), and thereafter, the animals were kept
for several hours on a warm plate (37 °C) to prevent
hypothermia.

Laser irradiation

A low-energy Ga-Al-As laser (MM Optics, Sao
Carlos, SP, Brazil), 780 nm continuous wavelength,
4.0 mm? beam diameter, with 10 J/cm? (20 mW; 20
seconds of irradiation; total energy per point 0.4 J)
and 50 J/cm? (40 mW; 50 seconds of irradiation; total
energy per point 2 J), was used in this study. The
irradiation was applied to one point above the area
of the injury through the punctual contact technique.
The treatments started 48 hours post-surgery and
were performed 5 times/week (every 24 hours),
followed by a 48-hour interval. On 7, 14, and 21
post-injury days, animals were sacrificed by CO,
suffocation in order after their TA muscles had been
extracted. Those irradiation regimens were selected
to reproduce the same regimens used at the clinic.

Histopathological analysis

Muscles obtained from all experimental and
control groups were washed immediately with saline
and then fixed in 10% buffered neutral formalin
solution. After fixation, the muscle tissue was
embedded in paraffin. Then, five histological serial
sections (5 um) were obtained from the middle belly
of each TA muscle and stained with hematoxylin
and eosin (H&E stain, Merck). Histopathological
evaluation was performed by an experienced
pathologist (DAR) who was blinded to the treatment
using a light microscope (Olympus Optical Co. Ltd.,
Tokyo, Japan) at 40x magnification. The qualitative
analysis considered changes to the site of the injury,
such as the presence of inflammatory processes,
granulation tissue, necrosis area, focal or diffuse
myofibrillar degeneration. Tissues undergoing
hyperplastic, metaplastic and/or dysplastic changes
were also investigated in each animal'2.

Collagen analysis

The amount of collagen at the site of the injury
was measured through the picrosirius-polarization
method!®. The histological sections were stained
with picrosirius red, which allows the assessment
of structural changes to the new muscle fibers



under polarized light. This method also allows
the quantitative evaluation of the stage of muscle
organization based on the birefringence of the
collagen fiber bundles after staining with picrosirius
and hematoxylin.

Immunohistochemistry

Serial longitudinal muscle sections (4 pm) were
deparaffinized in xylene and rehydrated in graded
ethanol, then pretreated by microwave (Brastemp,
SP, Brazil) with 10 mM citric acid buffer (pH=06)
for 3 cycles of 5 min each at 850 W for antigen
retrieval. The material was pre-incubated with 0.3%
hydrogen peroxide in PBS for 5 min for inactivation
of endogenous peroxidase, and then blocked with
5% normal goat serum in PBS solution for 10 min.
The specimens were then incubated with anti-Cox-2
(Santa Cruz Biotechnology, USA) at a concentration
of 1:400. Incubation was carried out overnight at 4 °C
in the refrigerator and followed by two washes in PBS
for 10 min. The sections were then incubated with
biotin-conjugated secondary antibody (anti-rabbit
immunoglobulin G - IgG) (Vector Laboratories,
Burlingame, CA, USA) at a concentration of 1:200
in PBS for 1 hour. The sections were washed twice
with PBS before the application of preformed avidin
biotin complex conjugated to peroxidase (Vector
Laboratories, Burlingame, CA, USA) for 45 min. The
bound complexes were visualized by the application
of a 0.05% solution of 3-3’-diaminobenzidine and
counterstained with Harris hematoxylin. For control
studies of antibodies, the serial sections were treated
with rabbit IgG (Vector Laboratories, Burlingame,
CA, USA) at a concentration of 1:200 in place of
the primary antibody. Additionally, internal positive
controls were performed with each staining bath.

Cox-2 immunoexpression was evaluated both
qualitatively (presence of the immunomarkers) and
quantitatively. Both analyses were performed in five
predetermined fields using a light microscope (Leica
Microsystems AG, Wetzlar, Germany) according
to a previously described scoring scale from 1 to
4 (1=absent, 2=weak, 3=moderate, and 4=intense)
for immunohistochemical analysis'*-*. The analysis
was performed by two observers (NCR and CT) in
a blinded fashion.

Statistical analysis

Data from the picrosirius analysis were evaluated
using two-way ANOVA, followed by the post-
hoc Newman-Keuls test. The level of statistical
significance was defined as p<0.05, with statistical
power of 95%. Statistical evaluation was carried out

Low level laser therapy during muscle healing

using GraphPad Prism 4 (GraphPad Software, San
Diego CA, USA).

Results

Histopathological findings

Seven days post-surgery, histopathological
findings showed destroyed zones with the presence of
significant multifocal cell recruitment, characterizing
acute extensive myofibrillar degeneration in the CG
(Figure 1-A). In the same way, the G10 presented
diffuse cell recruitment and a smaller necrosis area
compared to the CG (Figure 1-B). The G50 showed
similar morphological findings compared to the CG
(Figure 1-C).

On day 14 post-injury, the CG presented destroyed
zones and high cell recruitment but less diffuse and
more focal when compared to day 7 (Figure 1-D). In
the G10, there was lower cell recruitment, an intense
presence of newly formed muscle fibers and better
tissue organization compared to the CG and G50
(Figure 1-E). Furthermore, the findings of the G10
were similar to those of the G50 (Figure 1-F).

On day 21 post-surgery, the histological findings of
the CG showed a better structural tissue compared to
days 7 and 14 (Figure 1-G). The G10 and G50 showed
similar patterns of tissue repair, with an improved
muscle structure at the site of the injury and tissue
organization resembling that of a non-injured muscle
(Figures 1H, 11).

Collagen analysis

Seven days post-surgery, picrosirius analysis
showed no significant differences among the 3 groups
analyzed. Similarly, 14 days after surgery, collagen
analysis revealed that there was no significant
difference between the CG and G50. However, the
G10 (F(1,20), p=0.03) showed statistically higher
values when compared to the G50. At 21 days, both
treated groups, G10 (£(1,20), p=0.026) and G50
(F(1,20), p=0.019), had statistically higher values
compared to the CG (Figure 2).

Immunohistochemistry

Cox-2 Immunoexpression

Cox-2 expression was consistently observed in
the muscle fibers in all experimental groups. Seven
days post-surgery, intense Cox-2 immunoexpression
was observed in the muscle fibers of the CG
(Figure 3-A) and the G50 (Figure 3-C). However, the
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Figure 1. Injured muscle 7 days after surgery: (A) control group; (B) animals irradiated at 10 J/cm?; (C) animals irradiated at 50 J/cm?.
Injured muscle 14 days after surgery: (D) control group; (E) animals irradiated at 10 J/cm?; (F) animals irradiated at 50 J/cm? Injured
muscle 21 days after surgery: (G) control group; (H) animals irradiated at 10 J/cm?; (I) animals irradiated at 50 J/cm?. Asterisks indicate
granulation tissue. Arrows indicating new fiber muscle. H&E stain. 10 X.

Collagen fiber organization
70.00 -
60.00

1

5 40.00 A
=

=

pixe

Intens

7 days 14 days

mCG mGl0 OG50

21 days

Figure 2. Mean and SD of the collagen evaluation. CG: control
group; G10: animals irradiated at 10 J/cm?; G50: animals irradiated
at 50 J/em?. *p<0.05 vs. CG, # p<0.05 vs. G50, according to the
Newman-Keuls test.

G10 presented only mild Cox-2 immunoexpression
at the site of the injury (Figure 3-B). Fourteen
days post-injury, the CG showed higher Cox-
2 immunoexpressivity compared to the other
experimental groups, especially at the nucleus of
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the muscle fibers (Figure 3-D). Interestingly, both
treated groups presented moderate expression for
this immunomarker (Figures 3-E and 3-F). On day 21
post-injury, a decrease in Cox-2 immunoexpression
was observed in the injured muscle fibers of all groups
(Figures 3-G, 3-H, and 3-I).

Quantitative immunohistochemistry analysis

Figure 4 shows the results of the quantitative
analysis of the Cox-2 immunoexpression. Seven
days post-surgery, the G10 showed significantly
lower Cox-2 immunoexpression compared to the
CG (£(7,22), p=0.002) and G50 (¥(7,22), p=0.0008).
Fourteen days post-surgery, the CG presented
significantly higher Cox-2 immunoexpression
compared to the treated groups (F(7,22), p=0.002
for G10; p=0.0004 for G50). At this point, similar
findings were observed for both laser-irradiated
groups. Twenty-one days post-surgery, no difference
was observed between the experimental groups
(Figure 4).
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Figure 3. Immunohistochemistry for Cox-2 at 7 days after injury: control group (A); animals irradiated at 10 J/cm? (B); and animals
irradiated at 50 J/cm? (C). At 14 days after injury: (D) control group; (E) animals irradiated at 10 J/cm?; (F) animals irradiated at 50 J/
cm? At 21 days after the injury: (G) control group; (H) animals irradiated at 10 J/cm?; (I) animals irradiated at 50 J/cm? Thick arrows

indicate Cox-2 positive cells and thin arrows indicate Cox-2 negative cells. Immunohistochemistry strain. 200X.
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Figure 4. Quantitative evaluation of Cox-2 expression on days 7,
14, and 21 post-surgery. *vs G10; # vs CG and G50.

Discussion

The aim of this study was to investigate the
histomorphological aspects, collagen deposition,
and Cox-2 expression after laser irradiation in
the different phases of muscle healing. The main

results showed that laser irradiated animals showed
a decrease in the inflammatory process, decrease in
the area of necrosis, and better tissue organization
at the site of the injury, especially on days 7 and 14
post-surgery. Moreover, the laser irradiated groups,
especially G10, presented an increased amount of
collagen and decreased Cox-2 immunoexpression.
The improved histomorphological aspects at the
site of the injury, especially in the initial periods
of repair, corroborate the results of Silveira et al.',
who found that LLLT (904 nm) at 5 J/cm? produced
a significant increase in mitochondrial metabolism
and in succinate dehydrogenase activities, which may
have accelerated the muscle healing process. Also,
Cressoni et al.® found that AlGalnP laser treatment
(785 nm) at 12 J/cm? produced a decrease in the
number of leukocytes in the inflammatory infiltrate
in injured muscles in rats. Rizzi et al.'® found that
904 nm laser at 5 J/cm? reduced the inflammatory
response induced by trauma and it was capable of
blocking the effects of reactive oxygen species (ROS)
and the activation of NF-kappaB. Thus, the positive
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effects of LLLT on modulation of the inflammatory
process and stimulation of cell proliferation (such as
myogenic precursor cells and fibroblasts) could result
in improved tissue healing and better structure at the
site of the lesion.

This study showed that LLLT produced an
increase in the amount of collagen at site of injury
in the last periods evaluated. Collagen fibers are
the main components of the basal lamina and
provide structural support for myofibers'’. They
also instruct the satellite cells, myoblasts, and
myotubes to migrate, proliferate, and differentiate
in muscle fibers®. These effects of LLLT on collagen
metabolism are supported by other authors, such
as Baptista et al.2, who found that collagen VI was
modulated by LLLT during muscle regeneration,
which might be associated with the better tissue
outcome. Cressoni et al.® found that LLLT was able
to accelerate the formation of connective tissue
through the proliferation of fibroblasts and collagen
fibers. Based on the findings of the present study, it
can be suggested that the positive effects of LLLT on
collagen metabolism, collagen fiber deposition, and
fiber organization may have provided better support
to new muscle fiber formation in the treated groups
in the last period. Further studies are necessary to
elucidate the issue, as well as specify the type of
collagen.

Cox-2 immunoexpression was also evaluated.
Cyclooxygenase is a key enzyme in the conversion
of arachidonic acid into prostanoids. The expression
of isoform cyclo-oxygenase-2 is relevant to many
pathological processes, including inflammation,
tissue repair, and ultimately carcinogenesis'®. Our
results showed a lower expression of Cox-2 in the
group treated at 10 J/cm? in the first period when
compared to other groups. Albertini et al.'® also
found that LLLT reduced the expression of Cox-2
messenger RNA (mRNA) in the subplantar muscle
of rat paws subjected to carrageenan-induced
inflammation. Furthermore, a previous study
conducted by our research group found evidence
that LLLT was able to promote a down-regulation of
Cox-2 after induced muscle injury using LLLT at 50
J/cm?2 for 6 sessions over 13 days®. We assumed that
the down-regulation of Cox-2 is important because it
attenuates the inflammatory process, inducing tissue
repair in a short time period.

One crucial point that needs to be determined
in the field of laser therapy is the set of parameters
required for optimal stimulation of tissue repair
within the clinical setting. The complexity of the
parameters involved in LLLT (i.e. fluency, power,
pulse or continuous wave mode, and polarization
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state) has meant that a number of negative studies
of LLLT as well as many positive studies have been
published®*?!. Meanwhile, the optimal dose of light
for any particular application has to be evaluated,
because lower or higher doses than this optimum
value will result in negative out comes. These claims
highlight the importance of studies exploring the
effects of different wavelengths and energy densities
on different tissues, in order to try to establish the
safety of laser therapy and treatment parameters
required for optimal stimulation??. It can be inferred
from the present study that similar results in tissue
healing were found by both fluencies employed.

In summary, this study shows that LLLT had
positive effects on muscle repair in rats, mainly with
high fluency at 50 J/cm?. Although further studies and
clinical trials are required, the findings of this study
point to a promising use of this therapeutic modality
for tissue repair.
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Low back pain in adolescent and associated factors:
A cross sectional study with schoolchildren

Dor lombar em adolescentes e fatores associados: Um
estudo transversal com escolares

Moénica R. 0. G. C. M. Silva’, Ana Fatima V. Badaré?, Marinel M. Dall'Agnol®

ABSTRACT | Objective: To determine the prevalence of low back pain nonspecific and associated factors in schoolchildren.
Method: This cross-sectional study investigated 343 adolescents, aged between 12 and 15 years, of both sexes of public
schools. The questionnaire included questions regarding sociodemographic characteristics, type of school transportation,
body mass index and low back pain. The outcome was defined as discomfort localized below the costal margin and
above the inferior gluteal folds in the last 12 months. Results: The prevalence of low back pain in the last year was
57% (n=195) among participants, with no significant difference between the sexes (OR 1.13, 95% CI 0.93 to 1.37).
Advancing age and body mass index were associated with the presence of low back pain in the bivariate analysis. The
remaining seated at school in usual days was considered one of the main activities that trigger symptoms that lasted up
to seven days for the majority (80%) of adolescents. Conclusions: The high prevalence of low back pain presented,
indicating that it is a common condition among these adolescents. There was no difference between the sexes, but had
influence of age and body mass index. Our results point to the need for the development epidemiological studies of low
back pain among children and adolescents.

Keywords: low back pain; prevalence; epidemiology; adolescent; rehabilitation.
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RESUMO | Objetivo: Determinar a prevaléncia de dor lombar ndo especifica e fatores associados em escolares.
Método: Este estudo transversal investigou 343 adolescentes, com idade entre 12 e 15 anos, de ambos os sexos, de
escolas publicas municipais. O questionario abordava caracteristicas sociodemograficas, tipo de transporte escolar,
indice de massa corporal e dor lombar. O desfecho foi definido como desconforto localizado abaixo da margem costal
e acima das pregas gluteas inferiores nos ultimos 12 meses. Resultados: A prevaléncia de lombalgia no tltimo ano foi
de 57% (n=195) entre os participantes, sem diferenca significativa entre os sexos (RP=1,13; IC ., 0,93-1,37). O avango
da idade e o indice de massa corporal foram as variaveis associadas a presenga de dor lombar na analise bivariada. O
permanecer sentado na escola em dias habituais foi apontado como uma das principais atividades desencadeadoras
dos sintomas que tiveram duracdo de até sete dias para a maioria (80%) dos adolescentes. Conclusées: A dor lombar
apresentou alta prevaléncia, indicando que ¢ uma condigdo comum entre esses adolescentes. Nao houve diferenga entre
0s sexos, entretanto teve influéncia da idade e do indice de massa corporal. Nossos resultados apontam para a necessidade
de estudos epidemioldgicos sobre dor lombar entre criangas e adolescentes.

Palavras-chave: dor lombar; prevaléncia; epidemiologia; adolescente; reabilitagdo.
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Introducao

A dor lombar (DL) ou lombalgia ¢ considerada
uma dor ou um desconforto na regido lombar,
localizada abaixo da margem costal e acima das
pregas gliteas, irradiada ou néo para a coxa'. Por ser
uma experiéncia sensorial ou emocional, a dor pode
estar associada a um trauma, o que torna dificil o
seu diagnoéstico?, pois diversos fatores (fisioldgicos,
emocionais e culturais) tornam a resposta ao estimulo
doloroso diferente de individuo para individuo.
Desse modo, ¢ um desafio caracterizar e descrever
essa experiéncia multidimensional ou quantifica-la
em numeros ou dados mensuraveis devido a sua
subjetividade’.

O diagnostico da DL pode ser obtido por meio
da historia clinica do paciente juntamente com um
exame fisico especifico e, entdo, classifica-la em uma
das trés categorias: 1) DL potencialmente associada
a causa especifica da coluna vertebral; 2) DL
potencialmente associada a estenose espinhal; ou
3) DL ndo especifica'. As duas primeiras apresentam
etiologia definida, em que a dor ¢ proveniente de uma
causa especifica, (congénita, neoplasica, inflamatoria,
infecciosa, metabdlica, traumatica, degenerativa ou
funcional) e alcanga menos que 15% da populagado
de adultos, criangas e adolescentes®. Porém, na
maioria das vezes, ndo se consegue determinar o
agente causal, entdo, recebe o diagnostico de DL
ndo especifica’.

Na Europa, a incidéncia anual acumulada desses
sintomas atinge 24% dos adolescentes’, com
prevaléncia que alcanga mais da metade desses
individuos’® e tem se tornado uma condig¢io tdo
comum quanto em adultos, podendo atingir de 70 a
80% da populagdo até os 20 anos de idade °. Diversas
investigacdes sobre DL em criangas e adolescentes
foram realizadas em outros paises’™, porém poucos
estudos observaram a situagao desse sintoma na faixa
etaria em questio no Brasil'%'2. Além disso, observa-
se grande amplitude entre as prevaléncias encontradas
em estudos brasileiros, variando de 13% a 49% em
individuos entre 11 e 19 anos de idade'"'%

Em relagdo a etiologia da DL nédo especifica, a
literatura aponta, como possiveis fatores de risco,
a idade™' o género feminino'*', a cor da pele'’, o
tipo de trahsporte para a escola'’, o encurtamento
muscular’®, o crescimento acelerado em altura!>',
o permanecer sentado'’, o trabalho infantil'”!3, as
dificuldades psicossociais’® e o indice de massa
corporal (IMC)®. Ainda ha autores que consideram a
baixa escolaridade dos pais, como indicador do nivel

Dor lombar em adolescentes

socioecondmico da familia, um fator associado a DL
em criangas ¢ adolescentes?'.

De maneira semelhante ao que ocorre entre
os adultos?, a DL pode afetar tanto a vida social
dos adolescentes?*?* na escola e no lazer quanto
a vida econdmica, que predispde a gastos com
consultas e tratamentos. Diante dessas informagdes,
ainvestigagao da prevaléncia da DL e seus fatores de
risco sdo necessarios para a identificagdo de medidas
preventivas® e intervengoes efetivas a fim de melhorar
a qualidade de vida desses jovens.

O presente estudo buscou determinar a prevaléncia
de DL em adolescentes escolares e sua associacdo
com os fatores sociodemograficos, o tipo de
transporte escolar e o IMC no sul do Brasil.

Método

Este estudo transversal investigou estudantes do
sexto ao nono ano do ensino fundamental de escolas
publicas, de 12 a 15 anos de idade, residentes na
cidade de Santa Maria, RS, Brasil. A Secretaria
Municipal de Educagdo autorizou a execugao
do projeto, forneceu a relagdo das 45 escolas de
ensino fundamental publicas da zona urbana e a
quantidade de alunos por série, por escola e por regido
administrativa, totalizando 5.471 alunos matriculados
em 2012.

O tamanho da amostra foi calculado com o
programa Epilnfo™ software versdo 6,04. Para
obter um poder estatistico de 80% e uma diferenca
significativa (nivel alfa) de 5% entre os adolescentes
expostos e ndo-expostos com razdo de prevaléncia
de 1,3, taxa de abandono estimada em 20%, foram
necessarios incluir 328 adolescentes no grupo.

A amostragem foi realizada em estagios multiplos,
com selegdo estratificada por conglomerados e
proporcional ao niimero de alunos matriculados em
cada uma das seis regides administrativas urbanas
da Secretaria Municipal de Educagdo. Uma escola
por regido foi selecionada por amostra aleatdria
simples, ¢ todos os seus alunos da populacdo-alvo
foram convidados a participar da pesquisa. Caso
houvesse recusa em participar da pesquisa pela
dire¢do da escola ou nio fosse alcangado o ntimero
de alunos necessarios para compor a amostra, outra
escola seria sorteada. Uma escola recusou-se a
participar do estudo com a justificativa de que a
coleta de dados acarretaria atraso para a programagao
escolar, e outra, pela existéncia de projeto de satude
em desenvolvimento na escola, portanto, duas outras
escolas forma selecionadas para compor a amostra.
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Foram excluidos da pesquisa os estudantes com
presenca de alteragdes no Sistema Nervoso Central
(SNC) (paralisia cerebral, paraplégicos) e/ou déficits
cognitivos, de acordo com o registro escolar, ¢ os
individuos com problemas musculoesqueléticos
(fraturas em membros superiores, membros inferiores,
tronco e uso de proéteses) ¢ também gravidez,
observados pela entrevistadora, pois poderiam
interferir na qualidade da antropometria.

A pesquisa teve aprovagio do Comité de Etica
em Pesquisa da Universidade Federal de Santa
Maria (UFSM), Santa Maria, RS, Brasil, sob parecer
n°® 7061/2012, nos termos da Resolugdo 196/96 do
Conselho Nacional de Satde. A pesquisadora instruiu
os alunos acerca do processo de obtengdo do termo
de consentimento livre e esclarecido, de maneira que
0s pais ¢/ou responsaveis autorizassem a participagdo
deles no estudo. Da mesma maneira, um termo de
assentimento deveria ser assinado pelos proprios
adolescentes.

A coleta dos dados foi realizada entre maio e julho
de 2012, em duas visitas: uma para aplicacdo do
questionario e outra para aferigdo de peso ¢ estatura,
ambas realizadas por uma das pesquisadoras. O
questionario foi respondido pelos adolescentes
apos a leitura de cada questdo e suas respectivas
alternativas pela entrevistadora, que esclarecia
duvidas, ressaltando que as respostas deveriam ser
individuais e voluntarias. A entrevista ocorria em sala
indicada pelas escolas, com grupo de 20 a 25 alunos,
com dura¢@o em torno de 30 minutos. As perguntas
eram pré-codificadas e abordavam caracteristicas
sociodemograficas, tipo de transporte a escola, DL e
posigdes desencadeantes, além da afericdo de peso
e estatura para calculo do IMC.

As variaveis sociodemograficas avaliadas foram
idade, género, trabalho infantil remunerado (sim e
ndo), cor da pele autoescolhida (branco, negro, pardo,
asiatico e indio) e nivel de ensino do responsavel de
maior escolaridade (ndo estudou, ensino fundamental
incompleto e completo, ensino médio incompleto e
completo, nivel superior incompleto e completo).
A determinagdo da cor pele autoescolhida pelos
adolescentes foi posteriormente utilizada como forma
de determinar a etnia.

O tipo de transporte utilizado para ir a escola foi
classificado em: a pé, de bicicleta, de onibus, de
carro ou outro. As respostas foram agrupadas em:
“transporte passivo,” quando os jovens utilizavam
como meio de transporte o carro, a motocicleta ou o
onibus, e “transporte ativo,” quando se deslocavam
a pé ou de bicicleta. O tipo de transporte, a cor da
pele e a escolaridade dos pais foram agrupados
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para a analise bivariada, conformando as categorias
apresentadas nas tabelas para fins de se obterem
grupos adequados ao teste de hipoteses.

A variavel dependente DL ndo especifica foi
definida anatomicamente como qualquer dor que
ocorre entre a décima segunda costela e prega glitea
inferior, sem irradiagdo para membros inferiores'>.
Para aumentar a precisdo da coleta dos dados,
acrescentou-se, a essa defini¢do, a duracdo minima
de 24 horas dos sintomas, para evitar as situagdes
de DL por fadiga, as quais podem se resolver em
poucas horas!?. Para aferir esse desfecho, utilizou-
se a versdo adaptada por Sjolie?, para criancas e
adolescentes, do Questionario Nordico (Standardized
Nordic Questionnaire, originalmente criado por
Kuorinka®). A versdo adaptada foi validada para a
lingua portuguesa e possui um excelente Coeficiente
de Correlagdo Intraclasse (0,70 a 0,99) e Alfa de
Cronbach (0,795). Ele especifica a regido lombar em
um desenho do corpo humano e investiga a dor por
meio de nove questdes dicotdmicas (sim e ndo). O
instrumento avalia a DL no ltimo ano e sua duragio
em dias (um a sete dias, oito a 30 dias, mais de 30
dias - porém ndo todos os dias- e todos os dias), a
presenca de trauma na coluna lombar (para critério
de exclusdo) e também se o entrevistado reconhece
como desencadeante ou intensificador da dor a
permanéncia em algumas posic¢des (sentado na escola
em dias habituais, sentado em casa, sentado no carro,
sentado em outras situagdes, exceto as ja listadas,
assistindo a televisdo e nos trabalhos fisicos)'.

Para analisar o IMC, obtido pela divisdo
do peso em quilos pelo quadrado da altura em
metros, foi considerado excessivamente magro o
IMC<17 Kg/m?; normal, se 17-24,9 Kg/m?; sobrepeso,
se 25-29,9 Kg/m? e obeso, se >30 Kg/m?, por ser essa
a classificacdo considerada mais adequada para
infancia e adolescéncia?’. As categorias sobrepeso
e obeso foram agrupadas em “acima do peso” para
analise de associacdo. O peso e a estatura foram
verificados utilizando-se uma balanga eletrénica
digital da marca Soehnle, com estadidmetro
constituido por uma haste metalica escalonada de
zero a 2,30 metros, com intervalos de um centimetro
e aferidos com as técnicas recomendadas pela
Organiza¢ao Mundial de Satude?.

As informagdes foram armazenadas em um
banco de dados no software Epilnfo 6.04, com dupla
digitacdo, validagdo dos dados e posterior analise
descritiva e bivariada. A analise descritiva mostrou
as distribui¢des de frequéncia absoluta e relativa
para variaveis categéricas, média e desvio padrdo
para variaveis continuas. Na abordagem analitica,



Tabela 1. Distribui¢ao da amostra de adolescentes de acordo com
sexo, idade, grupo étnico e IMC das escolas publicas de Santa
Maria, RS, Brasil, 2012 (n=343).

n %

Sexo

Meninas 210 61%

Meninos 133 39%
Idade

12 anos 117 35%

13 anos 119 36%

14 anos 67 20%

15 anos 32 10%
Grupo étnico

Branco 164 49%

Negro 41 12%

Pardo 114 34%

fndio 15 5%

Asiatico 3 1%
IMC

Excessivamente magro 39 12%

Normal 236 72%

Sobrepeso 41 13%

Obeso 10 3%

Até 2% ignorados; 4-5% ignorados.

Tabela 2. Distribui¢do da amostra de acordo com nivel de
escolaridade dos pais, trabalho infantil remunerado, tipo de
transporte dos adolescentes das escolas piblicas de Santa Maria,
RS, Brasil, 2012 (n=343).

n %

Escolaridade dos pais

Nio estudou 8 3%

Fundamental incompleto 124 43%

Fundamental completo 27 9%

Médio incompleto 65 23%

Meédio completo 63 22%
Trabalho remunerado

Sim 44 13%

Nao 297 87%
Tipo de transporte

Apé 276 84%

Onibus 24 7%

Outro 14 4%

Carro 11 3%

Bicicleta 3 1%

Até 2% ignorados; 4-5% ignorados;16% ignorados.

Dor lombar em adolescentes

foi realizada a analise bivariada com calculo das
razdes de prevaléncias (RP) com 95% de intervalo
de confianga (IC), e o teste de Qui-quadrado para
variaveis nominais, considerando significativas as
associagdes com p<0,05.

Resultados

Este estudo transversal abordou 355 adolescentes,
estudantes de escolas publicas, no ano de 2012. As
perdas daqueles que concordaram em participar da
pesquisa representaram 3% dessa amostra (n=12)
devido a interrupg¢ao da entrevista por uma docente
que havia programado outras atividades para os
alunos. A amostra final incluiu 343 individuos, com
maior nimero de meninas, brancos ou pardos, IMC
normal e com média de idade de 13 anos (DP=0,96)
(Tabela 1). Quase a metade dos pais dos entrevistados
tinha escolaridade inferior ao ensino fundamental,
a maioria dos estudantes deslocava-se a pé para a
escola e foi detectada a ocorréncia de trabalho infantil
remunerado em 13%. Essas caracteristicas estdo
ilustradas na Tabela 2.

Entre os adolescentes que referiram ter sofrido
lombalgia no ultimo ano, a atividade e/ou posicao
mais citada que iniciou ou aumentou a dor foi
permanecer sentado na escola, seguida por sentado
em outra situagdo, sentado em casa, fazendo
trabalhos fisicos, durante a aula de educacdo fisica,
vendo televisdo e sentado no carro, como pode ser
observado na Tabela 3.

A prevaléncia de lombalgia no ultimo ano de foi
57% (n=195) entre os participantes, sendo 60% nas
meninas (n=125) e 53% nos meninos (n=70), sem
diferenca significativa entre os sexos (RP=1,13; IC_,,,
0,93-1,37). A analise bivariada também mostrou uma
tendéncia de aumento de prevaléncia da DL com o
avango da idade, sendo estatisticamente significativa
nos 14 anos, quando comparada com os 12 anos.

O IMC esteve associado com a DL, sendo que a
prevaléncia foi significativamente menor entre os
excessivamente magros quando comparados com 0s
normais. Nao houve diferenca de DL entre os obesos
comparados com os normais. A cor da pele (Tabela 4),
o trabalho infantil remunerado, a escolaridade dos
pais e o transporte para a escola ndo se associaram a
lombalgia (Tabela 5).

A DL teve duragdo de até sete dias para a maioria
dos adolescentes com o desfecho (80%), porém 7%
referiram que a dor estava presente todos os dias e,
para 5%, a dor teve durag@o superior a 30 dias. N&o
houve associagdo da duragdo da lombalgia com as
demais variaveis avaliadas.
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Tabela 3. Atividades ou posi¢oes desencadeantes ou agravantes da Di 3
dor lombar em adolescentes de escolas publicas de Santa Maria, Scussao

RS, Brasil, 2012 (n=195). Este estudo constatou que a DL ¢é altamente

n % prevalente entre estudantes de 12 a 15 anos de escolas

Sentado na escola 131 70% publicas, sendo semelhante entre meninos e meninas.
Sentados em outra situagdo 108 60% O delineamento transversal deste trabalho ndo permite
Sentado em casa 102 579, inferir causalidade, contudo o tamanho da amostra foi
Trabalhos fisicos 08 53% suficiente para detectar relagdes entre o desfecho e as
Na aula de educagdo fisica %0 459 var1év§1s estudadas. O aumentq daidade associou-se
com o incremento da ocorréncia da lombalgia, mas,

Vendo televisio 60 33% por outro lado, esse problema foi menos frequente
Sentado no carro 30 17% entre os adolescentes excessivamente magros
4-8% ignorados. (ou seja, aqueles que apresentaram IMC<17 Kg/m?).

Tabela 4. Analise bivariada da prevaléncia de dor lombar segundo género, idade, grupo étnico e IMC dos adolescentes de escolas ptblicas
de Santa Maria, RS, Brasil, 2012 (n=343).

Prevaléncia de
n dor lombar RP (IC,) p-valor
Género
Meninas 125 60% 1,13 (0,93-1,37) 0,21
Meninos 70 53% 1,00
Idade
12 anos 59 51% 1,00
13 anos 66 55% 1,09 (0,86-1.39) 0,48
14 anos 44 67% 1,31 (1,02-1,68) 0,039
15 anos 20 63% 1,23 (0,89-1,70) 0,24
Grupo étnico
Branco 93 43% 0,96 (0,83-1,21) 0,99
Outros 97 43% 1,00
IMC
Excessivamente magro 15 39% 0,66 (0,43-0,99) 0,01
Normal 138 59% 1,00
Sobrepeso ou obeso 34 67% 1,14 (0,91-1,42) 0,29

RP: Razao de Prevaléncias; IC: Intervalo de Confianga;Valor de p<0,05.

Tabela S. Analise bivariada da prevaléncia de dor lombar segundo escolaridade dos pais, o trabalho infantil, tipo de transporte dos
adolescentes de escolas ptblicas de Santa Maria, RS, Brasil, 2012 (n=343).

n Preval'ﬁ‘l:fli)zfe dor RP (IC,,,) p-valor
Escolaridade dos pais
Inferior ao ensino médio 130 58% 1,10 (0,85-1,42) 0,47
Ensino médio ou superior 33 53% 1,00
Trabalho infantil
Trabalha 27 61% 1,08 (0,84-1,4) 0,55
Nao trabalha 167 57% 1,00
Transporte para a escola
Transporte ativo 170 58% 1,20 (0,84-1,71) 0,27
Transporte passivo 17 49% 1,00

RP: Razao de Prevaléncias; IC: Intervalo de Confianga;Valor de p<0,05.
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Estudos sobre prevaléncia de DL em adolescentes
brasileiros sdo escassos'*'%, além disso, apresentam
dados conflitantes quanto a definicdo de DL ¢ ao
instrumento de coleta utilizado. Para minimizar essas
intercorréncias, seguiu-se a padronizagio da definigdo
de DL estabelecida pelas Diretrizes Europeias para
Prevengdo da Dor Lombar (European Guidelines
for Prevention in Low Back Pain) do grupo Cost
Action B13°. Esse grupo de pesquisa da Comissdo
Europeia foi criado para estabelecer orienta¢des para
gestdao da lombalgia e é constituido por convidados
de nove paises, os quais sdo especialistas em matéria
de investigacdo de DL. Além disso, o instrumento
escolhido para determinar o desfecho era adaptado a
populagéo de interesse, com boa reprodutibilidade'.

Utilizando esses critérios, este estudo observou
uma prevaléncia maior que a encontrada por Vitta
(19%) no sudeste brasileiro'®, entretanto mostrou-
se semelhante aos achados internacionais, que
apontam a DL como uma condigdo comum entre
os adolescentes”®%, assim como ocorre entre o0s
adultos??. Apesar dos cuidados metodologicos
para garantir a participacdo no estudo, houveram
recusas nesta investigacdo, semelhante a outras
pesquisas realizadas com adolescentes por meio
de questionarios'?*¥, Contudo, a alta prevaléncia
observada, sugere que essas perdas ndo afetaram
os resultados encontrados, sem subestimacdo do
desfecho, com a provavel distribuicdo aleatdria
dos ndo respondentes. Além disso, dois fatores
observados foram associados a DL ndo especifica:
aidade e o IMC.

A idade apresentou uma relag@o direta com a
DL, fato que tem sido sustentado pela maioria das
pesquisas'®!#19242 e que, para alguns pesquisadores,
estd significativamente associada ao rapido
crescimento em altura que ocorre na adolescéncia'>!¢,
O pico do estirfio de crescimento que ocorre mais
cedo para as meninas (em média entre 11 e 12 anos)
do que para os meninos (entre os 13 e 14 anos)?!
seria o responsavel pela diminui¢do da flexibilidade,
principalmente de quadriceps e isquiotibiais'’, o que
levaria a0 comprometimento da fun¢do muscular
lombar e consequentemente a dor.

Contudo, neste estudo a idade esteve associada
a DL até os 14 anos. E possivel que a pequena
quantidade de participantes com 15 anos na amostra
(10%) comparada com a de 14 anos, que continha o
dobro de participantes (20%), possa ter influenciado
os resultados, apesar de a DL ter se mostrado
prevalente entre os participantes com 15 anos.

Mesmo com a preocupante ocorréncia de
sobrepeso ¢ obesidade nesses adolescentes (16%),

Dor lombar em adolescentes

os achados referentes a relagdo da lombalgia com o
IMC foram inconsistentes com a literatura?®*2*, pois
0 excesso de peso ndo se associou significativamente
com a DL, mesmo com o leve aumento em relagdo
aos normais. Por serem os estudos?**>** geralmente
centrados no excesso de peso, é necessaria a avaliagdo
de influéncia de viés dos ndo respondentes nesse
achado, mas isto ndo foi possivel neste estudo.

Por outro lado, chama a atengdo a menor ocorréncia
de lombalgia entre os excessivamente magros. Nesta
amostra, ter um IMC<17 Kg/m? mostrou ser fator de
protegdo, porém ndo ¢ um achado enfatizado pela
literatura revisada?*2%, pois o foco dos estudos
geralmente é o excesso de peso. Com enfoque nos
resultados obtidos, é importante considerar que a
avaliacdo baseada no IMC pode tornar-se um fator
complicador devido as modifica¢des na composigdo
corporal que ocorrem pelo processo de maturagdo
sexual durante a adolescéncia®.

Neste estudo, o permanecer sentado na escola
em dias habituais foi uma das principais atividades
nocivas a regido lombar, tanto para os que tinham
o desfecho quanto para aqueles que ndo tinham. E
possivel que a postura sentada'>!” e o mobiliario
escolar’ estejam envolvidos com a disfunc¢do da
musculatura lombar ¢ predisponham aos sintomas
dolorosos'>!!7, contudo, esta medida ndo foi avaliada
em nosso estudo.

Nio se encontrou associagdo da DL com os
géneros, o que foi consistente com alguns estudos®?;
porém, ndo existe consenso na literatura, pois ha
autores que apontam esse desfecho associado ao sexo
feminino®731% 1719 e outros, ao sexo masculino'®%.

Além disso, as demais variaveis (etnia, tipo
de transporte escolar, nivel de escolaridade dos
responsaveis e trabalho infantil) ndo apresentaram
associacdo com a DL. No entanto, a literatura
enquadra essas variaveis como fatores de risco para
presenca dos sintomas dolorosos na regido lombar
dos escolares!!13:18-20,

Por meio deste estudo, pode-se evidenciar que
os problemas de saude com a coluna lombar na
infancia e na adolescéncia sdo comuns, porém mais
estudos epidemioldgicos devem ser realizados para
avaliar prevaléncia, incidéncia nas demais regides
do Brasil, as quais apresentam grandes divergéncias
culturais, climaticas e sociais. Além disso, outros
fatores precisam ser esclarecidos, por exemplo, se 0s
sintomas tendem a persistir ao longo dos anos; se a
maioria das criangas com esses problemas recebem
tratamento adequado; se os transtornos no tratados
favorecem a ocorréncia de eventos graves na vida
adulta; se levam a limitagdo de atividades, ¢ qual
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a demanda por servigos de satde. Enfim, como tal
condi¢do tem afetado a qualidade de vida desses
jovens.

Conclusiao

Conhecer as taxas de prevaléncia e incidéncia
de DL na populagdo, bem como a identificagdo dos
seus fatores de risco ou de protegdo, pode servir
de base para a indicagdo de tratamentos, para o
desenvolvimento de programas de prevencdo e para
auxiliar no planejamento dos servigos de satide
oferecidos as criangas e aos adolescentes.

A DL, no presente estudo, apresentou uma
alta prevaléncia entre 12 e 15 anos de idade,
indicando que ¢ uma condi¢gdo comum entre 0s
adolescentes. A maioria dos participantes apontou
que os sintomas dolorosos tiveram duragdo de uma
semana, sem diferengas entre os sexos, aumentou
significativamente com a idade e foi menor entre os
excessivamente magros. O permanecer sentado na
escola em dias habituais foi apontado como uma das
principais atividades desencadeadoras da dor lombar.
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Predictive equations for respiratory muscle strength
according to international and Brazilian guidelines

Equacdes de predi¢do para a for¢ca muscular respiratéria segundo
diretrizes internacionais e brasileiras

Isabela M. B. S. Pessoa’, Miguel Houri Neto?, Dayane Montemezzo?,
Luisa A. M. Silva*, Armeéle Dornelas De Andrade®, Verénica F. Parreira®

ABSTRACT| Background: The maximum static respiratory pressures, namely the maximum inspiratory pressure (MIP)
and maximum expiratory pressure (MEP), reflect the strength of the respiratory muscles. These measures are simple,
non-invasive, and have established diagnostic and prognostic value. This study is the first to examine the maximum
respiratory pressures within the Brazilian population according to the recommendations proposed by the American
Thoracic Society and European Respiratory Society (ATS/ERS) and the Brazilian Thoracic Association (SBPT).
Objective: To establish reference equations, mean values, and lower limits of normality for MIP and MEP for each
age group and sex, as recommended by the ATS/ERS and SBPT. Method: We recruited 134 Brazilians living in Belo
Horizonte, MG, Brazil, aged 20-89 years, with a normal pulmonary function test and a body mass index within the
normal range. We used a digital manometer that operationalized the variable maximum average pressure (MIP/MEP).
At least five tests were performed for both MIP and MEP to take into account a possible learning effect. Results: We
evaluated 74 women and 60 men. The equations were as follows: MIP=63.27 - 0.55 (age)+17.96 (gender)+0.58 (weight),
r? of 34% and MEP=—61.4142.29 (age) — 0.03 (age?)+33.72 (gender)+1.40 (waist), r> of 49%. Conclusion: In clinical
practice, these equations could be used to calculate the predicted values of MIP and MEP for the Brazilian population.

Keywords: maximum respiratory pressures; reference values; rehabilitation; physical therapy; MIP; MEP.
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RESUMO | Contextualizacio: A medida das pressdes respiratdrias estaticas maximas (pressdo inspiratoria (PIméx)
e pressdo expiratoria maxima (PEméx)) refletem a for¢a dos musculos respiratorios. Essas medidas sdo simples, ndo
invasivas e tém valores diagnostico e prognostico estabelecidos. Este € o primeiro estudo que avaliou pressdes respiratorias
maximas com a populacgdo brasileira realizado de acordo com as recomendagdes propostas pela American Thoracic
Society e European Respiratory Society (ATS/ERS) e pela Sociedade Brasileira de Pneumologia e Tisiologia (SBPT).
Objetivo: Estabelecer equagoes de referéncia, valores médios e limites inferiores de normalidade para a PIméax e a PEmax
para cada faixa etaria e género, conforme as recomendagdes da ATS/ERS e da SBPT. Método: Foram recrutados 134
brasileiros residentes em Belo Horizonte, MG, Brazil, com idade entre 20-89 anos, com prova de func¢do pulmonar e
indice de massa corporal dentro da normalidade. Foi utilizado um manovacudmetro digital que operacionalizou a variavel
pressdo média maxima. Para a PImax e a PEmax, foram realizadas, pelo menos, cinco manobras, considerando o efeito
aprendizado. Resultados: Foram avaliados 74 mulheres e 60 homens. As equacdes propostas foram: PImax=63,27-0,55
(idade)+17,96 (sex0)+0,58 (peso), 1’=34% e PEmax=—61,41+2,29 (idade)-0,03 (idade?)+33,72 (sex0)+1,40 (cintura),
’=49%. Conclusiio: As equagdes resultantes deste estudo poderdo ser utilizadas na pratica clinica para calculo de valores
preditos para PImax e PEmax na populagdo brasileira.

Palavras-chave: pressdo respiratoria maxima; valores de referéncia; reabilitagdo; fisioterapia; PImax; PEmax.
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Introducao

A medida das pressdes respiratorias estaticas
maximas (PRM), pressdes inspiratoria e expiratoria
maximas (PImax e PEmax) refletem a forca
dos musculos respiratérios'3. Considerando a
simplicidade dessas medidas, o carater ndo invasivo
e os valores diagndstico e prognostico, varios autores
criaram valores de referéncia para populagdes de
diversas etnias*’.

Existe uma grande variabilidade interindividuos
nos valores das PRM. Caracteristicas bioldgicas
das populacdes, técnica de medida e equipamentos
utilizados contribuem para essa variabilidade™".
Em decorréncia da varia¢do dos valores das PRM e
com o objetivo de padronizar os procedimentos de
avaliagdo, a American Thoracic Society, European
Respiratory Society (ATS/ERS)? e a Sociedade
Brasileira de Pneumologia e Tisiologia (SBPT)?
publicaram diretrizes para testes dos musculos
respiratdrios, incluindo a realizagdo da mensuragéo
das PRM.

As recomendagdes internacionais e brasileiras
recomendam o uso do bocal do tipo mergulhador;
presenca de orificio de fuga de aproximadamente
2 mm de didmetro interno; realizagdo do teste por
um operador experiente, que estimule o sujeito a
realizar um esforgo inspiratério maximo contra uma
via aérea ocluida e um esforgo expiratorio maximo
contra uma via area ocluida perto/ou no volume
residual (VR) e na capacidade pulmonar total
(CPT), respectivamente; adogdo da postura sentada;
instrucdo anterior a manobra e encorajamento durante
a manobra; prevencdo de escape de ar ao redor do
bocal, orientando o sujeito a segurar as bochechas
com as maos durante o esforco expiratorio e a
pressionar os labios firmemente ao redor do bocal e
registro da pressdo média maxima (PMed, ;).

A ATS/ERS? ressalta a importancia do uso do
instrumento digital para garantir a validade das
medidas, o qual fornece a medida da PMed,,
(média da pressdo maxima sustentada por 1
segundo). As diretrizes internacionais? e brasileiras?
apresentam recomendagdes similares, embora haja
pontos ndo concordantes, como o uso do clipe nasal
(preconizacdo da SBPT) e o nimero maximo de
manobras. A SBPT?, além de recomendar o nimero
maximo de cinco manobras, considera o efeito
aprendizado da medida, possibilitando a realizagdo de
mais manobras caso o ultimo valor tenha sido o maior.

No Brasil, apos a publicacdo das diretrizes,
foram publicados dois estudos propondo valores
de referéncia das PRM3!, Em nenhum dos dois
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estudos, as recomendagdes metodologicas propostas
pelas sociedades cientificas foram atendidas em sua
integralidade®>.

Nesse contexto, o objetivo deste estudo foi
estabelecer valores de referéncia para as PRM
contemplando as recomendagdes propostas pela ATS/
ERS? e pela SBPT® em uma amostra de individuos
adultos da populacdo de Belo Horizonte, MG, Brasil.

Método

Amostra

Foi realizado um célculo amostral considerando
o estudo de Simdes et al.'*. Para o calculo, foi
considerado o nivel de significancia estatistica de
5%, poder de 90% e efeito estimado em 20%'*!4. O
tamanho do efeito (d Cohen) utilizado foi baseado
nos calculos das diferencas entre as médias das
PIméx e PEmax em homens € mulheres, em cada
faixa etaria, apresentadas no estudo de Simdes et al.'3,
tendo-se obtido o numero amostral de 117 individuos.
Posteriormente, a definicdo do nimero de individuos
de cada género em cada faixa etéria foi estimada para
que a amostra fosse representativa, tendo por base
analise do censo do Instituto Brasileiro de Geografia
e Estatistica (IBGE) - 2010 para a populagdo de Belo
Horizonte, MG, Brasil'>.

A amostra ndo probabilistica foi composta por
voluntarios de ambos os géneros, selecionados
da comunidade por convite pessoal, telefone ou
comunicagao eletronica, e que atendessem a todos
os critérios de inclusdo do estudo. Os critérios de
inclusdo foram: adultos saudaveis entre 20 e 89
anos, com parametros espirométricos dentro dos
limites preditos para a populagéo brasileira'® e indice
de massa corporal (IMC) dentro dos parametros de
normalidade (18,5 kg/m’<IMC<29,9 Kg/m?)"". Os
critérios de exclusdo foram: historia de tabagismo
atual; exposi¢do a ambiente ocupacional de risco;
relato de histéria de doengas neuromusculares,
respiratérias e/ou cardiacas; déficit cognitivo
(participantes com idade acima de 60 anos); febre nas
trés semanas antecedentes ¢/ou gripe e/ou sinusite na
semana anterior ao teste; uso de medicamentos, como
corticoides orais, depressores do sistema nervoso
central, barbitaricos e/ou relaxantes musculares;
atividade fisica exaustiva nas 48 horas anteriores ao
teste; auséncia de elementos dentarios; dor muscular
limitante nos membros superiores; pressao arterial
(PA) em repouso maior ou igual a 160/110 mmHg!®
e/ou saturacdo periférica da hemoglobina em oxigénio
(SpO,) menor que 90% e/ou frequéncia cardiaca (FC)
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maior que 85% da frequéncia cardiaca maxima
antes da execucdo das manobras e incapacidade de
compreender e/ou executar os procedimentos do
protocolo de pesquisa. Para interrupgdo dos testes,
observou-se relato de desconforto respiratorio e/ou
muscular durante a sua realizagao.

O estudo foi aprovado pelo Comité de Etica em
Pesquisa da Universidade Federal de Minas Gerais
(UFMG), Belo Horizonte, MG, Brasil (Protocolo
CAAC 0425.0.203.000-10), e todos os participantes
assinaram o termo de consentimento livre e
esclarecido.

Instrumentos de medidas

Manovacuémetro digital

Para aferir as PRM, foi utilizado um
manovacudmetro digital (NEPEB-LabCare/
UFMG)""?%, no qual as pressdes sdo mensuradas
por meio de transdutores de pressdo, com intervalo
operacional de 500 cmH,0". Foi utilizado bocal
mergulhador, orificio de fuga de 2 mm de didmetro
e o clipe nasal para a mensuragdo das PRM***'. O
manovacuOometro foi calibrado a cada seis meses,
como estabelecido por Ferreira et al.".

Espirémetro

Foram utilizados os espirdmetros Vitalograph
(Vitalograph 2120, Ennis, Ireland) e Pony (Pony
FX®, Cosmed, Roma, Italy) e adotados os critérios
de aceitacdo e reprodutibilidade segundo normas da
SBPT?. Os dados espirométricos foram derivados
da manobra de capacidade vital for¢ada (CVF) e
interpretados de acordo com os valores preditos por
Pereira et al.'e.

Bioimpedadncia elétrica

Para a medida das massas magra e gorda, foi
utilizado o equipamento Quantum III BIA — 1010
RJL-101 (Detroit, USA), modelo tetrapolar, com
apresentacdo digital, seguindo recomendagdes?.

Balan¢a mecanica, balanga digital portdtil e
estadiéometro

Para mensurag@o do peso e estatura, foi utilizada
uma balanca analdgica Filizola (Filizola Ind. Ltda,
Sao Paulo, Brasil) acoplada a um estadiémetro, com
resolucdes de 100 g e 0,5 cm, a qual foi calibrada
previamente a cada medida. Para as coletas realizadas
fora da Universidade, foi utilizada uma balanga
digital portatil (Life Electronic Scale, Geratherm®,
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Alemanha), com resolugdes de 100 g, ¢ um
estadiometro (Alturexata, Belo Horizonte, Brasil)
portatil, com resolu¢do de 0,1 cm. Para avaliar a
confiabilidade entre as medidas das balangas, o peso
de dez voluntarios foi aferido nas duas balancas
de forma aleatdria. Nao se observou diferenga
significativa entre os dados obtidos em ambas as
balangas (67,22+10,2 Kg versus 66,86+10,0 Kg;
p=0,14; coeficiente de correlagio intraclasse de 0,99).
Esses dados foram utilizados para calcular o IMC.

Circunferéncia abdominal e relagdo cintura
quadril

Foi utilizada uma fita métrica antropométrica
(metragem) constituida por um material inelastico.
Adotou-se a posigdo ortostatica, com os bragos ao
lado do corpo, pés juntos e abdomen relaxado'’. A
mensuracao da circunferéncia abdominal (cintura)
foi realizada aplicando firmemente a fita métrica na
regido média entre a borda inferior da lltima costela
e a borda superior da crista iliaca'’. A mensuragido
do quadril foi realizada aplicando firmemente a fita
métrica na extensdo posterior maxima dos gluteos'”.

Aptidado fisica

Foi questionado o nivel de atividade fisica e a
ocupagdo profissional para classificar o individuo
como ativo ou sedentario, segundo a recomendagéo
do Colégio Americano de Medicina do Esporte
(ACSM)*: ativo (gasto caldrico semanal acima de
450 MET/min/semana) ou sedentario (abaixo de
450 MET/min/semana), constatado pelo autorrelato®.

Procedimentos

A avaliacdo inicial contemplou os seguintes
aspectos: dados pessoais; verificagdo do peso, da
estatura e das circunferéncias abdominal e do quadril;
dados vitais - PA (estestoscopio, Littman Classic,
St. Paul, USA e esfigmomandémetro, Tycos, NY,
USA); FC, e SpO, (oximetro de pulso, Nonim, USA)
- assim como a aptiddo fisica pelo autorrelato® %,
Em seguida, nos voluntarios idosos, foi aplicado o
Miniexame de Estado Mental, considerando-se como
ponto de corte para escolares 23/24%, Na sequéncia,
realizou-se a bioimpedancia elétrica, apds a qual
foi oferecida ingesta alimentar padronizada aos
voluntarios.

Em seguida, realizou-se a prova de funcéo
pulmonar. Posteriormente, apds repouso de, no
minimo, 10 minutos, os individuos realizaram
a mensuracdo das PRM de forma aleatoria
(randomizacgdo eletronica). Todo procedimento



foi realizado em uma tUnica visita ¢ por uma Unica
avaliadora.

Para arealizagdo das medidas das PRM (PMed, ;. ),
os individuos permaneceram na posi¢ao sentada, com
pés e troncos apoiados, sendo realizadas instrugdo
e demonstragdo previamente aos testes>*. Todas as
medidas das PRM foram realizadas com o clipe
nasal®. Para a medida da PImax, os participantes
realizaram de dois a trés ciclos respiratdrios em nivel
da capacidade residual funcional (CRF), sendo, em
seguida, solicitada uma expira¢do até o VR, com
indicag@o desse momento pela elevagdo da propria
mao do participante®. Nesse momento, o participante
foi encorajado a gerar um esfor¢o inspiratorio
maximo e, simultaneamente, o examinador procedeu
ao fechamento do orificio de oclusdo e executou
comando verbal padronizado®?.

O mesmo procedimento foi realizado para a
medida da PEmax, exceto pela instrugdo verbal
final, que consistiu na solicita¢do de uma inspirag@o
até a CPT, seguida pelo encorajamento de um
esfor¢o expiratorio maximo**?. Para a medida da
PEmax, a investigadora pressionou as bochechas dos
voluntarios para impedir escape aéreo.

O tempo minimo de manobra foi de 1,5 segundo,
para que a pressdo maxima sustentada por 1 segundo
pudesse ser observada®. Todos os individuos
realizaram, pelo menos, cinco manobras, com
intervalo de 1 minuto entre elas, e a mensuragao
das pressodes foi considerada completa quando o
participante realizou trés manobras aceitaveis (sem
escape de ar entre os labios e/ou no clipe nasal e
com, pelo menos, 1,5 segundo de duragdo)’ e,
dentre essas, trés reprodutiveis (uma com variagdo
igual ou inferior a 10% e a outra com variagéo de,
no maximo, 20% com a pressao de maior valor)*>. A
maior medida ndo poderia ser a ultima, considerando
o efeito aprendizado®. O maior valor da PMed,  , foi
selecionado?.

Reducado dos dados

As PRM foram operacionalizadas usando o
software Manovac, versao 4.1, por meio da variavel
PMed, ,***"*". Para a obtengdo do limite inferior de
normalidade (LIN), utiliza-se a formula LIN=valor
previsto pela equagdo de regressdo — (1,645 x erro
padrdo da estimativa)®.

Anadlise estatistica

Foi realizada uma estatistica descritiva dos dados
(médias e dispersdes), e verificadas as propriedades
de distribuigdo normal ¢ homogeneidade de variancia
das variaveis pelos Testes de Lilliefors ¢ Cochran
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& Bartletti, respectivamente. Constatada a natureza
das respostas, na condigdo de suas caracteristicas
paramétricas ou ndo, estabeleceu-se uma matriz
de correlagdo (Pearson, Spearman e Kendall) das
variaveis independentes (sexo, idade, altura, peso,
IMC, circunferéncia abdominal, relagdo cintura-
quadril e nivel de atividade fisica) entre si e, dessas,
com as respostas medidas (PIméax, PEmax). Pelo
sistema stepwise backward, foram desconsideradas as
variaveis independentes ndo significativas (p>0,05),
observando-se a manutengdo da capacidade de
determinagdo (r?) do modelo. Apds a defini¢do dos
efeitos explicativos de cada modelo, eles foram
testados para cada um dos seus efeitos quadraticos
assim como para as suas possiveis interagdes.
Todas as analises foram processadas pelos pacotes
estatisticos Statistical Package for Social Sciences
(SPSS 15.0, Chicago, IL, USA) ¢ Statistical Analisys
System (SAS 12.0, Carey, NC, USA).

Resultados

Inicialmente, foram avaliados 164 individuos,
dos quais 20 ndo foram incluidos por serem obesos
(IMC acima de 30 Kg/m?) e dois por apresentarem
baixo peso (IMC abaixo de 18,5 Kg/m?). Oito
individuos foram excluidos por apresentarem
distirbios obstrutivos ou restritivos no teste de
fung@o pulmonar. A amostra final foi composta por
134 voluntarios. Todos completaram o protocolo
proposto. A média de idade foi de 47+18 anos para
as mulheres ¢ de 4316 anos para os homens. A
amostra final foi composta por 51% de mulheres
sedentarias e de 39% de homens sedentarios. O
percentual de massa corporal foi avaliado em um
subgrupo de individuos (n=64), verificando-se que
os homens tinham uma média percentual de massa
magra de 72,8+4,7 Kg e as mulheres de 64,4+5,0 Kg.
Os participantes apresentaram os seguintes dados
espirométricos: capacidade vital forcada (CVF):
mulheres=94,1£10,9% do previsto ¢ homens
92,5+10,0% do previsto; volume expiratorio forgado
no 1° segundo (VEF)): mulheres=93,8+11,2%
do previsto ¢ homens=92,449,5% do previsto)
e relacdo VEF /CVF (%): mulheres=81,5+5,7 ¢
homens=81,6+4,7.

ATabela 1 mostra as caracteristicas antropométricas
e demograficas dos voluntarios distribuidos por
género em cinco subgrupos etarios.

ATabela 2 apresenta os valores médios observados
das PRM com os respectivos coeficientes de variagao.
Os valores médios para PImax e PEmax nas mulheres
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foram, respectivamente, 24% e 33% mais baixos do
que nos homens.

A Tabela 3 apresenta as equagdes de predigdo para
as PRM. Foram consideradas as seguintes variaveis
em cada equacdo de regressdo para a PImax: idade
(p<0,0001), sexo (p=0,0047) e peso (p=0,0245),
explicando 34% da variagdo da PImax, e, para a
PEmax: sexo (p=0,0004), idade* (p=0,0071), idade

(p=0,0516), circunferéncia abdominal (p=0,0125),
explicando 49% da variagdo da PEmax.

Discussao

Dentro do nosso conhecimento, esse foi o
primeiro estudo brasileiro a estabelecer valores de
referéncia para as PRM pautado nas recomendagdes

Tabela 1. Caracteristicas antropométricas e demograficas dos 134 individuos de acordo com o sexo e subgrupos etarios.

Grupos N (1::(«)1:) Ag:l‘)" a flgfg‘; IMC MG (%) 1‘(’{%“)’1 C-A(cm) RCQ Agggf"
Mulheres

2029 16 24(3) 1,63(0,06) 59(7) 22(2) 343 (3.6) 657(3.6) 709(47) 071(0,04)  68%
3039 14 36(3) 1,64(0,06) 61(10) 23(3) 363 (53) 637(53) 74187 076(0,05)  57%
40-49 14 44(4) 163(007) 63(7) 24(2) 38047 62047 781(60) 0,79(004)  43%
50-59 11 56(3) 1,58(0,07) 63(10) 25(2) 41,0(1,5) 59,1(1,5) 79,1(58) 081(0,05)  45%
>60 19 71(8) 1,53(0,05 59(8) 25(3) 350(62) 650(62) 79,6(8,6) 081(0,06)  42%
Total 74 47(18) 1,60(0,07) 61(8) 24(3) 356(46) 644(50) 764(77) 078(0,06)  51%
Homens

2029 15 24(3) 1,77(0.06) 73(9) 23(2) 243(3,7) 757(,7) 80,1(42) 083 (0,04)  40%
3039 14 34(3) 1,76(0,09) 83(12) 27(2) 287(5.6) 71,3(56) 89.4(64) 087(0,05)  50%
40-49 11 44(3) 1,73(006) 76(9) 252) 256(,1) T44(3,1) 90,6(58) 097(020)  27%
50-59 10 53(3) 1,72(0,08) 78(7)  27(2) 27.7(52) 723(52) 93.8(54) 095(0,05)  40%
>60 10 69(8) 1,69(007) 76(7) 27(2) 294(46) 70,6(46) 957(7,0) 098(007)  40%
Total 60 43(16) 1,74(0,08) 77(9)  25(2) 272(47) 72.8(47) 892(7.8) 091(0,11)  39%

Dados apresentados como média e desvio padrdo. N=amostra; IMC=indice de massa corporal; M-G=massa gorda; M-M=massa magra;
C-A=circunferéncia abdominal; RCQ=relagao cintura-quadril; Aptidao fisica=percentual de sedentarios.

Tabela 2. Valores observados das pressdes respiratorias maximas obtidos para cada subgrupo com o coeficiente de variagao total.

MULHERES (N=74) HOMENS (N=60)

Idades (anos) PImax (cmH,0) PEmix (¢cmH,0) PImax (cmH,0) PEmix (cmH,0)
20-29 99,4 (20,7) 114,2 (23,1) 126,1 (21,7) 144,5 (20,5)
30-39 99,0 (6,4) 121,8 (33,0) 126,1 (32,9) 178,7 (38,4)
40-49 97,9 (26,5) 121,9 (34,1) 132,6 (31,3) 163,5 (39,0)
50-59 87,7 (24,0) 119.,4 (35,3) 118,9 (50,9) 212,9(21,2)

>60 74,8 (16,4) 91,8 (29,6) 98,5 (12,6) 155,4 (50,5)
Total 91,1 (26,1) 112,1 (32,2) 121,3 (30,7) 167,4 (40,12)
CV (%) 29 29 25 24

Dados apresentados como média e desvio padrdo. N=numero de sujeitos; PImax=pressao inspiratoria maxima; PEmax=pressdo expiratoria
maxima; CV=coeficiente de varia¢do.

Tabela 3. Equagdes de predigdo para as pressdes respiratorias maximas.

EQUACOES PREDITIVAS r? EPE
PImax (cmH,0)= 63,27-0,55 (idade)+17,96 (sex0)+0,58 (peso) 34 26,3
PEmax (cmH,0)=—61,41+2,29 (idade)-0,03 (idade?)+33,72 (sex0)+1,40 (cintura) 49 32,8

PIméx=presséo inspiratoria maxima; PEmax=pressdo expiratoria maxima; cintura=circunferéncia abdominal em cm; peso em Kg; r’=coeficiente
de determinagdo; EPE=erro padrdo da estimativa (standard error of the estimate). Para o sexo feminino, multiplica-se a constante por zero
(sex0=0). Para o sexo masculino, multiplica-se a constante por um (sexo=1). Para célculo do limite inferior de normalidade: média—(1,645 X
erro padrdo da estimativa). Para calculo do limite superior de normalidade: média+(1,645 X erro padrio da estimativa).
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metodolédgicas propostas pela ATS/ERS? e pela
SBPT? que utilizou equipamento digital, o qual
fornece medidas validas com alto poder de precisio.

O presente estudo foi realizado com o objetivo de
construir equagdes de predi¢do para as PRM em uma
amostra da populag@o adulta de Belo Horizonte, MG,
Brasil seguindo as recomendag¢des metodologicas
da ATS/ERS? e da SBPT>. A problematica sobre a
existéncia de diversos valores de referéncia para as
medidas de PImax foi comprovada em uma revisao
sistematica publicada recentemente?, na qual se
verificou a baixa qualidade metodologica dos artigos,
contribuindo para a compreensdo da dificuldade na
pesquisa e, principalmente, na clinica, em escolher
uma equacao de predigdo adequada.

Um dos motivos para a variabilidade dos valores
das PRM ¢ a falta de padronizacdo metodoldgica
entre os estudos. Apds a publicagdo da ATS/ERS?
sobre as recomendagdes metodologicas para os
testes das PRM, foram publicados dois estudos
brasileiros®!* que ndo atenderam integralmente as
referidas recomendagoes, sendo a principal delas o
ndo uso de um instrumento digital que possibilita a
operacionalizagdo da PMed, ; , . Sabe-se que medidas
validas propiciam interpretacdes corretas dos
indices de forga muscular respiratéria, os quais sdo
essenciais para o diagnostico de fraqueza muscular
respiratoria. Todos os estudos brasileiros usaram
um manovacudmetro analdgico, comprometendo a
precisdo das medidas. Por isso, o presente estudo
tem como vantagem/ineditismo a construgdo de
equagdes de predicdo das PRM criadas a partir de
um manovacudmetro digital.

E uma premissa em estudos sobre valores
de referéncia que a amostra deve ser saudavel e
representativa da populagdo de onde o estudo foi
realizado. Essa defini¢cdo foi desconsiderada em
alguns estudos®!® devido a auséncia do relato do
teste de fung¢do pulmonar® e pelo fato de a amostra
ser constituida em sua totalidade por individuos
sedentarios’. Diferentemente de todos os estudos
sobre valores de referéncia, o presente estudo teve o
cuidado adicional de aplicar o Miniexame do Estado
Mental em individuos idosos (acima de 60 anos)
para constatar a auséncia de déficit cognitivo, uma
vez que o teste é volitivo e passivel dos efeitos
de compreensdo, colaboragdo e coordenagdo do
individuo?.

Além da falta de padronizac¢do do procedimento,
a variabilidade nos valores de referéncia também
¢ explicada pela influéncia de fatores individuais
(bioldgicos) inerentes a amostra do estudo®. No
presente estudo, constatou-se que os valores médios

Preditos para a for¢a muscular respiratéria

das PRM, quando analisados por sexo, apresentaram
uma variacdo importante entre sujeitos da mesma
faixa etaria, (26 a 37% da PImax, Tabela 2). Um
alto coeficiente de variagao também foi reportado no
estudo de Hautmann et al.” ¢ Enright et al.** (25 a 27%
e 32 a 39%, respectivamente). Tais variagdes podem
ser atribuidas ao grau de motivacdo ¢ cooperacdo
do voluntario®; ao valor da pressdo de recolhimento
elastico do sistema respiratorio®; a coordenagio
durante o teste!® e ao grau de ativagdo individual
da musculatura em teste'?; as diferengas intrinsecas
da musculatura individual’, como velocidade
de contracdo muscular'; assim como aos fatores
genéticos e ambientais®.

Foram observados valores surpreendentemente
elevados para a PEmax nos homens de 50 a 59 anos
quando comparados aos das faixas etarias anteriores.
E importante enfatizar que havia um ntumero
expressivo de individuos ativos e motivados com a
realizagdo do teste nessa faixa etaria. Esses individuos
preencheram todos os critérios de inclusdo, ndo
havendo justificativa para a sua exclusdo da analise.

Todos os estudos sobre valores de referéncia
avaliaram o poder preditivo das caracteristicas
fisicas sobre as PRM, e constata-se que ha uma
fraca associag@o entre elas, evidenciada pelos baixos
coeficientes de determinagdo. Ndo ha um consenso
sobre a influéncia de determinados fatores individuais
(altura, peso, idade) nas PRM de homens e mulheres.
A altura tem sido um preditor positivo®!, negativo®*
ou ndo preditor da PImax nas mulheres®'>!3 ¢ um
preditor negativo em homens®.

Ha um consenso de que o sexo € o melhor preditor
das PRM*"310.11 Qg valores para a PImax e a PEmax
foram, em média, 24% e 33% maiores nos homens
quando comparados as mulheres, o que condiz com
o estudo de Simdes et al.’*. Alguns autores afirmam
que os musculos respiratorios comportam-se como
musculos esqueléticos!'®!23033 portanto a forca
¢é proporcional a area seccional do musculo.
No presente estudo, realizou-se uma analise da
composi¢do corporal em 64 individuos de ambos
os sexos e verificou-se que o percentual médio de
massa magra (musculos) foi superior nos homens,
sendo uma possivel explica¢do para as diferencas
das PRM entre os sexos.

Os resultados deste estudo mostraram que a idade
influenciou significativamente as PRM, sendo um
preditor negativo, resultados esses condizentes com
os trés estudos brasileiros®!>!3. O efeito da idade sobre
as PRM em ambos os sexos ainda € questionavel*>!!-33,
embora a maioria dos estudos reporte uma diminuigdo
das PRM com o avang¢o da idade em ambos os sexos,
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principalmente para a PImax”*!*!3. O ponto de
corte para o declinio da PImax difere entre estudos,
variando de 30'° a 657 anos. Esse fato pode impedir
o aparecimento de uma correlagdo negativa com a
idade em decorréncia da faixa etaria analisada, como
no estudo de Camelo et al.’¢, que analisou a faixa
etaria de 20 a 49 anos. O baixo numero de sujeitos
acima de 55 anos de idade também justifica a auséncia
da correlag@o negativa entre as PRM e a idade em
alguns estudos**, Uma possivel explicagdo para a
PIméx diminuir com o avango da idade é o processo
de envelhecimento, com um aumento do VR e uma
diminui¢do da capacidade inspiratoria®’.

A PEmax apresentou uma relagdo quadratica com
a idade. Esse achado esta de acordo com estudos
prévios'®®, Possiveis explica¢des para a diminui¢ao
da PEmax sdo a perda de recolhimento elastico
da caixa toracica, a presenca de calcificagdes nas
articulagdes e o aumento da cifose toracica, tendo
em vista que todos esses fatores contribuem para uma
baixa complacéncia da caixa toracica e diminuigdo da
PEmax, que é realizada a partir da CPT*". A atrofia, a
diminui¢do da eficiéncia metabdlica e o declinio na
velocidade de condug@o nervosa também explicam
a diminuigdo das PRM com o avangar da idade'®.

O peso foi um preditor positivo para a PImax, em
acordo com estudos prévios’**32¥_ destacando-se o
estudo de Simdes et al.">. Nao ha um consenso em
relag@o a variagdo das PRM em virtude do ganho de
peso!®!3, Tanto a fung¢do pulmonar quanto a forga dos
musculos respiratorios melhoram com o aumento
pequeno do peso corporal, o chamado “efeito
muscularidade”, ja que ha uma teoria que relaciona
0 peso ¢ o comprimento isométrico de diferentes
grupos musculares®. No presente estudo, ambos,
peso e percentual de musculo, correlacionaram-se
positivamente entre si e cada um, isoladamente, com
a PImax. Pode-se hipotetizar que a influéncia do peso
na PImax esteja relacionada a um percentual maior
de massa magra da musculatura respiratoria.

A circunferéncia abdominal foi preditora positiva
da PEmax. Esse ¢ o primeiro estudo em que essa
variavel foi contemplada no modelo para a PEmax.
Os voluntarios do presente estudo ndo eram obesos e
apresentaram valores médios de normalidade para a
circunferéncia abdominal. E possivel que a correlagdo
positiva com a PEmax deva-se & maior massa
muscular abdominal. Hipotetiza-se a existéncia
de um ponto de corte para o declinio da PEmax
semelhante ao comportamento da PImax quando
ela é correlacionada com a circunferéncia abdominal
(a partir de 95 a 105 cm de circunferéncia abdominal
ocorre declinio da PImax, segundo Carpenter et al.?).
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Estudos futuros, com uma amostra que apresente
valores aumentados de circunferéncia, poderdo
investigar, de maneira mais aprofundada, essa
hipétese para estabelecer o tipo do modelo preditivo
existente entre a circunferéncia abdominal e a PEmax,
explicando, assim, a influéncia da gordura visceral
na for¢ca dos musculos abdominais.

Aponta-se como limitagao deste estudo o nimero
amostral baixo nos diferentes subgrupos etarios, em
especial, o acima de 70 anos. O niimero amostral
afeta diretamente a acuracia de predi¢do da equagao*!.
No entanto, foi contemplada a representatividade da
amostra pelo alcance do niimero de individuos por
sexo e faixa etaria segundo os dados do IBGE para a
populacao de Belo Horizonte, MG, Brasil.

Concluindo, este estudo brasileiro, realizado com
uma amostra da populacdo mineira (Belo Horizonte,
MG, Brasil), fornece equagdes, médias e desvio
padrdo por faixa etdria, assim como as férmulas
para o calculo dos limites inferiores e superiores de
normalidade, inovando por ter seguido, de forma
rigorosa, a metodologia proposta pelas normas
internacionais e brasileiras, destacando-se a utilizagdo
de um manovacuémetro digital a fim de garantir a
validade das medidas mensuradas.
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Effect of a single session of transcranial direct-current
stimulation on balance and spatiotemporal gait
variables in children with cerebral palsy:

A randomized sham-controlled study

Luanda A. C. Grecco'??3, Natalia A. C. Duarte'?, Nelci Zanon3*,
Manuela Galli’, Felipe Fregni?, Claudia S. Oliveira!

ABSTRACT | Background: Transcranial direct-current stimulation (tDCS) has been widely studied with the aim of
enhancing local synaptic efficacy and modulating the electrical activity of the cortex in patients with neurological
disorders. Objective: The purpose of the present study was to determine the effect of a single session of tDCS regarding
immediate changes in spatiotemporal gait and oscillations of the center of pressure (30 seconds) in children with cerebral
palsy (CP). Method: A randomized controlled trial with a blinded evaluator was conducted involving 20 children with
CP between six and ten years of age. Gait and balance were evaluated three times: Evaluation 1 (before the stimulation),
Evaluation 2 (immediately after stimulation), and Evaluation 3 (20 minutes after the stimulation). The protocol consisted of
a 20-minute session of tDCS applied to the primary motor cortex at an intensity of 1 mA. The participants were randomly
allocated to two groups: experimental group — anodal stimulation of the primary motor cortex; and control group — placebo
transcranial stimulation. Results: Significant reductions were found in the experimental group regarding oscillations
during standing in the anteroposterior and mediolateral directions with eyes open and eyes closed in comparison with
the control group (p<0.05). In the intra-group analysis, the experimental group exhibited significant improvements in
gait velocity, cadence, and oscillation in the center of pressure during standing (p<0.05). No significant differences were
found in the control group among the different evaluations. Conclusion: A single session of tDCS applied to the primary
motor cortex promotes positive changes in static balance and gait velocity in children with cerebral palsy.

Keywords: cerebral palsy; physical therapy; movement; balance; electric stimulation; motor cortex.
This study was registered with the Brazilian Registry of Clinical Trials (RBR-9B5DH?7).
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Introduction

Transcranial direct-current stimulation (tDCS) is
a widely studied innovative technique consisting of
the application of low-intensity monophasic electrical
current to the scalp. The electrical current flows from
the electrodes and penetrates the skull, reaching
the cerebral cortex. Although most of the current is
dissipated among the overlying tissues, a sufficient
amount of current reaches the structures of the cortex,
modifying the membrane potential of the cells and
modulating cortex activity'. It has been suggested
that the effects of tDCS stem from persistent changes

that resemble long-term potentiation and can lead to
enhanced synaptic efficacy’.

There has been an increase in the number of studies
stating that tDCS applied to the motor cortex can be
used for the treatment of neurological disorders in
children, such as cerebral palsy (CP)*. CP results in
diminished activation of the central nervous system
during the execution of movements®. A reduction in
motor cortex excitability in children is associated
with poor motor developmentS. Neurophysiological
analyses have revealed global alterations in cortex

1Programa de Pés-Graduagdo em Ciéncias da Reabilitagdo, Universidade Nove de Julho (UNINOVE), Sdo Paulo, SP, Brazil
2Laboratory of Neuromodulation, Center of Clinical Research Learning, Spaulding Rehabilitation Hospital, Harvard Medical School, Boston, MA,

United States
3Centro de Neurocirurgia Peditrica (CENEPE), Sdo Paulo, SP, Brazil

“Departamento de Neurocirurgia, Universidade Federal de Sdo Paulo (UNIFESP), Sao Paulo, SP, Brazil

Dipartimento di Bioingegneria, Politecnico di Milano, Milan, Italy
Received: 10/31/2013 Revised: 04/12/2014 Accepted: 06/09/2014

http://dx.doi.org/10.1590/bjpt-rbf.2014.0053

Braz ] Phys Ther. 2014 Sept-Oct; 18(5):419-427 419 e



Grecco LAC, Duarte NAC, Zanon N, Galli M, Fregni F, Oliveira CS

excitability in children with CP, with a reduction in
the activation of corticospinal and somatosensory
circuits’. The reduction in somatosensory activation
may be the neurological basis for poor tactile,
proprioceptive and kinesthetic awareness in children
with CP3. While there is no cure for the brain
lesion associated with this condition, sequelae
can be minimized through neurorehabilitation
methods’®. Studies involving functional magnetic
resonance in children with CP have demonstrated
that rehabilitation resources are capable of promoting
the activation of the primary motor cortex’, which is
an important area of the brain capable of facilitating
cerebral reorganization'®.

Ninety percent of children with CP exhibit impaired
gait due to diminished cortex excitability, excessive
muscle weakness, abnormal joint kinematics,
and diminished postural reactions'!. Moreover,
inadequate postural control limits motor development
in these children'>!3.

Kaski et al.'"* found that anodal tDCS induces
changes in the excitability of the motor cortex
referring to the lower limbs, with improvements in
both balance and gait. The hypothesis of the present
study is that a single session of anodal tDCS applied
to the primary motor cortex in children with CP can
momentarily potentiate motor patterns through the
enhancement of cortex excitability and activation
of corticospinal circuits. The authors believe that
the facilitation of cortical excitability of the primary
motor cortex may enhance motor control and velocity
of motor responses in children with CP. In CP, deficits

in spatiotemporal gait parameters and postural
stability are notorious and generate a functional
impairment of the child. Additionally the evaluation
of'the static balance and gait analysis are consecrated
and scientifically valid techniques. For these reasons,
the stabilometry and analysis of spatio-temporal
parameters of gait were selected as outcomes of
this study. The expected outcomes are an increase
in gait velocity and reductions in the oscillation of
the center of pressure (CoP) during standing in the
anteroposteior and mediolateral directions. However,
the changes would likely be lost after a few minutes
due to the limitation of tDCS to a single session.

The aim of the present study was to determine
the effect of a single session of tDCS applied to the
primary motor cortex regarding immediate changes
in spatiotemporal gait and oscillations of the CoP
during standing in children with CP classified at levels
I to III of the Gross Motor Function Classification
System (GMFCS).

Method

The present randomized, sham-controlled,
cross-sectional study (Figure 1) was carried out
in compliance with the ethical standards of the
Declaration of Helsinki and received approval
from the Human Research Ethics Committee of
Universidade Nove de Julho (UNINOVE), Sao
Paulo, SP, Brazil, under process number 69803/2012.
This study is registered with the Brazilian Registry
of Clinical Trials (process RBR-9BSDH7). All

Screening of participants
25 children

Children excluded

4 - orthopedic deformities
1 - surgical procedune

Pretreatment evaluation
Randomization

Experimental group
Active IDCS
1 session - 200 minutes
10 children

[

Post-treatment evaluation 1
10 children

I

Post-treatment evaluation 2
20 minutes after the stimulation
10 children

Control group
Placebo (DCS
1 session - 20 minutes
10 children

Post-treatment evaluation 1
10 children

Post-treatment evaluation 2
20 minutes after the stimulation
10 children

Figure 1. Flow diagram of study based on the Consolidated Standards of Reporting Trials (CONSORT) Statement.
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guardians signed a statement of informed consent
agreeing to the participation of their children.

Children with a diagnosis of spastic CP were
recruited from specialized clinics. The inclusion
criteria were classification at levels I, IT and I1I of the
GMFCS'>16 independent gait for at least 12 months,
age six to ten years, and degree of understanding
compatible with the procedures proposed. The
following were the exclusion criteria: having
undergone any surgical procedure or neurolytic block
in the previous 12 months, orthopedic deformity,
epilepsy, metal implants in the skull or hearing aids.
Following the application of the eligibility criteria,
20 children were selected for the study.

The participants were randomized into the
experimental and control groups based on the order
of inclusion into the study. A randomization list
was generated using blocks of six (for every six
participants, three were randomly allocated to each
group) and four (for every four participants, two were
randomly allocated to each group) to minimize the
risk of imbalance in the size of the groups.

The procedures were carried out in a single day.
Following Evaluation 1 (pretreatment evaluation/
before stimulation), the children received 20 minutes
of either active (experimental group) or sham (control
group) tDCS. The children received tDCS at rest
and seated comfortably. A responsible therapist
accompanied the stimulation session. Evaluation
2 (post-treatment evaluation/after stimulation)
was performed immediately following tDCS and
Evaluation 3 (twenty minutes after stimulation) was
performed after 20 minutes of rest. Three researchers
carried out the procedures — two performed the
evaluations and one performed the tDCS. The
evaluations and tDCS were carried out in separate
rooms to ensure the blinding of the examiners. Only
the researcher in charge of the application of the
tDCS was aware of the allocation of the children to
the experimental and control groups.

Transcranial direct-current stimulation

tDCS is the application of a low-intensity direct
current on the scalp using two electrodes (anode and
cathode). A sufficient amount of current penetrates
the overlying tissues and reaches the structures
of the motor cortex, modifying the neuronal
membrane potential. Anodal stimulation enhances
cortex excitability. The tDCS device (Soterix
Medical Inc., USA) included two non-metallic
sponge surface electrodes measuring 5 x 5 cm? and
moistened with saline solution. The children in the
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experimental group received anodal stimulation of
the primary motor cortex and those in the control
group received placebo transcranial stimulation.
The anode was positioned over the primary motor
cortex of the dominant hemisphere following the
10-20 international system of electrode placement
for electroencephalography'’ and the cathode was
positioned in the supra-orbital region contralateral
to the anode. The current was applied to the primary
motor cortex for 20 minutes, during which the
children remained seated. The tDCS device has a
button that allows the operator to control the intensity
of the current. Stimulation was gradually increased
until reaching 1 mA and gradually reduced in the final
10 seconds. For sham stimulation, the electrodes were
positioned in the same manner and the stimulator was
switched on for 30 seconds. This procedure gave the
children in the control group the initial sensation,
but they did not receive electrical stimulation for the
remainder of the session. This is considered a valid
control procedure in studies involving tDCS'®.

Evaluation procedures

The evaluation of spatiotemporal gait variables
(gait velocity, cadence, step length, stride length
and step width) was performed using the SMART-D
140® system (BTS Engineering, Italy) with eight
infrared cameras, the SMART-D INTEGRATED
WORKSTATION® with 32 analog channels and a
synchronized video system. After the determination
of the anthropometric measures (height, mass, lower
limb length, distance between the femoral condyles or
diameter of the knee, distance between the malleolus
or diameter of the ankle, distance between the anterior
iliac spines, and thickness of the pelvis), passive
markers were placed at specific reference points
directly on the skin for the evaluation of each segment
of the body. The markers were placed over C7 and
the sacrum as well as bilaterally over the acromion,
anterosuperior iliac spine, greater trochanter, femoral
epicondyle, femoral wand, tibial head, tibial wand,
lateral malleolus, lateral aspect of the foot at the
fifth metatarsal head and at the heel (only for static
offset measurements), as described by Davis et al.".
The Davis marker-set was chosen as the protocol of
choice to acquire the movement of lower limbs and
trunk based on Ferrari et al.?. After the child was
familiarized with the process, at least six trials were
performed along a 5-meter catwalk at a pace self-
selected by each child. Three consistent trials of each
lower limb were considered for analysis. All readings
were performed by the same experienced researcher
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to ensure the reliability of the data collection. In the
present study, only spatiotemporal and kinematic
gait variables were identified and computed. The
following spatiotemporal parameters were analyzed:

* velocity (m/s): mean velocity of progression;

* cadence: number of steps in a time unit (steps/
min);

« stride length (m): longitudinal distance between
successive points of heel contact of the same foot;

* step length (m): longitudinal distance between the
point of initial contact of one foot and the point of
initial contact of the contralateral foot;

* step width (m): distance between the rear end
of the right and left heel centerlines along the
mediolateral axis;

» stance phase: % of gait cycle that begins with
initial contact and ends at toe-off of the same limb.

Mean and standard deviation values of gait
velocity, cadence, step length, stride length, and step
width were used for the statistical analysis.

Static balance was evaluated with the use of a
force plate (Kistler model 9286BA), which allows
stabilometric analysis through readings of oscillations
of the CoP. The acquisition frequency was 50 Hz,
captured by four piezoelectric sensors positioned at
the extremities of the platform, which measured 40 x
60 cm. The data were recorded and interpreted using
the SWAY software program (BTS Engineering)
integrated to and synchronized with the SMART-D
140°®. The child was instructed to remain in a quiet
standing position on the platform, barefoot, arms
alongside the body, gaze fixed on a point marked at
a distance of one meter at the height of the glabellum,
with heels aligned and an unrestricted foot base. The
children classified at level III of the GMFCS!'>¢
used their usual gait assistance device, which was
positioned off the force plate. The platform used has
dimensions (600X400X35mm) that do not require the
child to make great postural adjustments to position
the gait assistance device off the platform. The
children were instructed to keep the assistance device
off the platform. The positioning of the device should
allow a comfortable posture. The exact location of the
device was marked on the floor with a white ribbon.
The positioning was used in the three Evaluations to
allow same condition assessment and comparative
analysis®..

Readings of displacement from the CoP on the
X (anteroposterior) and Y (mediolateral) axes were
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performed under two conditions: eyes open and
eyes closed. Three acquisitions of 30 seconds were
obtained for each condition and the average of the
acquisitions was used in the statistical analysis. The
outputs of the force platform allowed us to compute
the CoP time series in the anteroposterior direction
and the mediolateral direction. The output of the
platform was processed to compute quantitative
parameters in the time domain. The anteroposterior
and mediolateral coordinates of the CoP trajectory
underwent post-acquisition filtering using a low-
pass filter with a cut-off frequency of 10 Hz. In the
analysis, we identified and computed the range of
CoP displacement in the anteroposterior direction
(RANGEAP index) and the mediolateral direction
(RANGEML index), expressed in mm?!,

Statistical analysis

The Kolmogorov-Smirnov test was used to
determine the adherence of the data to the Gaussian
curve. Parametric distribution was demonstrated,
the data were expressed as mean and standard
deviation values. To verify the effect of transcranial
stimulation (active and placebo) over the three
Evaluations in each group, intragroup analysis was
performed. Intergroup analysis was performed to
verify a possible effect obtained by the experimental
group (active stimulation). With these goals, two-way
analysis of variance (ANOVA) was used with the
Bonferroni post hoc test, considering the variables:
anteroposterior oscillations (open and closed eyes),
mediolateral oscillations (open and closed eyes),
and spatiotemporal gait parameters (gait velocity,
cadence, step length, stride length, and step width).
The level of significance was set to 0.05. The data
was tabulated and processed using Statistical Package
for the Social Sciences (SPSS, v.19.0).

Results

Twenty children with CP were randomly allocated
to the experimental group (active tDCS applied to the
primary motor cortex) or control group (sham tDCS).
No statistically significant differences between
groups were found regarding the baseline data (age,
anthropometric data, gait velocity, cadence, and
static balance). Table 1 displays the anthropometric
characteristics and functional classification of the
children studied. All children tolerated the stimulation
without complaints. Adverse effects were uncommon
(three children) and restricted to redness and tingling
of the skin in the experimental group.



Figure 2 is a description of the results obtained in
the oscillations of the CoP. The experimental group
showed a reduction in anteroposterior sway with
eyes open in Evaluation 2 [F (2,36)=15.1, p=0.001],
anteroposterior sway with eyes closed in Evaluations
2 [F (2,18)=29.3, p=0.001] and 3 [F (2,18)=17.8,
p=0.001], and mediolateral sway with eyes closed
in Evaluations 2 [F (2,18)=49.9, p=0.001] and 3 [F
(2,18)=42.6, p=0.001]. The effects obtained also
exhibited significant reductions in anteroposterior
oscillation with eyes open (Pretreatment vs.
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Post-treatment 1 — effect: —11.8 mm, p<0.001;
Pretreatment vs. Post-treatment 2 — effect: —5.2 mm,
p=0.003), anteroposterior oscillation with eyes closed
(Pretreatment vs. Post-treatment 1 — effect: —15.7 mm,
p<0.001; Pretreatment vs. Post-treatment 2 — effect:
—10.6 mm, p<0.001), mediolateral oscillation with
eyes open (Pretreatment vs. Post-treatment 1 — effect:
—2.7 mm, p<0.001; Pretreatment vs. Post-treatment
2 — effect: —3.1 mm, p<0.05), and mediolateral
oscillation with eyes closed (Pretreatment vs.
Post-treatment 1 — effect: —14.6 mm, p<0.001;

Table 1. Anthropometric characteristics and functional classification of the participants.

Experimental group Control group
(n=10) (n=10)

Age (years)* 7.2 (1.8) 7.8 (1.5)
Body mass (Kg)* 26.3 (3.2) 27.1 (2.6)
Stature (cm)* 125.8 (7.2) 126.1 (8.2)
Body mass index (Kg%m)* 16.8 (1.2) 17.1 (1.1)
GMFCS (I\ I\ TIT)** (3\4\3) (3\4\3)
Topography (hemiparesis\diparesis)** (4\6) (3\7)

GMFCS - Gross Motor Functional Classification System. *Data expressed as mean (standard deviation); **numbers indicate frequency (n)

of children in each group.
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Figure 2. Results in the oscillations of the center of pressure before (Evaluation 1), immediately after (Evaluation 2), and twenty minutes
after (Evaluation 3) the transcranial stimulation in the experimental group and the control group. A) Oscillation of the center of pressure
in the anteroposterior direction with eyes open; B) Oscillation of the center of pressure in the anteroposterior direction with eyes closed;
C) Oscillation of the center of pressure in the mediolateral direction with eyes open; D) Oscillation of the center of pressure in the

mediolateral direction with eyes closed. Mean and standard deviation. *p<0.05.
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Pretreatment vs. Post-treatment 2 —effect: —14.2 mm,
p<0.001). In contrast, no significant differences
among evaluations were found in the control group
regarding gait variables or oscillations of the CoP.
The control group showed no statistical difference
in the intragroup analysis (p>0.05).

Table 2 describes the results obtained in the
spatiotemporal gait variables. In experimental group,
the statistical analysis showed an increase in walking
speed in Evaluation 2 [F (2,18)=36.1, p=0.001],
step length in Evaluation 2 [F (1,9)=19.3, p=0.017],
and stride length in Evaluation 2 [F (2,36)=17.0,
p=0.001] compared with the control group. No
significant differences were identified in the control
group (p>0.05). Figure 3 illustrates the results of gait
speed and cadence.

Discussion

tDCS currently occupies an important place in
studies addressing neuromotor rehabilitation due
to its potential in optimizing the results of physical
therapy'#?!%, The authors of the present study were
curious about the possible effects of tDCS performed
in an isolated fashion regarding changes in postural
stability and whether children would be able to

tolerate the current. No previous studies were found
addressing the effects of tDCS on postural control
and gait in children with CP. Therefore, the aim
of the present investigation was to determine the
immediate effect of a single session of tDCS applied
to the primary motor cortex in children classified at
levels I to IIT of the GMFCS. To enhance the validity
of the study, the experimental group (active tDCS)
was compared to a control group (sham tDCS) and
double-blind procedures (participants and examiners)
were employed.

Three-dimensional gait analysis?*-?® and
stabilometry?¢?’ are considered fundamental
assessment tools for the adequate quantification of
the effects of interventions aimed at improvements
in gait and static balance. These sensitive methods
allow the identification of small changes within a
short span of time and were therefore selected for
the present study. The experimental group exhibited
significant differences in the evaluations after the
application of active tDCS regarding gait velocity
and oscillations of the CoP in comparison with the
evaluation held prior to stimulation.

The present study offers important findings.
The experimental group exhibited an increase in
gait velocity immediately following tDCS, but this

Table 2. Performance at evaluation 1 (before stimulation), evaluation 2 (after stimulation), and evaluation 3 (twenty minutes after

stimulation) of outcome of variables spatiotemporal gait.

Experimental group

Evaluation 1 Evaluation 2

Evaluation 3

Control group

Evaluation 1 Evaluation 2 Evaluation 3

Gait velocity (m/s)  0.75 (0.19) 1.04(021)  0.85(027)  0.78(0.23)  0.80(0.20)  0.78(0.21)
Cadence 104.6 (28.5) 983 (43.4)  90.6(52.4)  103.5(25.1) 1053 (25.9)  104.2 (25.8)
Step length 033(0.10)  0.40(0.09  0.34(0.08)  035(0.09)  034(0.10)  0.34(0.08)
Stride length 0.83(0.01)  091(0.07)  0.81(0.06)  078(0.10)  0.79(0.07)  0.79 (0.10)
Step Width 0.15(0.09)  0.16(0.02)  0.15(0.08)  0.16(0.11) 0.16 (0.11) 0.16 (0.06)
1.5 4 @ 200 -
2 E 150 -
E 1.0 4 2
3 £ 0l E
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Figure 3. Results of gait velocity and cadence before (Evaluation 1), immediately after (Evaluation 2) and twenty minutes after

(Evaluation 3) the transcranial stimulation in the experimental group and the control group. A) Gait velocity, B) Gait cadence. Mean

and standard deviation. *p<0.05.
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increase was not maintained for more than 20 minutes
after the end of the stimulation. Although this was a
cross-sectional study involving a single session of
tDCS, the results suggest that the momentary increase
in cortex activation may have exerted an influence on
motor control and gait. As the primary motor cortex
was only stimulated for 20 minutes during rest, the
authors did not expect the changes to be maintained
in medium or long term. However, the findings could
encourage future studies to combine tDCS with motor
rehabilitation therapies to determine whether this
technique can assist in improving gait and postural
control in children with CP.

Gait velocity has an important relationship with
the cadence. However, in this study there was an
increase in walking velocity without increasing
cadence. The authors believe that this fact can be
explained by an increased step length.

Analyzing a population of elderly individuals (n=9)
with leukoaraiosis, an ischemic lesion of the cerebral
white matter that results in gait and balance disorders,
Kaski et al.** found that a single session of anodal
stimulation in combination with gait and balance
training had repercussions in the form of improvements
in gait velocity, stride length, step length variability,
and balance. In a study by Kaski et al.'¥, 30 healthy
individuals received either active or sham tDCS to
either the primary motor cortex or prefrontal cortex
prior to walking on a moving platform (a mobile sled
moved with a maximum velocity of 1.4 m/s). The
group that received active tDCS exhibited an increase
in gait velocity. Thus, anodal stimulation was capable of
inducing changes in the excitability of the motor cortex
of the lower limbs, thereby potentiating locomotion
control. All of these previous findings underscore the
potential of anodal stimulation of the motor cortex
regarding the facilitation of motor recovery.

Balance deficit resulting in frequent falls is one
of the most limiting aspects of CP!325%7, Regarding
oscillations of the CoP, two important findings were
identified in the present study: 1) the similarity in
the results with and without visual restriction; and
2) although a small number of participants were
classified at level 11 of the GMFCS (three per group),
the effects apparently involved these children, who
require gait-assistance devices.

Visual compensation is an important aspect of
postural stability. In children with CP, oscillations
are greater with eyes closed due to the lack of visual
compensation. The results suggest that there was
a momentary improvement in postural stability.
Although there are no studies that address the effects
of tDCS on static balance, the authors believe that
greater effectiveness of the proprioceptive system
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may have resulted from the stimulation of the cortical
area. Thus, the motor responses were effective in
minimizing the oscillations with visual restriction.
Similar results on the effect size of the oscillations
of the CoP, with and without visual restriction, are
observed only with more dynamic interventions, such
as the use of ankle-foot orthoses®.

All clinical effects observed following the application
of tDCS are directly related to cortex modulations
resulting from stimulation dependent on the polarity
of the current. Anodal stimulation increases cortex
excitability, favoring the depolarization of the neuronal
membrane, whereas the cathode has an inhibitory
effect through the hyperpolarization of the neuronal
membrane®?, A number of studies have demonstrated
that tDCS is successful in achieving these effects, but
some papers suggest that anodal stimulation applied to
the primary motor cortex seems to have an effect that
is dependent on the learning task and the formation of
memory. These neurophysiological aspects and the
clinical findings described in the results and discussion
sections of this paper suggest that tDCS may be an
important tool for potentiating the effects of neuromotor
rehabilitation. Although the present investigation has
limitations, such as not being a prospective study and
not involving a broader stimulation protocol, important
preliminary findings are described herein®. Such
findings can offer a direction for the development
of further studies that address the use of tDCS in
combination with physical therapy to treat locomotion
and postural disorders in children with CP.

Conclusion

Based on the present findings, a single session of
tDCS applied to the primary motor cortex in children
with CP was capable of causing significant reduction
in anteroposterior oscillation with eyes open and
eyes closed and in mediolateral oscillation with eyes
closed in comparison with the control group (tDCS
sham). Moreover, increases in gait velocity, step
length, and stride length were also observed after
stimulation. However, the results were not maintained
for more than 20 minutes after the end of stimulation.

Acknowledgements

For the financial support from the Brazilian
fostering agencies: Conselho Nacional de
Desenvolvimento Cientifico e Tecnologico (CNPq),
Coordenagdo de Aperfeicoamento de Pessoal de
Nivel Superior (CAPES), and Fundacéo de Amparo
a Pesquisa (FAPESP 2012/24019-0).

Braz ] Phys Ther. 2014 Sept-Oct; 18(5):419-427 425 @



Grecco LAC, Duarte NAC, Zanon N, Galli M, Fregni F, Oliveira CS

References

1.

12.

Miranda PC, Lomarev M, Hallett M. Modeling the current
distribution during transcranial direct current stimulation.
Clin Neurophysiol. 2006;117(7):1623-9. http://dx.doi.
org/10.1016/j.clinph.2006.04.009. PMid:16762592

Wagner T, Fregni F, Fecteau S, Grodzinsky A, Zahn M,
Pascual-Leone A. Transcranial direct current stimulation:
a computer-based human model study. Neuroimage.
2007;35(3):1113-24. http://dx.doi.org/10.1016/j.
neuroimage.2007.01.027. PMid:17337213

Liebetanz D, Nitsche MA, Tergau F, Paulus W.
Pharmacological approach to the mechanisms of
transcranial DC-stimulation-induced after-effects of
human motor cortex excitability. Brain. 2002;125(10):2238-
47. http://dx.doi.org/10.1093/brain/aw{238. PMid: 12244081

Yook SW, Park SH, Seo JH, Kim SJ, Ko MH. Suppression
of seizure by cathodal transcranial direct current
stimulation in an epileptic patient - a case report -. Ann
Rehabil Med. 2011;35(4):579-82. http://dx.doi.org/10.5535/
arm.2011.35.4.579. PMid:22506177

Shin YK, Lee DR, Hwang HJ, You SJ, Im CH. A novel
EEG-based brain mapping to determine cortical activation
patterns in normal children and children with cerebral
palsy during motor imagery tasks. NeuroRehabilitation.
2012;31(4):349-55. PMid:23232157.

Pitcher JB, Schneider LA, Burns NR, Drysdale JL, Higgins
RD, Ridding MC, et al. Reduced corticomotor excitability
and motor skills development in children born preterm. J
Physiol. 2012;590(22):5827-44. http://dx.doi.org/10.1113/
jphysiol.2012.239269. PMid:22966161

Rose S, Guzzetta A, Pannek K, Boyd R. MRI structural
connectivity, disruption of primary sensorimotor
pathways, and hand function in cerebral palsy. Brain
Connect. 2011;1(4):309-16. http://dx.doi.org/10.1089/
brain.2011.0034. PMid:22432420

Kurz MJ, Wilson TW. Neuromagnetic activity in the
somatosensory cortices of children with cerebral palsy.
Neurosci Lett. 2011;490(1):1-5. http://dx.doi.org/10.1016/j.
neulet.2010.11.053. PMid:21184811

Dinomais M, Lignon G, Chinier E, Richard I, Ter
Minassian A, Tich SN. Effect of observation of simple
hand movement on brain activations in patients with
unilateral cerebral palsy: an fMRI study. Res Dev
Disabil. 2013;34(6):1928-37. http://dx.doi.org/10.1016;.
ridd.2013.03.020. PMid:23584173

. Kesar TM, Sawaki L, Burdette JH, Cabrera MN, Kolaski

K, Smith BP, et al. Motor cortical functional geometry
in cerebral palsy and its relationship to disability.
Clin Neurophysiol. 2012;123(7):1383-90. http://dx.doi.
org/10.1016/j.clinph.2011.11.005. PMid:22153667

. Chagas PSC, Mancini MC, Barbosa A, Silva PTG. Analysis

of the interventions used for gait promotion in children
with cerebral palsy: a systematic review of the literature.
Rev Bras Fisioter. 2004;8(2):155-63.

De Kegel A, Dhooge I, Peersman W, Rijckaert J,
Baetens T, Cambier D, et al. Construct validity of the
assessment of balance in children who are developing
typically and in children with hearing impairments. Phys

® 426 Braz] Phys Ther. 2014 Sept-Oct; 18(5):419-427

13.

14.

15.

18.

19.

20.

21.

22.

23.

24.

Ther. 2010;90(12):1783-94. http://dx.doi.org/10.2522/
ptj.20100080. PMid:21030662

Grecco LA, Tomita SM, Christovao TC, Pasini H, Sampaio
LM, Oliveira CS. Effect of treadmill gait training on
static and functional balance in children with cerebral
palsy: a randomized controlled trial. Braz J Phys Ther.
2013;17(1):17-23. PMid:23538455.

Kaski D, Quadir S, Patel M, Yousif N, Bronstein AM.
Enhanced locomotor adaptation after effect in the
“broken escalator” phenomenon using anodal tDCS.
J Neurophysiol. 2012;107(9):2493-505. http://dx.doi.
org/10.1152/jn.00223.2011. PMid:22323638

Palisano R, Rosenbaum P, Walter S, Russell D, Wood E,
Galuppi B. Development and reliability of a system to
classify gross motor function in children with cerebral
palsy. Dev Med Child Neurol. 1997;39(4):214-23.
http://dx.doi.org/10.1111/j.1469-8749.1997.tb07414 x.
PMid:9183258

. Hiratuka E, Matsukura TS, Pfeifer LI. Cross-cultural

adaptation of the gross motor function classification
system into Brazilian-Portuguese (GMFCS). Rev Bras
Fisioter. 2010;14(6):537-44. http://dx.doi.org/10.1590/
S1413-35552010000600013. PMid:21340249

. Homan RW, Herman J, Purdy P. Cerebral location

of international 10-20 system electrode placement.
Electroencephalogr Clin Neurophysiol. 1987;66(4):376-
82. http://dx.doi.org/10.1016/0013-4694(87)90206-9.
PMid:2435517

Adeyemo BO, Simis M, Macea DD, Fregni F. Systematic
review of parameters of stimulation, clinical trial design
characteristics, and motor outcomes in non-invasive brain
stimulation in stroke. Front Psychiatry. 2012;3:88. http://
dx.doi.org/10.3389/fpsyt.2012.00088. PMid:23162477

Davis RB 3rd, Ounpuu S, Tyburski D, Gage JR. A gait
analysis data collection and reduction technique.
Hum Mov Sci. 1991;10(5):575-87. http://dx.doi.
org/10.1016/0167-9457(91)90046-Z.

Ferrari A, Benedetti MG, Pavan E, Frigo C, Bettinelli D,
Rabuffetti M, et al. Quantitative comparison of five current
protocols in gait analysis. Gait Posture. 2008;28(2):207-
16. http://dx.doi.org/10.1016/j.gaitpost.2007.11.009.
PMid: 18206374

Cimolin V, Galli M, Rigoldi C, Grugni G, Vismara L,
Mainardi L, et al. Fractal dimension approach in postural
control of subjects with Prader-Willi Syndrome. J Neuroeng
Rehabil. 2011;8(1):45. http://dx.doi.org/10.1186/1743-0003-
8-45. PMid:21854639

Kadaba MP, Ramakrishnan HK, Wootten ME. Measurement
of lower extremity kinematics during level walking. J
Orthop Res. 1990;8(3):383-92. http://dx.doi.org/10.1002/
jor.1100080310. PMid:2324857

Khedr EM, Shawky OA, El-Hammady DH, Rothwell JC,
Darwish ES, Mostafa OM, et al. Effect of anodal versus
cathodal transcranial direct current stimulation on
stroke rehabilitation: a pilot randomized controlled trial.
Neurorehabil Neural Repair. 2013;27(7):592-601. http://
dx.doi.org/10.1177/1545968313484808. PMid:23609526

Kaski D, Dominguez RO, Allum JH, Bronstein AM.
Improving gait and balance in patients with leukoaraiosis
using transcranial direct current stimulation and



25.

26.

27.

28.

physical training: an exploratory study. Neurorehabil
Neural Repair. 2013;27(9):864-71. http://dx.doi.
org/10.1177/1545968313496328. PMid:23897903

Domagalska M, Szopa A, Syczewska M, Pietraszek S, Kidon
Z, Onik G. The relationship between clinical measurements
and gait analysis data in children with cerebral palsy. Gait
Posture. 2013;38(4):1038-43. http://dx.doi.org/10.1016/j.
gaitpost.2013.05.031. PMid:23810569

Wren TA, Lening C, Rethlefsen SA, Kay RM. Impact of gait
analysis on correction of excessive hip internal rotation
in ambulatory children with cerebral palsy: a randomized
controlled trial. Dev Med Child Neurol. 2013;55(10):919-
25. http://dx.doi.org/10.1111/dmcn.12184. PMid:23738949

Roque AH, Kanashiro MG, Kason S, Grecco LAC, Salgado
ASI, Oliveira CS. Analysis of static balance in children
with cerebral palsy spastic diparetic type with and without
the use of orthoses. Fisioter Mov. 2012;25(2):311-6. http://
dx.doi.org/10.1590/S0103-51502012000200008.

Nobre A, Monteiro FF, Golin MO, Biasotto-Gonzalez D,
Corréa JC, Oliveira CS. Analysis of postural oscillation

Effect of tDCS on balance and gait

in children with cerebral palsy. Electromyogr Clin
Neurophysiol. 2010;50(5):239-44. PMid:20718335.

29. Auvichayapat P, Auvichayapat N. Basic knowledge of
transcranial direct current stimulation. J Med Assoc Thai.
2011;94(4):518-27. PMid:21591542.

30. Thibaut A, Chatelle C, Gosseries O, Laureys S, Bruno MA.
Transcranial direct current stimulation: a new tool for
neurostimulation. Rev Neurol (Paris). 2013;169(2):108-
20. http://dx.doi.org/10.1016/j.neurol.2012.05.008.
PMid:22959705

Correspondence
Luanda André Collange Grecco

Rua Diogo de Faria, 775, ¢j 91, Vila Clementino
CEP 04037-002, Sdo Paulo, SP, Brasil
e-mail: luandacollange@hotmail.com

Braz ] Phys Ther. 2014 Sept-Oct; 18(5):419-427 427 ®



original article . . .
b]PTBrazilian Journal of
Physical Therapy

Relationship among vaginal palpation, vaginal squeeze
pressure, electromyographic and ultrasonographic
variables of female pelvic floor muscles

Correlacdo entre palpagao digital, pressdo de contracdo, atividade eletromiografica e
variaveis ultrassonogréaficas da musculatura do assoalho pélvico feminino
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ABSTRACT | Background: The proper evaluation of the pelvic floor muscles (PFM) is essential for choosing the correct
treatment. Currently, there is no gold standard for the assessment of female PFM function. Objective: To determine the
correlation between vaginal palpation, vaginal squeeze pressure, and electromyographic and ultrasonographic variables
of the female PFM. Method: This cross-sectional study evaluated 80 women between 18 and 35 years of age who were
nulliparous and had no pelvic floor dysfunction. PFM function was assessed based on digital palpation, vaginal squeeze
pressure, electromyographic activity, bilateral diameter of the bulbocavernosus muscles and the amount of bladder neck
movement during voluntary PFM contraction using transperineal bi-dimensional ultrasound. The Pearson correlation
was used for statistical analysis (p<0.05). Results: There was a strong positive correlation between PFM function and
PFM contraction pressure (0.90). In addition, there was a moderate positive correlation between these two variables and
PFM electromyographic activity (0.59 and 0.63, respectively) and movement of the bladder neck in relation to the pubic
symphysis (0.51 and 0.60, respectively). Conclusions: This study showed that there was a correlation between vaginal
palpation, vaginal squeeze pressure, and electromyographic and ultrasonographic variables of the PFM in nulliparous
women. The strong correlation between digital palpation and PFM contraction pressure indicated that perineometry
could easily be replaced by PFM digital palpation in the absence of equipment.

Keywords: pelvic floor; electromyography; physical therapy.
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RESUMO | Contextualizac¢do: A avaliagdo adequada da musculatura do assoalho pélvico (MAP) ¢ essencial para o
delineamento do tratamento correto. No entanto, atualmente ndo existe um método de avaliacdo dessa regido que seja
considerado como padrao-ouro. Objetivo: Verificar a correlagdo entre a palpagdo digital, a pressdo de contragdo, a
atividade eletromiografica e as variaveis ultrassonograficas da MAP. Método: Neste estudo transversal, foram avaliadas
80 mulheres com idades entre 18 e 35 anos, nuliparas e sem relatos de disfung@o de assoalho pélvico. Foram avaliados a
fun¢@o muscular por meio da palpagdo digital, a pressdo de contragdo, a atividade eletromiografica, o didmetro bilateral
do musculo bulbocavernoso e o deslocamento do colo vesical em relagdo a sinfise pubica por meio da ultrassonografia
bidimensional. Para a analise estatistica, foi realizada a Correlagao de Pearson (p<0,05). Resultados: Observou-se uma
correlacdo positiva forte entre a fungdo e a pressdo de contragdo da MAP (0,90). Observou-se também uma correlagao
positiva moderada entre essas duas varidveis e a atividade eletromiografica da MAP (0,59 and 0,63, respectivamente),
bem como entre o deslocamento do colo vesical e a sinfise pbica (0.51 e 0.60, respectivamente). Conclusdes: Os achados
deste estudo permitem concluir que existe correlagdo entre as varidveis ultrassonograficas e a fungdo muscular, a pressao
de contracdo e a atividade eletromiografica da MAP em mulheres jovens nuliparas. A correlagdo forte existente entre a
palpacao digital e a pressdo de contragdo indica que, na auséncia de equipamentos, a perineometria pode ser facilmente
substituida pela palpacédo digital da MAP.
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Correlagdo entre métodos de avaliagdo da musculatura do assoalho pélvico feminine

Introducao

Os musculos do assoalho pélvico formam a base
da pelve e da cavidade abdominal'. Esses musculos
estdo intimamente envolvidos na fungdo do trato
urinario inferior, anorretal e na fungio sexual®, além
de contribuir para a estabilizagdo da coluna vertebral
e da pelve, auxiliando indiretamente a estabilizagdo
lombo-pélvica’.

As disfungdes do assoalho pélvico afetam cerca
de 50% das mulheres acima dos 50 anos e podem
apresentar-se como incontinéncia urinaria ou fecal,
constipacdo crdnica, dor pélvica e prolapso de
orgéos pélvicos®. Essas disfungdes promovem grande
impacto sobre a qualidade de vida das mulheres e
preocupam as instituigdes governamentais quanto
aos custos dos cuidados®®. Estudo recente projetou
que, com a manutengao do crescimento populacional,
a necessidade de cuidados com mulheres com
disfungdes de assoalho pélvico ird aumentar 35%
entre 2010 e 2030 nos Estados Unidos’.

Diante da alta prevaléncia e dos custos envolvidos
nos cuidados de mulheres com disfungdes de assoalho
pélvico, é essencial a elaboragdo de tratamentos
efetivos e de baixo custo®. Evidéncias demonstram
resultados positivos do tratamento fisioterapéutico
em mulheres com disfungdes®!!. Para a elaboragdo de
um tratamento eficaz, € essencial a realizacdo de uma
avaliagdo adequada. Autores indicam que o insucesso
dos tratamentos de mulheres com disfunc¢des de
assoalho pélvico deva-se, muitas vezes, ndo a terapia
inadequada, mas a avaliagéo incorreta'?.

Dessa forma, a avaliagdo da musculatura do
assoalho pélvico (MAP) ¢ essencial para a elaboragao
do tratamento adequado e para o acompanhamento
dos resultados desse tratamento. Atualmente,
ndo existe uma ferramenta de avaliacdo que seja
considerada padrao-ouro, o que torna a comparagéo
dos resultados dificil e imprecisa'®. A Sociedade
Internacional de Continéncia recomenda que
a avaliagdo funcional do assoalho pélvico secja
realizada por meio da inspec¢do visual, palpacdo
digital, perineometria ou eletromiografia'®. Trata-se
de métodos de avaliagdo importantes, mas que ndo
fornecem informagdes diretas a respeito da anatomia
da regido*. Dessa forma, métodos de avaliagdo por
imagem tém sido propostos, como a ultrassonografia
e a ressonancia magnética*'’.

Pouco ¢ conhecido a respeito da correlagdo entre
métodos de imagem e as demais formas de avaliagdo
da MAP. Assim, o objetivo deste estudo foi verificar
a correlag@o entre a palpagdo digital, a pressdo de

contracdo, a atividade eletromiografica e as variaveis
ultrassonograficas da MAP.

Método

O estudo foi conduzido no Laboratério de Pesquisa
em Satde da Mulher da Universidade Federal de
Sdo Carlos (UFScar), Sao Carlos, SP, Brasil, no
periodo de janeiro de 2012 a julho de 2013. Para
este estudo transversal, foram recrutadas mulheres
da comunidade com idades entre 18 ¢ 35 anos,
nuligestas e sem relato de disfungdes da MAP.
Foram considerados como critérios de exclusdo a
incapacidade de contra¢ao voluntaria da MAP, indice
de massa corporal superior a 25 kg/cm?, realizagdo de
cirurgias uroginecologicas prévias, realizagdo prévia
de treinamento da MAP, presenca de qualquer déficit
cognitivo ou condi¢do neurologica que pudesse
influenciar a ativacdo muscular. Como forma de
garantir que todas as voluntarias fossem capazes
de realizar a contragdo voluntaria da musculatura
de interesse, foi realizada a avaliacdo funcional
da MAP por meio da palpagdo digital. A funcao
muscular foi classificada pela Escala de Oxford
Modificada'®, e aquelas mulheres classificadas com
fungdo zero (auséncia de resposta muscular) foram
excluidas. Todas as voluntarias assinaram o termo
de consentimento livre e esclarecido, e este estudo
foi aprovado pelo Comité de Etica em Pesquisa com
Seres Humanos do Centro Universitario Central
Paulista (UNICEP), Sao Carlos, SP, Brasil (protocolo
n® 020/2011).

O calculo amostral foi realizado com o uso do
software GPower, versdo 3.1, a partir dos dados de
correlagdo da perineometria com o deslocamento
do colo vesical em relacdo a sinfise pubica durante a
contragdo da MAP (r=0,43) encontrados no estudo
de Thompson et al.'”. De acordo com o calculo,
determinou-se que uma amostra de 74 mulheres seria
necessaria para alcangar um poder estatistico de 95%
com um nivel de significancia de 3%.

Procedimentos

Todas as voluntarias foram submetidas a uma
anamnese inicial e ao exame fisico, que foram
realizados por uma Unica fisioterapeuta com
experiéncia nesse tipo de avaliagdo. Antes do inicio do
estudo, a reprodutibilidade das avaliagoes foi testada
pela fisioterapeuta responsavel. Foram avaliadas
15 mulheres em duas ocasides, com intervalo de uma
semana, para determinar o coeficiente de correlagdo
intraclasse (ICC) de todas as variaveis avaliadas.
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Palpacao digital e pressao de contracio da
musculatura do assoalho pélvico

Inicialmente foi realizada a avaliacdo da MAP
por meio da palpagdo digital, conforme proposto
por Laycock e Jerwood'¢. Para tanto, as voluntarias
foram posicionadas em supino, com flexdo de quadris
ejoelhos. A fisioterapeuta introduziu o dedo indicador
aproximadamente 4 cm no interior da vagina, e
solicitou-se que as voluntarias realizassem a maxima
contracdo da MAP, segundo a instru¢do de um
movimento “para dentro e para cima” com a maior
forga possivel. A fungdo muscular foi classificada pela
Escala de Oxford Modificada, com variagdo de zero
(auséncia de contragdo muscular) a cinco (contragdo
forte com sucg¢do do dedo do avaliador) (ICC: 0,99).

Em seguida, a pressdo de contragdo dos musculos
do assoalho pélvico foi avaliada por meio do
equipamento Peritron (Cardio Design Pty Ltd,
Oakleigh, Victoria, Australia) equipado com uma
sonda vaginal. Para a obten¢do das medidas, as
voluntdrias mantiveram o posicionamento, € o
sensor vaginal foi introduzido aproximadamente
3,5 cm na cavidade vaginal; em seguida, o aparelho
foi calibrado. As voluntarias foram orientadas e
motivadas verbalmente a realizar trés contragdes
dos musculos do assoalho pélvico, com duragdo de
trés segundos e intervalo de um minuto entre elas,
segundo a instrucdo ja descrita, com a maior forga
possivel. A realizacdo de contracdes corretas foi
verificada visualmente pela fisioterapeuta. Todas as
voluntarias foram instruidas a evitar a utilizagdo da
musculatura abdominal, gltitea e adutora de quadril*®.
A média de trés contragdes validas foi utilizada para
analise dos dados (ICC: 0,97).

Avaliacao eletromiografica

Para a coleta dos dados eletromiograficos, o
eletromiografo Myotrac Infiniti (Thought Technology
Ltd, Canada) foi utilizado (frequéncia de aquisicao:
1000 Hz; acuracia de ganho: 0,5%; impedancia de
entrada: 10 GW; filtro analdgico passa-banda de 20 a
500 Hz; filtro anti-aliasing Butterworth de 4* ordem a
500 Hz; CMRR >130 dB; ganho: 500). As voluntarias
foram solicitadas a permanecer na posi¢ao supina,
com flexdo de quadris e joelhos. Para a captacdo dos
dados, foi utilizado um sensor intravaginal (AS 9572,
Thought Technology Ltd, Canad4) composto por dois
eletrodos laterais de ago inoxidavel (comprimento
de 3,5 cm e largura 1,0 cm). O sensor foi inserido
3,5 cm na cavidade vaginal, de modo que as placas
ficassem dispostas latero-lateralmente. O eletrodo de
referéncia (Medi-Trace™, Kendall, Mansfield, MA,
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EUA) foi posicionado sobre a crista iliaca antero-
superior direita da voluntaria.

Inicialmente, foi coletada a atividade
eletromiografica da MAP durante a realizagdo de
contragdes abdominais para a normalizagdo dos
dados eletromiograficos!®. Para a realizagdo da
contrag@o abdominal, as voluntarias foram orientadas
a permanecer com o quadril e os joelhos fletidos
em 45° e realizar uma leve tentativa de sentar-se?,
com a retirada da cabeca e da porgdo superior das
escapulas da maca e a manutenc¢do da posicdo por
cinco segundos até o retorno a posicdo original.
Foi realizada uma manobra de familiarizagdo e trés
manobras validas com duragdo de cinco segundos
e intervalo de um minuto entre elas. Durante a
tarefa, ndo foi dada qualquer instrugdo a respeito da
contracdo da MAP.

Ap6s dez minutos, as voluntarias foram instruidas
a realizar a contragdo voluntaria maxima da MAP
com a mesma orientagdo de um movimento “para
dentro e para cima” com a maior for¢a possivel e a
manter a contrag@o até a sensacdo de fadiga maxima.
A voluntaria foi orientada a relatar a sensagdo de
fadiga pela palavra “sim” e, em seguida, permanecer
relaxada até a finalizagdo do tempo de coleta. Caso
a voluntaria finalizasse um minuto de contragdo
sem o relato de fadiga, a avaliadora a orientava a
interromper a contragao.

O processamento dos dados eletromiograficos
foi realizado por meio de rotinas programadas em
ambiente Matlab (v. R2008a, MathWorks, Natick,
MA). Inicialmente foi aplicado um filtro digital
Butterworth, passa-banda de 20 a 450 Hz, 4* ordem a
atraso de fase zero. Em seguida, foram transformados
em valores de Root Mean Square (RMS) por meio
de janelamento. As janelas foram programadas com
durag@o de 40 ms e sobreposi¢do de 50%. Para a
contragao abdominal, a média do valor RMS foi
computada e considerada como a atividade elétrica
voluntaria média para cada uma das trés contragdes.
Em seguida, o valor médio das trés contragdes foi
computado. Para a contragdo voluntaria da MAP
até a fadiga, foram considerados os cinco segundos
iniciais de contragdo, ¢ calculado o valor maximo
desse periodo.

Para a normalizagdo dos dados, o valor maximo
de RMS dos cinco segundos iniciais da contragdo
voluntaria até a fadiga foi dividido pelo valor médio
da atividade de manobra de contragdo abdominal e
expresso em porcentagem da atividade elétrica da
atividade (ICC: 0,95).
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Avaliacao ultrassonografica

Apds um intervalo de cinco a sete dias, foi
realizada a avaliagdo ultrassonografica do assoalho
pélvico. A avaliagdo foi realizada pela técnica
transperineal por meio do equipamento bidimensional
Venue 40 (GE Healthcare, Waukesha, WI, EUA)
acoplado a um transdutor convexo (2-5,5 MHz), por
um médico ultrassonografista com experiéncia nesse
tipo de avaliacdo. As voluntarias foram orientadas
a esvaziar a bexiga uma hora antes do exame e, em
seguida, ingerir 500 ml de agua, sem realizar a mic¢do
até o exame'’. Todos os exames foram realizados com
o conteudo vesical de 50 a 250 ml mensurado pela
ultrassonografia.

A voluntaria foi posicionada em decubito dorsal,
com flexdo de quadris e joelhos, e foi realizada a
medida bilateral em centimetros do maior didmetro
latero-lateral do muisculo bulbocavernoso?'. Foram
realizadas trés medidas em repouso, ¢ a média das
medidas foi utilizada para a analise (ICC didmetro
direito: 0,94; ICC didmetro esquerdo: 0,90). Em
seguida, foi realizada a medida da distancia entre a
sinfise pubica e o colo da bexiga. Foram realizadas
trés medidas em repouso e trés medidas com a
realizagio da contra¢do voluntaria maxima da MAP"’,
com intervalo de um minuto entre as contra¢des. A
média das medidas foi calculada e a diferenga entre
a distancia durante a contra¢do ¢ durante o repouso
foi utilizada para a analise (ICC: 0,81).

Andlise estatistica

A andlise estatistica foi realizada por meio do
software Statistical Package for Social Sciences
(SPSS V17, Chicago, IL). A normalidade dos dados
foi testada pelo teste Shapiro-Wilk. Para a analise
da reprodutibilidade dos métodos de avaliagdo, foi
realizado o calculo do Coeficiente de Correlagao
Intraclasse (ICC(2, k)). Valores de ICC superiores a
0,75 foram considerados excelentes??.

Para verificar a correlacdo entre as variaveis,
foi aplicado o teste de Correlagdo de Pearson. Foi
adotado um nivel de significancia de 5% (p<0,05). Os
valores de correlag@o foram interpretados segundo as
seguintes diretrizes: 0,00-0,19 = nenhuma a ligeira;
0,20-0,39 = leve; 0,40-0,69 = moderada; 0,70-0,89
= alta e 0,90-1,00 = muito alta?>. Os dados estio
expressos em média e desvio padrao (DP).

Resultados

Foram selecionadas para o presente estudo
82 mulheres. Dentre as selecionadas, duas foram
excluidas pela incapacidade de contragdo voluntaria

da MAP. Concluiram o estudo 80 voluntarias, com
idade média de 25,7 (DP: 4,5) anos ¢ indice de massa
corporal médio de 20,9 (DP: 1,8) kg/m?.

As voluntarias demonstraram, para a variavel
funcdo da MAP, avaliada pela palpagdo digital,
uma média de 2,71 (DP: 0,90). Para as variaveis
pressdo de contracdo ¢ RMS normalizada pela
média da contragdo abdominal, foram observadas
as médias de 51,14 (DP: 24,87) cmH,O e 520,0
(DP: 324,0)%, respectivamente. Quanto as variaveis
ultrassonograficas, foram observadas médias de 1,25
(DP: 0,22) cm e 1,23 (DP: 0,22) cm para o diametro
dos musculos bulbocavernoso direito e esquerdo,
respectivamente. Para a diferenca da medida da
distancia do colo vesical a sinfise pubica durante a
contra¢do voluntaria maxima e durante o repouso, as
voluntarias demonstraram um valor médio de 0,27
(DP: 0,22) cm.

Quando realizada a analise de correlagdo entre
as variaveis, foi observada uma correlacdo positiva
forte entre a funcdo e a pressao de contragdo da MAP.
Observou-se uma correlagdo positiva moderada
entre essas duas varidveis e a RMS normalizada
pelamédia da contragdo abdominal, bem como entre
o deslocamento do colo vesical e a sinfise pubica.
Também foi verificada uma correlagdo negativa
leve entre a variavel eletromiografica e o diametro
dos musculos bulbocavernoso direto e esquerdo
(Tabela 1).

Discussao

Dentre os métodos de avaliagdo por imagem, a
ultrassonografia tem ganhado destaque por tratar-se
de uma técnica simples, segura, sem uso de radiacdo
e de baixo custo'. No presente estudo, observou-se
que a medida do deslocamento do colo vesical em
relagdo a sinfise pubica durante a contracdo da
musculatura do assoalho pélvico correlaciona-se
positiva e moderadamente com a fungdo muscular
avaliada pela palpagdo digital e com a pressao de
contracdo da MAP em mulheres jovens nuliparas.

Thompson et al.!” e Dietz et al.?* também
verificaram uma correlacdo positiva e moderada
entre as mesmas varidveis avaliadas no presente
estudo. A fung@o normal dos musculos do assoalho
pélvico ¢ definida como a capacidade de executar
uma contracdo voluntaria normal ou forte ¢ a
presen¢a de uma contragdo involuntaria, resultando
no fechamento circular da vagina, uretra e anus e
em um movimento cranio-ventral do perineo, com
a ascensdo dos oOrgdos pélvicos?. Dessa forma,
espera-se que um musculo com maior capacidade
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Tabela 1. Coeficiente da Correlagdo de Pearson entre as variaveis fungdo da musculatura do assoalho pélvico avaliada pela palpagdo
digital, pressdo de contragdo, RMS normalizada pela média da contrag@o abdominal, didmetro dos musculos bulbocavernoso direito e
esquerdo e diferenga da medida da distancia do colo vesical a sinfise pibica durante a contragdo voluntaria maxima e durante o repouso.

Pressao fle RMS
contragao normalizada
(cmH20)
Fung¢@o Muscular 0,90* 0,59%*
Pressdo de contragao 0,63*

(cmH,0)
RMS normalizada

Diametro muscular
direito (cm)

Diametro muscular
esquerdo (cm)

Didmetro Diametro Deslocamento do colo
muscular direito muscular vesical em relacio a
(cm) esquerdo (cm) sinfise pubica (cm)
0,15 -0,13 0,51*
0,10 0,08 0,60%*
—0,27* —0,22% 0,32
0,92%* 0,12
0,13

#p<0,05.

de contragdo promova maior deslocamento cranial,
como observado neste estudo.

Apesar da facilidade e do baixo preco da avaliagdo
do assoalho pélvico por meio da palpagdo digital e da
perineometria®, essas técnicas ndo sdo apropriadas
para todas as populagdes. Algumas mulheres
apresentam intolerancia a introdugdo vaginal ou
a introdugdo ¢ inapropriada, como em criangas, o
que dificulta a avaliagdo dessa musculatura'. Os
resultados encontrados no presente estudo e nos
estudos anteriores demonstram que a ultrassonografia
transperineal pode ser uma opgao para a avaliagdo
da MAP e para o ensinamento da contragdo correta
desses musculos para essa populagao.

Contrario ao esperado, encontrou-se apenas
uma correlagdo leve e negativa entre o didmetro
bilateral do mutisculo bulbocavernoso e a RMS da
contracdo da MAP normalizada pela contragdo
abdominal e nenhuma correlagdo significativa entre
o didmetro muscular e as demais variaveis. Estudos
demonstram que, em alguns musculos esqueléticos,
parece existir uma relagdo direta entre a area de
secgdo transversa muscular e a geracao de forga®.
Na MAP, ainda néo existe uma conclusao a respeito
dessa questdo. Markved et al.”® avaliaram mulheres
nuliparas no segundo trimestre de gestagao por meio
da ultrassonografia transperineal tridimensional e
encontram uma forte correlagdo entre a espessura
do diafragma urogenital e a pressdo de contragdo da
MAP medida pela perineometria. Brackken et al.?®
verificaram que as variaveis clinicas da MAP, como
a pressdo de contracdo, explicam apenas 26% da
espessura muscular em mulheres com prolapso de
orgdos pélvicos. Segundo os autores, a arquitetura
determinada geneticamente, a fungdo involuntaria, o
nivel de treinamento muscular e a presenga de lesdes
musculares podem determinar maior porcentagem.
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Também ¢ preciso considerar que a MAP
apresenta caracteristicas peculiares por tratar-se
de musculos que atuam no suporte dos 6rgdos e na
estabilidade lombo-pélvica®. Eles contribuem com
as atividades da coluna vertebral e pelve por meio da
cocontragao com os musculos transverso abdominal,
obliquo interno, obliquo externo e reto abdominal.
Dessa forma, os musculos do assoalho pélvico sdo
recrutados em diferentes tarefas relacionadas a
postura, bem como durante a respiragao, trabalhando
em diversas atividades durante grande parte do
dia’. Sabe-se que a morfometria e a histoquimica
dos musculos do assoalho pélvico em humanos
demonstram predominancia de fibras do tipo I, de
fungdo tonica’’. No entanto, em comparagdo com
outros musculos tonicos nao pélvicos, os musculos
do assoalho pélvico apresentam um menor didmetro
médio das fibras do tipo I2. Assim, é possivel que
a correlacdo encontrada entre a area muscular ¢ a
capacidade de geragdo de forga, conhecida em outros
musculos?’, ndo seja verdadeira para os musculos do
assoalho pélvico.

No presente estudo, também se observou uma
correlagdo moderada positiva entre a variavel
eletromiografica e as variaveis funcdo e pressdo de
contragdo da MAP. A eletromiografia de superficie
da MAP tem sido amplamente utilizada para a
avaliacdo da fun¢do neuromuscular desses musculos
e para o melhor entendimento da fun¢do muscular
durante diferentes atividades®*’. Estudos com
outros musculos esqueléticos indicaram que existe
relagdo entre o nivel de for¢a muscular e a atividade
eletromiografica®. Essa relagdo também parece ser
verdadeira na MAP. Botelho et al.® observaram
uma correlacdo forte e positiva entre a atividade
eletromiografica ndo normalizada em microvolts e
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a palpacdo digital graduada pela Escala de Oxford
Modificada.

A palpacdo digital ¢ amplamente utilizada
na pratica clinica do fisioterapeuta por tratar-se
de uma técnica de avaliagdo simples e que ndo
exige equipamentos. No entanto, essa técnica de
avaliacdo ¢ altamente dependente da experiéncia
do examinador®. A forte correlagdo encontrada no
presente estudo entre os valores da palpagdo digital e
de pressdo de contragdo da MAP também foi também
descrita por estudos anteriores***. Dessa forma, os
resultados indicam que, na auséncia de equipamentos,
a perineometria pode ser facilmente substituida
pela palpacdo digital da MAP, quando realizada por
fisioterapeuta experiente.

Quanto aos demais métodos de avaliagdo, os
resultados do presente estudo indicam que os
fisioterapeutas devem ter cautela ao substituir
métodos de avaliagdo ou utilizar um tnico método,
uma vez que a correlacdo de moderada a fraca
encontrada entre os métodos de avaliagdo indica que a
utilizacdo de mais de um método pode ser positiva na
avaliacao da MAP. Além disso, 0o método de avaliagao
ultrassonografica pela medida do deslocamento do
colo vesical em relagdo a sinfise pubica parece ser
uma opgao de avaliagdo da fungdo muscular apenas
em mulheres em que a introdugdo vaginal ndo ¢
recomendada.

Este estudo tem como limitagdo a utilizagdo do
método de ultrassonografia bidimensional. No Brasil,
os equipamentos bidimensionais ainda ndo podem
ser encontrados em todos os centros de saude. Ja
os equipamentos com tecnologias 3D e 4D, que
apresentam alto custo e complexidade, apresentam-
se restritos aos grandes centros diagndsticos. No
entanto, sabe-se que as novas tecnologias permitiriam
avaliacdes de espessura muscular mais precisas.
Novos estudos devem ser realizados para verificar a
aplicabilidade clinica das novas tecnologias 3D e 4D.

Os resultados do presente estudo limitam-se a
populagdo de mulheres jovens, nuliparas e eutrdficas.
Novos estudos devem ser realizados para comparar
a avaliagdo da MAP por meio de diferentes técnicas
em outras populagdes, como incontinentes, idosas
¢ gestantes.

Conclusoes

Os achados deste estudo permitem concluir que
existe correlagdo entre as variaveis ultrassonograficas
e a fungdo muscular, a pressdo de contragdo ¢ a
atividade eletromiografica da MAP em mulheres
jovens nuliparas. Além disso, existe uma alta

correlagdo entre a fungdo muscular verificada
pela palpacdo digital e pela pressdo de contracdo,
indicando que, na pratica clinica do fisioterapeuta, a
palpacdo digital pode substituir o uso de equipamentos
de mensuragao de pressio.
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Influences of hand dominance on the maintenance of
benefits after home-based modified constraint-induced
movement therapy in individuals with stroke

Renata C. M. Lima'?, Lucas R. Nascimento'?, Stella M. Michaelsen*,
Janaine C. Polese'?, Natalia D. Pereira*, Luci F. Teixeira-Salmela?

ABSTRACT | Objective: To investigate the influence of hand dominance on the maintenance of gains after home-based
modified constraint-induced movement therapy (mCIMT). Method: A previous randomized controlled trial was conducted
to examine the addition of trunk restraint to the mCIMT. Twenty-two chronic stroke survivors with mild to moderate
motor impairments received individual home-based mCIMT with or without trunk restraints, five times per week, three
hours daily over two weeks. In this study, the participants were separated into dominant group, which had their paretic
upper limb as dominant before the stroke (n=8), and non-dominant group (n=14) for analyses. The ability to perform
unimanual tasks was measured by the Wolf Motor Function Test (WMFT) and the Motor Activity Log (MAL), whereas
the capacity to perform bimanual tasks was measured using the Bilateral Activity Assessment Scale (BAAS). Results:
Analysis revealed significant positive effects on the MAL amount of use and quality of the movement scales, as well
as on the BAAS scores after intervention, with no differences between groups. Both groups maintained the bimanual
improvements during follow-ups (BAAS-seconds 0.1, 95% CI —10.0 to 10.0), however only the dominant group
maintained the unilateral improvements (MAL-amount of use: 1.5, 95% CI 0.7 to 2.3; MAL-quality: 1.3, 95% CI 0.5
to 2.1). Conclusions: Upper limb dominance did not interfere with the acquisition of upper limb skills after mCIMT.
However, the participants whose paretic upper limb was dominant demonstrated better abilities to maintain the unilateral
gains. The bilateral improvements were maintained, regardless of upper limb dominance.

Keywords: cerebrovascular disease; hemiparesis; upper extremity; rehabilitation; hand dominance.
Trial Registration: Australian New Zealand Clinical Trials Registry-ACTRN (ACTRN12610000698077).
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Introduction

Stroke is the leading cause of adult disabilities
worldwide'. Four out of five stroke survivors
experience acute upper limb weaknesses and between
45% and 75% of the patients continue to have limited
upper limb function six months after stroke?3.
According to Taub et al.*, many patients use their non-
paretic upper limb to perform their daily activities,
which progressively decrease the amount and quality
ofuse of the paretic upper limb. This learned non-use
phenomenon is responsible for increased weaknesses,
decreased abilities of the paretic upper limb in
performing unimanual and bimanual activities,
and restricted social participation®®. Therefore,
the treatment of such residual deficits is critically

important for the stroke population and Constraint-
Induced Movement Therapy (CIMT) has emerged
as a promising intervention to improve upper limb
function after stroke!'*!!.

Originally, the therapy was delivered for six hours
aday over two weeks, but current evidence suggested
modifications to the protocol to improve the efficacy
and efficiency of the intervention regarding the
patients’ needs and preferences*!!. Nowadays, CIMT
is clearly described as a behavioral intervention,
which allows patients to actively explore new
possibilities of actions and should be composed
of three pillars: (i) intensive and repetitive task-
oriented training of the paretic upper limb, following
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the principles of difficulty in the progression and
involvement of functional training, carried out by
shaping and task practices; (ii) the transfer package,
which includes a set of behavioral methods to transfer
the gains of supervised training to the individuals’
real world; and (iii) the restriction of the non-paretic
upper limb during 90% of awake hours, during the
training days'>'>.

Most of the studies that investigated the effects of
CIMT have demonstrated significant gains in upper
limb function, as well as increases in the paretic upper
limb use during daily activities'"'*!>, Some of these
studies also reported the long-term effects of the
CIMT, suggesting that the benefits were maintained
up to two years'*'6. A large randomized clinical
trial with 222 participants found that, from baseline
to 12 months, the CIMT group showed greater
improvement regarding performance and the amount
and quality of use of the paretic upper limb, compared
with controls'. Although the short- and long-term
benefits of CIMT have already been described, it is
well known that most individuals have one upper limb
which performs daily skills more proficiently'”'®.
Thus, it is possible that upper limb dominance prior
to stroke may interfere with the acquisition and the
maintenance of upper limb skills, due to the specific
brain activation patterns or the amount of upper limb
use during daily activities.

The immediate influences of upper limb dominance
after CIMT were examined only in one study with
nine individuals after stroke and no significant
differences were found between the participants who
had their paretic upper limb as dominant, compared
to those who had the non-paretic upper limb as
dominant!’. However, improvements associated
with the intervention were observed for both groups.
These results suggested that dominance may not
interfere with the acquisition of upper limb skills
after an intensive unimanual intervention approach,
but provided no information regarding the influences
of upper limb dominance on the maintenance of the
acquired skills.

Thus, the aim of the present study was to compare
the immediate effects and the maintenance of the
effects after a home-based modified CIMT (mCMIT)
on measures of upper limb capacity and performance
ofindividuals with chronic stroke, taking into account
their previous upper limb dominance, to better
comprehend the influences of upper limb dominance
associated with this therapy.

® 436 Braz] Phys Ther. 2014 Sept-Oct; 18(5):435-444

Method
Design

This study followed the design previously
described regarding the protocol of a randomized
clinical trial' (Figure 1). The study was registered
and allocated by the Australian New Zealand Clinical
Trials Registry-ACTRN (ACTRN12610000698077)
and obtained ethical approval from the Human
Research Ethical Committee (#0408-0-203-000—09)
of Universidade Federal de Minas Gerais (UFMG),
Belo Horizonte, Brazil. All participants signed an
informed consent form.

Data from 22 participants who had completed
the two-week intervention of home-based mCIMT
with and without trunk restraint were analyzed to
investigate the influences of hand dominance on the
acquisition and maintenance of the improvements.
Since no differences were found between the groups
(with and without trunk restraint), the present study
included all subjects and took into account only
the hand dominance prior to stroke. For analyses,
the participants were separated into two groups:
Dominant, for subjects whose paretic upper limb was
dominant before the stroke, and non-dominant, for
subjects whose paretic upper limb was non-dominant
before the stroke. Hand dominance was reported
by the individuals when asked which hand they
used to write a sentence. The severity of the motor
impairments was determined based upon the upper
limb items of the Brazilian version of the Fugl-Meyer
scale, with mild scores ranging from 51 to 66, and
moderate ones, from 26 to 50,

Participants

Chronic stroke survivors were recruited from the
general community of the city of Belo Horizonte,
Brazil, and were considered eligible if they met the
inclusion and exclusion criteria established according
to the protocol of this randomized clinical trial'.

Intervention

All participants received individual home-based
mCIMT with or without trunk restraints from well-
trained physical therapists, five times per week, three
hours daily over two weeks. They were encouraged
to use a glove to restrict their non-paretic wrist and
fingers for 90% of the time that they were awake
during the two-week period. A diary was provided to
all participants to record the amount of time they wore
the glove. Three-hour sessions of mCIMT included
30 minutes of the transfer package exposure and



Hand dominance influences mCIMT benefits

Individuals with stroke screened
(n=316) Excluded (n=294)
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Upper limb performance in unimanual
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l

Completed trial
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Mudified constraint-induced
movement therapy
{n=11; 3 dominant, 8 non-dominant)

Completed trial
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Completed 1-month
follow-up
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Completed 1-month
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!

Completed 3-month

3- month follow-up assessments

follow-up X : . follow-up
(n=T; 3 dominant, 4 Upper limb per_fonnance in unimanual and {n=¥; 2 dominant, &
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non-dominant) non-dominant)

Completed 3-month

Figure 1. Flow of participants through the trial.

applications of the items of the Motor Activity Log
(MAL)*2 followed by two hours and 30 minutes
of four shaping tasks, and one complete practice
task. Task difficulty was individually adjusted to
be sufficiently challenging, as determined by the
physical therapist, and shaping techniques were
incorporated, with increasing task difficulty over
successive sessions. Blood pressure measures were
obtained before and after the interventions, and heart
rates were continuously monitored by a heart rate
monitor (Polar, modelo S 610i)>'2,

Primary outcome measures

The primary outcome measures included upper
limb performance, as determined by the MAL*?!,
and upper limb capacity, as measured by the Wolf
Motor Function Test (WMFT)?%,

The MAL was developed to evaluate the effects
of CIMT. This scale, adapted to the Portuguese-
Brazilian language, contains 30 items related to
routine daily activities undertaken with the paretic
upper limb. The individuals were asked about the
amount of use (AOU) and the quality of movement
(QOM) with their paretic upper limb during their
daily activities. The MAL total scores were obtained
by the sum of the answers divided by the number of
the assessed items, which ranged from five to zero.
Higher scores are indicative of better performance of
the paretic upper limb?*2.,

Out of the 17 WMFT tasks, 15 were timed, and
the maximum time allowed for the completion of
each task was 120 seconds, which was qualified
in accordance with these scores. The test was
always initiated with the examiner explaining and
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demonstrating the execution of all of the tasks at
both the slow and fast speeds. The evaluations
were videotaped, so that the functional ability, or
the qualitative scores, was also analyzed after the
completion of the evaluations. All subjects were
allowed to perform the tasks with their non-paretic
upper limb first for familiarization purposes?%,

Secondary outcome measures

Secondary outcomes included the speed and
the quality of the paretic upper limb use during
bimanual tasks, as determined by the Bilateral
Activity Assessment Scale (BAAS) scores. The
BAAS was developed to evaluate the interactions
between the paretic and non-paretic upper limb
during the performance of 13 bimanual activities. All
activities were timed and the maximum time allowed
for the completion of each task was 120 seconds.
The evaluations were also videotaped, so that the
functional ability scores or the qualitative scores were
also analyzed after the completion of the evaluations.
The test was always initiated with the examiner
explaining and demonstrating the execution of all of
the tasks, but no information regarding the speed of
execution was provided®*?. The evaluations of the
subjects’ performances were carried out by a physical
therapist, who was blinded the group and the time of
the evaluations.

Data analysis

Database management and statistical analyses
were performed by an independent researcher, who
was blinded to the group allocations. All measures
were analyzed with intention-to-treat analyses, and
descriptive statistics were calculated for all outcome
measures. Analyses of covariance (ANCOVA), which
controlled for the baseline characteristics, were
employed to analyze the effects of the intervention.
The results were reported as means and standard
deviations or means and 95% confidence intervals
(CI). Repeated-measures ANOVA, followed by pre-
planned contrasts, were used to verify the main and
interaction effects within and between groups for the
four time points. To better understand the influences
of upper limb dominance on the acquisition and
maintenance of the improvements, the differences
between the groups were provided as means and
95% CI. This type of analysis was chosen because,
while the null hypothesis significance tests use
probability levels (e.g. p<0.5), effect size analyses
focus on the magnitude of the differences between the
groups and the probability of an effect to report and
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interpret the results. This type of description assists in
determining the clinical interpretation and importance
of the observed differences, as well as the statistical
significance of the findings**?’. All analyses were
performed with SPSS, version 17.0 for Windows.

Results

Participants

Twenty-two individuals with chronic unilateral
stroke, who had a mean time since the onset of stroke
of 81+49 months participated. All participants were
right-hand dominant prior to stroke. Eight subjects
had left hemispheric stroke (mean age of 58+11
years; mean time since stroke of 89+35 months; and
mean Fugl-Meyer UL scores of 50+6). Fourteen
participants had right hemispheric stroke (mean
age of 59+7 years; mean time since stroke of 7656
months; and mean Fugl-Meyer UL scores of 46+9).
The participants’ characteristics are described in
Table 1.

Immediate effects of the intervention

As shown in Table 2, significant gains after the
home-based mCIMT were observed for both groups
regarding their MAL, AOU, and QOM scores, and
the time required to perform bimanual tasks. There
were no differences between the groups immediately
after the intervention, suggesting that upper limb
dominance did not interfere with the acquisition of the
upper limb skills. Although both groups improved the
mean time to perform unilateral tasks, as determined
by the WMFT scores, changes were significant
only for the non-dominant group. No significant
gains were observed regarding the QOM for either
unimanual or bimanual tasks, indicating that the
interventions were neither beneficial nor detrimental
regarding the movement patterns (Table 2).

Maintenance of the effects of the
intervention

The follow-up comparisons between the groups
demonstrated that, although similar improvements
were observed for both groups immediately after the
intervention, only the participants of the dominant
group were able to retain the achieved gains regarding
the MAL scores. The time required to perform
unimanual or bimanual tasks did not differ between
the groups with the follow-up measurements and
the bimanual gains were maintained for both groups
(Table 3).
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Table 1. Baseline characteristics of the participants and comparison between the groups (statistical tests and p values).

Comparison between
groups

Characteristics Groups

Statistical tests, p

Dominant (n=8) Non-dominant (n=14)

values
Age (years), mean (SD) 58 (11) 59(7) =1.22; p=0.75
Gender, n men (%) 4 (50) 7 (50) X=0.0; p=1.0
Dominant side, n Right (%) 8 (100) 14 (100) X?=0.01; p=0.99
Time since the stroke (months), mean 89.0 (35.0) 76.0 (56.0) t=1.84; p=0.54
(SD)
Cognition (MMSE 0-30), mean (SD) 26 (3.5) 25(3.5) U=0.52; p=0.61
Motor impairments (Fugl-Meyer upper 50 (6) 46 (9) U=1.3; p=0.19
limb scores: 0-66), mean (SD)
Mean upper limb muscle strength (Nm), 48.6 (26.7) 52.0(23.2) =0.05; p=0.54
paretic side, mean (SD)
Mean upper limb muscle strength (Nm), 68.7 (42.0) 69.9 (27.0) =4.31; p=0.93
non-paretic, mean (SD)
Elbow muscle tone (Modified Ashworth X?=4.61; p=0.33
scores: 0-4, n (%)
0 3(37.5) 2 (14.3)
1 2 (25.0) 1(7.1)
1+ 1(12.5) 1(7.1)
2 1(12.5) 6(42.9)
3 1(12.5) 4 (28.6)
Wrist muscle tone (Modified Ashworth X?=1.76; p=0.1
scores: 0-4, n (%)
0 7 (87.5) 4 (28.6)
1 0 2 (14.3)
1+ 1(12.5) 3(21.4)
2 0 2 (14.3)
3 0 3(21.4)

MMSE = Mini-mental state examination; ¢ =Student t-test for independent samples; X? = Chi-square; U= Mann-Whitney U.

Discussion

This was the first study to investigate the influence
of upper limb dominance prior to stroke on the
acquisition and maintenance of upper limb skills
after an intensive unimanual intervention approach.
This modality of intervention was chosen due to its
characteristics (intensive, repetitive, and progressive
practice) and proven efficacy (short- and long-term
effects). Although a previous study with a small

sample'” suggested that upper limb dominance did
not interfere with the acquisition of upper limb
skills, no information regarding the long-term
effects was provided. The results of the present study
corroborated other findings and demonstrated that the
referred improvements in the AOU and QOM of the
paretic upper limb during unimanual tasks, as well
as in the time to perform bimanual tasks observed
immediately after the mCIMT occurred, regardless
of upper limb dominance. However, the follow-up

Braz ] Phys Ther. 2014 Sept-Oct; 18(5):435-444 439 @



Lima RCM, Nascimento LR, Michaelsen SM, Polese JC, Pereira ND, Teixeira-Salmela LF

Table 2. Means (SD) of the outcome measures at baseline and post-training, means (95% CI) of the within- and between-group differences,

and ANCOVA statistics.
Groups
Outcome Week 0 Week 2
Dominant (n=8) Non-dominant (n=14) Dominant (n=8) Non-dominant (n=14)
MAL, amount of use 1.5 (0.7) 0.7 (0.4) 3.5(0.7) 2.5(0.8)
(0-5)
MAL, quality of 1.6 (0.9) 0.6 (0.5) 3.0(0.8) 2.4 (0.7)
movement (0-5)
WMFT (seconds) 16.8 (20.0) 15.8 (11.5) 11.2 (11.9) 11.7 (9.9)
WMFT, quality of 3.1(0.5) 2.6 (0.6) 3.2(0.4) 2.8(0.7)
movement (0-5)
BAAS (seconds) 38.3 (12.9) 38.1(12.1) 33.8(13.0) 32.1(11.4)
BAAS, quality of 40.0 (10.0) 28.7 (12.5) 41.1 (9.9) 31.3(12.4)

movement (0-65)

Difference within groups

Outcome
Dominant
MAL, amount of use
(0-5)
MAL, quality of
movement (0-5)

WMET (seconds)

WMEFT, quality of
movement (0-5)

BAAS (seconds)

BAAS, quality of
movement (0-65)

2.0 (1.4 t02.6)

1.4 (0.7 t0 2.2)

-5.6 (-15.0 10 3.9)
0.1 (-0.2 t0 0.5)

4.5 (-6.310-2.7)
1.1 (-24t04.7)

Week 2 minus Week 0

Non-dominant

1.8 (1.3 t02.2)

1.8 (1.3 t0 2.2)

4.0 (-7410-0.7)
0.2 (-0.1 to 0.4)

6.0 (-9.5 to-2.4)
2.6 (-0.1t05.3)

Difference between groups

Week 2 minus Week Week 2
0 measurements
Dominant minus F:
non-dominant 5P

0.6 (0.2 to 1.5) F=2.2; p=0.1
0.3(-0.5t0 1.1) F=0.6; p=0.5
-1.1(-6.4t04.1) F=0.2; p=0.6
0.02 (0.4 t0 0.4) F=0.1; p=0.9
—1.4 (6.2 t0 3.4) F=0.4; p=0.5
0.5(-4.2t05.2) F=0.1; p=0.8

MAL = Motor Activity Log; WMFT = Wolf Motor Function Test; BAAS = Bilateral Activity Assessment Scale.

measures indicated that only the participants of the
dominant group were able to retain the gains in their
unimanual abilities, while both groups maintained
their bimanual improvements. These results
suggested that upper limb dominance influenced the
maintenance of unilateral improvements, but did not
affect the maintenance of the gains in bimanual skills.

The influence of the dominance of the upper
limb in carrying out bimanual functional activities
was previously evaluated with stroke individuals.
McCombe Waller and Whitall?® conducted a training,
based upon bimanual activities with 22 individuals,
11 were paretic-side dominant and 11 were paretic-
side non-dominant. They demonstrated significant
training effects for the dominant group?. In the
present study, the training was specific to the paretic
side, regardless of whether it was the dominant
one, therefore the dominant and the non-dominant
UL received the same training intensity and similar
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performances were expected for both groups
immediately after the intervention. Another issue is
that CIMT involves the individuals’ commitment as
an integral part of the transfer package, because it is
an important behavioral therapy imprint'®. Thus, it
was expected that all participants, regardless of upper
limb dominance, would demonstrate similar gains,
as was found in this study.

The maintenance of gains appeared to suffer the
direct influences of upper limb dominance. This could
be explained by the interactions of the individuals in
their environment, guided by intrinsic and extrinsic
characteristics?3!. Individuals who had past
experiences of preferred use of one of the upper limbs
prior to the stroke, as was the case of the dominant
group, would tend to return to their preferred patterns
after the cessation of the intervention. Then the
individuals whose paretic side was the dominant
side before the stroke would have a greater tendency
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to maintain gains in unilateral activities, as was
evidenced by the maintenance of the MAL scores
during the follow-ups only for the dominant group.
On the other hand, individuals whose paretic side
was the non-dominant side would tend to go back to
using their preferred upper limb during unimanual
activities as before. Importantly, these results appear
to be clinically meaningful. For example, Lang et al.*
demonstrated that improvements of at least 1 point on
the MAL scores were considered patient-perceived
meaningful changes for stroke participants. This
minimal clinically important difference indicates
that the between-group differences immediately after
the mCIMT were neither statistically, nor clinically
significant. However, the observed differences
between the dominant and non-dominant groups
regarding the maintenance of the gains during the
follow-ups proved to be not only statistically, but also
clinically, meaningful. Thus, the results demonstrated
that, immediately after training, the non-dominant
group also showed improvements in upper limb skills
regarding the unimanual activities, but these gains
were lost over time.

Although some unilateral gains were lost after
the interventions for the non-dominant group, the
findings of the present study demonstrated that both
groups showed significant improvements in their
abilities to execute bimanual tasks immediately after
the intervention and that these within-groups gains
remained after the cessation of the intervention. These
results indicated that intensive unilateral training
promoted bimanual ability improvements. Possibly,
the achieved gains associated with the intervention
were incorporated during the performance of bilateral
activities as indicated by the improvements in the
time to execute activities measured by the BAAS.
The results suggested that the paretic upper limb has
the potential to be used after unilateral intervention to
help the non-paretic upper limb to execute bilateral
activities faster. In addition, the present findings
suggested that individuals, regardless of their
upper limb dominance, managed to incorporate the
immediate gains when performing bimanual activities
in their daily routines. These results suggest that
performance and capacity for carrying out bimanual
tasks are important parameters to measure the real
effects of any therapy aimed at improving upper limb
activity after stroke.

The participants of the non-dominant group lost
their abilities to perform unimanual tasks after the
end of the intervention, but their abilities to perform
bimanual tasks were maintained. Since during
bimanual tasks they kept the same AOU of their
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paretic upper limb, this adaptation was integrated
into their daily routines, possibly becoming a
permanent change. Regarding the maintenance
of unimanual gains for the non-dominant group,
strategies to monitor losses and avoid the return of
the learned disuse phenomenon would be required.
These strategies could include periodic revaluations,
home guidelines or even more specific interventions,
depending upon each case.

Significant gains in unimanual tasks after training,
as evaluated by the WMFT, were found only for the
non-dominant group. This could be explained by
the small sample size. Considering that the WMFT
baseline scores for the dominant group were higher
than those of the non-dominant, the sample size
may have been insufficient to detect significant
changes. For the dominant group, there was a power
of 0.12 with an effect size of 0.32, whereas for the
non-dominant group, there was a power of 0.26
with a similar effect size of 0.38. Although previous
studies demonstrated the immediate positive effects
of the CMIT on the paretic upper limb’s unimanual
capacity***, variations regarding training duration
and participants’ characteristics may also have
influenced these different results. The effects of
dominance on unimanual capacity after mCIMT
should be better investigated in future studies.

Study limitations

There are some limitations of the present study.
Since the size of the two groups differed and the
values obtained at baseline, mainly for both MAL
scores, were also heterogeneous, the generalization
of the present findings should be taken with caution.
Although there were between-group differences at
the baseline MAL scores, the groups were similar
regarding the Fugl-Meyer motor assessment scores
and the muscle strength. For the confirmation of
these results, studies with larger samples, more
homogeneous groups with specific criteria are
necessary regarding the interference of upper limb
dominance.

There was no stratification of the participants
regarding hand dominance prior to stroke, which
could have interfered with the acquisition of the gains.
However, since both groups equally improved after
intervention, we believe that the participants were
similar regarding hand dominance prior to stroke or
that possible differences did not influence the results
of the present study. Further studies are recommended
to examine the influence of hand dominance prior to
stroke on the acquisition and maintenance of upper
limb skills.



Conclusions

Hand dominance did not interfere with the
acquisition of upper limb skills, but influenced
the maintenance of the gains observed after the
application of the mCIMT for individuals with
chronic stroke. The participants, whose paretic upper
limb was the dominant, reported improved ability
in maintaining unimanual gains. The bimanual
improvements were maintained for both groups
regardless the upper limb dominance previous to
stroke.
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Influence of dual task and frailty on gait parameters of
older community-dwelling individuals

Rita C. Guedes?, Rosangela C. Dias?, Leani S. M. Pereira?, Silvia L. A.
Silva?, Lygia P. Lustosal, Jodo M. D. Dias?

ABSTRACT | Background: Gait parameters such as gait speed (GS) are important indicators of functional capacity.
Frailty Syndrome is closely related to GS and is also capable of predicting adverse outcomes. The cognitive demand
of gait control is usually explored with dual-task (DT) methodology. Objective: To investigate the effect of DT and
frailty on the spatio-temporal parameters of gait in older people and identify which variables relate to GS. Method: The
presence of frailty was verified by Fried’s Frailty Criteria. Cognitive function was evaluated with the Mini-Mental State
Exam (MMSE) and gait parameters were analyzed through the GAITRIite® system in the single-task and DT conditions.
The Kolmogorov-Smirnov, ANOVA, and Pearson’s Correlation tests were administered. Results: The participants
were assigned to the groups frail (FG), pre-frail (PFG), and non-frail (NFG). During the DT, the three groups showed a
decrease in GS, cadence, and stride length and an increase in stride time (p<0.001). The reduction in the GS of the FG
during the DT showed a positive correlation with the MMSE scores (r=730; p=0.001) and with grip strength (r=681;
p=0.001). Conclusions: Gait parameters are more affected by the DT, especially in the frail older subjects. The reduction
in GS in the FG is associated with lower grip strength and lower scores in the MMSE. The GS was able to discriminate
the older adults in the three levels of frailty, being an important measure of the functional capacity in this population.
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Introduction

Walking is a complex functional activity influenced
by several factors such as the subject’s health status,
motor control, musculoskeletal condition, sensory
and perceptual function, level of habitual activity,
as well as their environmental characteristics'. Gait
parameters are important indicators of functional
capacity??, with especial emphasis on gait speed
(GS), as it is considered a reliable, valid, sensitive,
and specific measure*, besides being simple, quick,
and easily administered, both in outpatient and
domiciliary environments®. GS can be used as an
indicator of physiological reserve and it is able to
predict falls, frailty, institutionalization, and death
among elderly individuals®®. Its predictive capacity
is due to the integration of multiple domains such
as the natural ageing process, physical capacity,
and the subject’s nutritional and emotional status®°.
According to Studenski et al.2, GS can be considered
the sixth vital sign, because it reflects hidden

pathological problems and predicts important future
events?. The capacity to develop an independent, safe,
and fast gait is crucial to good functional performance
in human beings'°.

Locomotion or gait requires adaptive skills to
meet individual and environmental demands and
often involves the simultaneous performance of
cognitive tasks associated with gait, such as recalling
a shopping list or having a conversation'!. Thus, gait
is a task that requires attention'*'%. The cognitive
demand of gait control can be explored with the
dual-task (DT) methodology, where performance
changes in either or both of the concurrent tasks
indicate the extent of their cognitive demand'®. The
hypothesis is that the two tasks interfere with each
other and compete for attention resources'>!. DT is
clinically relevant because most activities of daily
living (ADLs) require the simultaneous performance
of two or more tasks, which makes this methodology

!Programa de Pds-Graduagdo em Ciéncias da Reabilitagdo, Universidade Federal de Minas Gerais (UFMG), Belo Horizonte, MG, Brazil
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representative of actual daily situations. Moreover, it
constitutes a simple, non-invasive method that does
not require specific equipment for its use in clinical
practice'’. For example, a spontaneous narrative
is a complex cognitive task: to answer a question,
a person must retrieve information from memory,
identify the words to encode these meanings, compute
the proper grammatical forms, and translate them
into motor commands to articulate words". Gait
alterations associated with the aging process have
been interpreted as a more cautious gait pattern,
adopted to increase stability and reduce the risk of
falls. However, a more conscientious pattern may
require higher cognitive control and result in the need
for higher attention to locomotion, making the elderly
gait more sensitive to DT'®. The risk of falls increases
as the number of predisposing factors grows'.
Among these factors, frailty is the most relevant®.

Frailty Syndrome (FS) is closely related to GS
and is also capable of predicting adverse outcomes
such as disability, hospitalization, institutionalization,
falls, and death?*. In spite of the current lack of a
consensus on its definition, it has been stated that
it is a clinical syndrome of multifactorial nature,
characterized by a state of physiological vulnerability
resulting from the reduction in energy reserves and in
the ability to maintain or restore homeostasis to cope
with stressors?. Fried et al.” proposed five criteria
to identify FS, namely unintentional weight loss in
the previous year, muscle weakness, gait slowness,
low levels of physical activity, and the feeling of
exhaustion. Recent studies suggest that GS has a close
correlation with FS and with future adverse events,
therefore constituting a practical and reproducible
method of diagnosis that is able to identify the frail
elderly?*?’.

It is known that both frailty and DT lead to
changes in gait. However, it is necessary to identify
whether DT affects spatio-temporal parameters of
gait differently in older people at different levels of
frailty. The hypothesis of this study is that DT has
a prominent influence on the gait of frail elderly
subjects. A better understanding of the interaction
between DT, frailty, and gait could help researchers
and professionals to plan appropriate intervention
studies and help clinicians in the decision-making
process. In particular, this study aims to investigate
the effect of DT and frailty on the spatio-temporal
parameters of gait in older people as well as to
identify which variables relate to GS at the different
levels of frailty (cognitive function, handgrip
strength, and number of diseases).

® 446 Braz] Phys Ther. 2014 Sept-Oct; 18(5):445-452

Method

Sample

Eighty-one individuals of both genders, selected
by convenience, participated in the study. The
exclusion criteria were: surgical procedure in the
lower limbs or in the vertebral column in the last
year; reported pain in the lower limbs on the day of
the assessment or inability to walk without a walking
aid for one minute; severe balance impairment;
uncompensated neurological, cardiac or vascular
conditions; musculoskeletal diseases that could hinder
the performance of the tests; and a clinical scenario
suggestive of cognitive alterations ascertained
by the Mini-Mental State Exam (MMSE)?. The
participants signed an informed consent form
agreeing to participate. This study was approved
by the Research Ethics Committee of Universidade
Federal de Minas Gerais (UFMGQG), Belo Horizonte,
MG, Brazil (protocol no. CAAE-0700.0.203.000-11).

Instruments

The presence of frailty was verified by the five
components of Fried’s frailty criteria®: unintentional
weight loss in the last year (4.5 kg or 10% of body
weight); self-reported exhaustion (determined by the
answers “a moderate amount of the time” or “most of
the time” to one of the two statements — “I felt that
everything I did was an effort” and “I could not get
going”); diminished hand grip strength (measured
with a hand grip dynamometer - JAMAR) with
cutoff points determined by the calculation of the
20" percentile of the sample, adjusted for gender
and body mass index; gait slowness (determined
by the time spent in seconds to cover a distance of
4.6 m at a comfortable speed, also with cutoff points
defined at the 20™ percentile of the sample adjusted
for gender and height); and low level of physical
activity (determined using the Active Australia®
questionnaire with cutoff points determined by the
20" percentile of the sample for men and women).

This questionnaire is used in population surveys
to determine the weekly caloric expenditure and
contains information about frequency, intensity,
duration, and type of activity. It is a reliable
instrument that can be applied quickly and is valid for
use in community-dwelling elderly®. Elderly adults
with a positive score in 3 or more of the 5 criteria
were considered frail; those with one or two positive
items, pre-frail; and those with all negative scores
were considered non-frail.



To screen for possible cognitive deficits, the
MMSE was administered. This instrument is
comprised of seven categories, each of them designed
to assess temporal and spatial orientation, naming and
subsequent recalling of three words, attention and
calculation, language and visual constructive praxis.
The MMSE score ranges from zero to 30 points, and
the following cutoft points were considered according
to the level of education: 13 for illiterate, 18 for one
to seven years of schooling, and 26 for those with
eight or more years of schooling?,

The gait parameters were analyzed using the
GAITRite® system (MAP/CIR INK, Haverton,
PA, USA), which consists of an electronic vinyl
carpet capable of registering the plantar impression,
allowing the calculation of spatial and temporal gait
data?. The carpet is 90 cm wide by 566 cm long by
0.6 cm high and contains 18,824 embedded pressure
sensors. The system has software for data analysis and
documentation of nine temporal parameters and six
spatial parameters. The present study used the data
from GS, cadence (CAD), stride length (SL), and
stride time (STi). A number of studies have shown
the validity and reliability of its measures compared
to existing techniques, including studies in older
adults® 3,

Procedures

Initially, the participants responded to a
questionnaire with demographic and clinical data
created for this study to characterize the participants
and classify them as frail, pre-frail, and non-frail.
After that, the MMSE was administered to screen
for possible cognitive deficits. The gait analysis on
the GAITRite® system was performed at two time
points. First, the participants were asked to walk in
silence for 1 minute on the carpet, characterizing the

Influence of dual task and frailty on gait

single task (ST), then after a 5-minute interval, they
were asked to walk for 1 more minute on the carpet
while responding to the question “What was the
best moment of your life and why?”, characterizing
the DT. If the participant finished answering before
the end of the 1 minute, the researcher asked a new
question regarding the theme to keep the participant
talking for the duration of the assessment.

Statistical analysis

Descriptive analysis was done using mean and
standard deviation for continuous variables. The
Kolmogorov-Smirnov test determined the normal
distribution of data, justifying the use of parametric
tests. To evaluate differences between non-frail,
pre-frail, and frail older people in relation to age, body
mass index, handgrip strength, MMSE, number of
diseases and number of medicines, we used ANOVA
with Tukey’s post-hoc test. In the comparisons of gait
parameters (GS, CAD, SL, and STi) in ST and DT
situations, a 3x2 repeated-measures ANOVA (three
levels of frailty x two tasks) was used. Correlations
between VM, age, BMI, handgrip strength, MMSE,
number of diseases and medications were investigated
using Pearson’s test. The level of significance was set
at 5% for all the tests. The power was set at 80% to
detect differences between the variables.

Results

The participants included in the study were
assigned to the groups frail (FG), pre-frail (PFG),
and non-frail (NFG). The clinical and demographic
data (Table 1) show that the FG is composed of
participants with a higher number of diseases who
used a higher number of medications regularly, in

Table 1. Demographic and clinical characteristics of the participants (n=81).

Variables Frail Group (n=27)
Age (years) 75.48+7.08%*
Gender (female / male) =21; m=6
BMI (Kg/m2) 27.64+7.11
Height (m) 1.56+0.30
Handgrip strength (Kgf) 20.53+5.25*
MMSE (score) 22.44+4.73*
Diseases (number) 6.82+1.35%
Medicine (number) 8.41+4.17*

Pre-Frail Group (n=27) Non-frail Group (N=27)

70.11£7.30 69.6+5.45
=22; m=5 =20; m=7
27.02+5.57 26.34+4.56
1.56+0.96 1.58+0.88
25.83+6.68 27.25+7.38
27.124+2.71 27.41+1.14
2.5+1.46 2.4+1.25
3.48+2.34 2.96+2.02

BMI = body mass index. Kgf = kilogram force. MMSE = Mini-Mental State Exam. The values were described as mean and standard deviation,
except for gender. *p<0.05 for between-group comparison (one-way ANOVA, Tukey’s post hoc).
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addition to presenting lower handgrip strength and
lower scores in the MMSE.

Figures 1, 2, and 3 showed the effect of the DT in
the three groups, leading to statistically significant
reductions in GS (m/s), CAD (steps/min), and SL
(cm), respectively. Repeated-measures ANOVA
showed effects of group (F2,52=226.57, p=0.000)
and task (F1,26=447.59, p=0.000), but not of
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Figure 1. Mean and standard deviation values for gait speed in both
tasks (single and dual) for each group (frail, pre-frail, non-frail).
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Figure 2. Mean and standard deviation values for cadence in both
tasks (single and dual) for each group (frail, pre-frail, non-frail).
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interaction in GS (F2,52=3.03, p=0.057). Regarding
CAD, this test showed effects of group (F2,52=9.65,
p=0.001) and task (F1,26=40.84, p=0.000), but not
interaction (F2,52=0.60, p=0.512). Concerning SL,
this statistical test also showed effects of group
(F2,52=73.53, p=0.000) and task (F1,26=117.82,
p=0.000), but not interaction (F2,52=0.046,
p=0.955).

In the DT situation, the GS fell by 20% in the FG,
13.2% in the PFG, and 10% in the NFG compared to
the ST situation. CAD fell by 8.6% in the FG, 6.4%
in the PFG, and 5.5% in the NFG. SL fell by 8% in
the FG, 6.1% in the PFG, and 5.3% in the NFG. In
relation to STi (s), there was an increase of 15.2%
in the GF, 6.4% in the PFG, and 5% in the NFG
compared to the ST situation.

Table 2 shows that, in the ST and DT situations,
GS and SL were different in the three groups
(FG<PFG<NFGQG). It can also be observed that both
in the ST and DT situations, the FG differed to the
other groups with regards to the spatio-temporal gait
parameters.

The reduction in GS in the FG during the
performance of the DT showed a positive correlation
with the scores obtained in the MMSE (r=730;
p=0.001) and with hand grip strength (r=681;
p=0.001). Furthermore, 55.5% (n=15) of the FG and
33.3% (n=9) of the PFG participants were positive
for this item of the phenotype for frailty.
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Figure 3. Mean and standard deviation values for stride length

in both tasks (single and dual) for each group (frail, pre-frail,
non-frail).
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Table 2. Spatio-temporal parameters in the single task and dual task situations tested (n=81).

Variables Fr?:::(;;;ulj
Gait speed ST (m/s) 0.79+0.13
Cadence ST (steps/min) 105.36+13.39
Stride time ST (s) 1.18+0.14*¥
Stride length ST (m) 0.96+0.16
Gait speed DT (m/s) 0.62+0.10
Cadence DT (steps/min) 96.29+11.94
Stride time DT (s) 1.36+£0.31*¥
Stride length DT (m) 0.88+0.15

Pre-Frail Group Non-Frail Group

(=27) (n=27)
1.10+0.0% 1.28+0.07 ¥ &

112.87+7.10% 114.9046.40 ¥
1.08+0.74 1.05+0.56
1.19+0.10% 1.35+0.09 ¥ &
0.95:0.08* 1.16£0.06 ¥ &

105.70+9.10% 108.60+13.90 ¥
1.15+0.96 1.1120.05
1.120.09* 1.28+£0.09 ¥ &

ST =single task; DT = dual task. Values described as mean and standard deviation. *GF x GPF; ¥ GF x GNF; & GPF x GNF for between-group

comparison. (ANOVA with Tukey’s multiple comparisons).

Discussion

The aim of this study was to investigate the effect
of DT and frailty on the spatio-temporal parameters
of elderly individuals. The results obtained in the
present study showed that the impact of spontaneous
narrative on the spatio-temporal gait parameters
was evident. All of the participants, regardless of
their level of frailty, slowed down significantly, with
reductions in SL and CAD and increase in STi. The
frail participants were the ones with the most intense
changes.

Although gait seems to be an automatic motor
activity, evidence suggests that the act of walking
requires attention to environmental characteristics
and the recovery of postural disturbances to avoid
falls'>'*. The allocation of attention in concurrent
activities represents executive processes that are
sensitive to the aging process, which makes gait
more cautious and more influenced by the DT**. The
findings of the present study are in accordance with
the results obtained in a recent systematic review that
highlighted the reductions in GS, CAD, and SL and
the increase in STi as the most important changes
in gait found in the DT situation in older adults'®.
While approximately 55% of falls are related to
abnormal gait* and considering that performing two
simultaneous tasks is necessary for independence in
ADLs, it becomes necessary to incorporate the DT
methodology into the rehabilitation of older persons
in general, but especially of frail elderly individuals.

The choice for using the DT methodology
was based on the fact that walking and talking
simultaneously consists in a very ecological and
necessary task to ADLs and seems to require more
attention and to produce a higher interference in
the motor task!'’3¢, Considering that theoretical

framework, Al-Yahya et al.'* used the question “what
was the best vacation of your life, and why?”. In the
present study, the same methodology was used, but in
order to culturally adapt the meaning of the question,
an expert committee was formed to discuss how the
question might be modified to adjust to the Brazilian
elderly population.

Ithas been suggested that the size of the interference
of the DT on gait is influenced by self-selected GS,
with greater changes in subjects with GS<1.0 m/s*"-*
and fewer changes in those with GS>1.2 m/s¥*. The
present study also identified greater changes in the FG
(reductions in GS [20%], CAD [8.6%], and SL [8%]
and increases in STi [15.2%]) and fewer changes in
the NFG (reductions in GS [10%], CAD [5.5%], and
SL[5.3%] and increases in STi [5%]). These findings
confirm the idea that frail older people walk more
slowly and suffer greater influence of DT compared
with non-frail older individuals.

If we consider thata GS below 0.6 m/s is associated
with dependence in basic and instrumental ADLs and
gait limited to the home environment', we can infer
that the FG is significantly limited in the performance
of motor tasks associated with spontaneous speaking,
since this group showed GS=0.60 m/s in the DT
situation. In comparison, the GS necessary to safely
cross the street at a traffic signal must be equal to or
greater than 1.2 m/s'36**. The PFG and NFG also had
values below this in the DT situation. Considering
that walking and talking simultaneously consists in
an extremely functional and common action in ADLs,
all of the participants would probably have difficulty
crossing a street, being therefore at greater risk of
accidents and dependence in outdoor mobility.

Epidemiological studies and clinical trials
show that gait and cognition are inter-related. Gait
changes are associated with falls, dementia, and
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disability'>'3, and gait speed reduction can start
up to 12 years before the clinical presentation of
cognitive impairment'®>. Moreover, changes in
attention, memory, and executive function are related
to gait slowness and help to predict loss of mobility,
falls, and progression of cognitive decline'?. There
is robust evidence to suggest a strong correlation
between cognitive level measured by the MMSE
and GS, and this relationship becomes more evident
when the task is more challenging or when the gait
pattern is already impaired!>!3#*42, In the current
study, this association was identified only in the
FG, reinforcing the hypothesis that lower scores
in the MMSE can reduce the allocation sources for
attention, compromising gait.

Considering that GS is the product of CAD and
SL*, one can observe that frail, pre-frail, and non-frail
older adults use the same gait adaptation strategies
in the DT situation; thus, they reduce CAD and SL,
with a consequent reduction in GS. The FG was the
group that showed a more accentuated reduction
in GS during the DT, and this reduction showed a
strong positive correlation with handgrip strength.
It is known that this measure is able to represent
global strength, and that lower values are related to
sarcopenia*. The lower muscle strength of the FG
may have played a significant role in GS reduction,
impairing gait propulsion and consequently reducing
SL.

During the last years, GS has been reported as an
efficient measure to identify older adults at higher
risk of adverse events, as it is an easy, simple, and
low-cost measurement that can be used both in
clinical settings and research®. In the present study,
GS was able to differentiate the three groups, both
in the ST and DT situations. The participants from
the FG showed lower GS and more chronic diseases,
used a greater number of medications, had lower
handgrip strength, and showed lower cognitive
ability. Similarly to Rothman et al., more than half
of the GF and a third of the PFG participants scored
positively on the GS item of the frailty criteria®.
These findings allow us to deduce that GS plays an
important role in the Frailty Syndrome classification
and, additionally, might provide information about
the general health status of older individuals, being
thus an important vital sign measure for functional
capacity in this population.

Despite the statistically significant negative
correlation found between GS and MMSE scores
due to the exclusion criteria of the study, it was not
feasible to analyze this correlation for individuals
with cognitive deficits ascertained by the MMSE
scores. Thus, future research must address this issue.
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Conclusion

The results have shown that the gait of frail older
adults is more affected by the dual task, showing
a greater reduction in speed, cadence, and stride
length and increase in stride time compared to pre-
frail and non-frail older adults. The reduction in gait
speed in the frail elderly is associated with lower
hand grip strength and lower scores in the MMSE.
Moreover, gait speed was able to discriminate the
older subjects, stratifying them into the three levels
of the frailty syndrome, thus being an important
measure of functional capacity in this population.
Considering the importance of DT in the ADLs of
older individuals, this methodology should be part of
a comprehensive functional assessment and physical
therapy approach designed for these individuals,
particularly those who are frail with lower MMSE
scores and handgrip impairment.
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Versao brasileira do STarT Back Screening Tool - tradugao,
adaptacao transcultural e confiabilidade
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ABSTRACT | Background: Psychosocial factors are not routinely identified in physical therapy assessments, although
they can influence the prognosis of patients with low back pain. The “STarT Back Screening Tool” (SBST) questionnaire
aids in screening such patients for poor prognosis in the primary care setting and classifies them as high, medium, or
low risk based on physical and psychosocial factors. Objectives: This study sought to translate and cross-culturally
adapt the SBST to the Brazilian Portuguese language and test the reliability of the Brazilian version. Method: The
first stage of the study consisted of the translation, synthesis, and back-translation of the original version of the STSB,
including revision by the Translation Group, pretest of the translated version, and assessment by an expert panel. The
pre-final Brazilian version was applied to 2 samples comprising 52 patients with low back pain; these patients were
of both genders and older than 18 years of age. To assess the instrument’s reliability, an additional sample comprising
50 patients was subjected to 2 interviews, and the results were assessed using the quadratic weighted kappa value. The
instrument’s internal consistency was assessed using Cronbach’s alpha (n=105), and the standard error of measurement
was also calculated (n=50). Results: Translation and back-translation attained consensus, and only item 6 required
changes; the reformulated version was applied to an additional sample comprising 52 individuals who did not report any
doubts related to this item. The reliability of the SBST-Brazil was 0.79 (95% confidence interval: 0.63-0.95), the internal
consistency was 0.74 for the total score and 0.72 for the psychosocial subscale, and the standard error of measurement
was 1.9%. Conclusion: The translated and cross-culturally adapted SBST-Brazil proved to be reliable for screening
patients according to their risk of poor prognosis and the presence of psychosocial factors.

Keywords: low back pain; questionnaire; STarT Back Screening Tool; rehabilitation; reliability.
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RESUMO | Contextualizacio: Fatores psicossociais ndo sdo rotineiramente identificados na avaliagdo fisioterapéutica
¢ podem influenciar o prognéstico de pacientes com dor lombar. O questionario “STarT Back Screening Tool” (SBST)
auxilia na triagem desses pacientes em relagdo ao risco de mau prognostico no tratamento primario, considerando fatores
fisicos e psicossociais, classificando-os em de baixo, médio e alto risco. Objetivos: Traduzir e adaptar transculturalmente
0 SBST para Lingua Portuguesa do Brasil e testar a sua confiabilidade. Método: A primeira etapa consistiu na tradugao,
sintese, retro-tradugdo, revisdo pelo grupo de tradugdo, pré-teste e avaliagdo dos documentos pelo Comité. A versao
pré-final foi aplicada em duas amostras de 52 pacientes cada, com dor lombar, de ambos os sexos ¢ idade acima de
18 anos. Para verificagdo da confiabilidade intra-avaliador, foram realizadas duas entrevistas em outra amostra de
50 pacientes, e os resultados, analisados pelo Kappa ponderado quadratico. Também foram calculados a consisténcia
interna, por meio do Alfa de Cronbach (n=105), e o erro padréo de medida (n=50). Resultados: O consenso foi atingido
na tradugdo e retrotraducdo, e apenas o item 6 foi reformulado e reaplicado em outros 52 pacientes, os quais ndo tiveram
duvida. A confiabilidade foi de 0,79 (95% IC 0,63-0,95), a consisténcia interna para pontuagao total foi de 0,74 e, para
a subescala psicossocial, de 0,72, ¢ o erro de padrdo da medida foi de 1,9%. Conclusido: O SBST-Brasil traduzido ¢
adaptado culturalmente mostrou-se confidvel para triar pacientes em relag@o ao risco de mau prognodstico de tratamento,
levando em consideragao fatores psicossociais.
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Introducao

A dor lombar esta entre os maiores problemas
de satide do mundo, predominando em mulheres
e pacientes entre 40-80 anos. Cerca de 11,9% dos
pacientes relatam limitag&o por causa da dor lombar
por mais de um dia e 23,2%, por mais de um més!. A
maioria dos pacientes com dor lombar aguda (90%)
se recupera em seis semanas, porém de 2 a 7% dos
pacientes permanecem sintomaticos e desenvolvem
dor cronica, responsavel por 75-85% de absenteismo
no trabalho®. Além disso, 53% dos pacientes com
dor lombar cronica em uma populacdo especifica
apresentaram distrbios psicoldgicos relevantes?.

A dor tem impactos emocionais e comportamentais
que favorecem o desenvolvimento de condigdes
cronicas*®, e evidéncias mostram que fatores
psicossociais, como a percepgao do paciente sobre a
resolugdo dos sintomas de dor lombar, a relagdo dele
com outras doengas, a dificuldade de enfrentamento
da doenga, a falta de confianga em si proprio, a
catastrofizacao e sintomas depressivos sao preditores
de disfung@o e interferem no progndstico da dor
lombar™2, Identificar, no tratamento primario, aqueles
pacientes que apresentam fatores psicossociais que
possam influenciar o progndstico*”!3 auxilia em um
tratamento mais especifico e possibilita ao paciente
entender melhor as consequéncias dos sinais e
sintomas da dor lombar"®.

Apesar disso, a influéncia dos fatores psicossociais
ndo é completamente entendida e € insuficientemente
considerada para auxiliar no tratamento, por isso a
sua identifica¢do na pratica clinica permanece ainda
como um desafio®®.

Portanto, a aplicagdo de um questionario que
avalie fatores psicossociais e classifique pacientes
com dor lombar auxilia na tomada de decisdo durante
o tratamento.

Hill et al.® recentemente criaram um questionario
denominado STarT (Subgroups Target Treatment)
Back Screening Tool (SBST). Trata-se de um
questionario desenvolvido na Lingua Inglesa, que
classifica o risco de mau progndstico de pacientes
com dor lombar e/ou lombociatalgia na presenga
de fatores fisicos e psicossociais. O SBST tem sido
indicado como preditor de disfungdes futuras para
pacientes com dor lombar no tratamento primario
e tem mostrado confiabilidade teste- reteste e
consisténcia interna aceitaveis'.

Varios estudos tém testado a efetividade do
questionario SBST!1315-17 ¢ Hill et al.'® verificaram
que os pacientes classificados e tratados de acordo com
0 SBST tiveram melhores resultados no questionario
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de fungdo Rolland Morris e, consequentemente,
melhora na qualidade de vida, diminui¢do do uso de
servigos de saude e redu¢ao dos dias de afastamento
do trabalho em relagdo a um grupo controle, ndo
classificado da mesma forma.

Atualmente, ha escassez de questionarios que
avaliem o risco de mau prognostico de dor lombar
em relacdo a fatores fisicos e psicossociais no
Brasil. Dessa forma, os objetivos do trabalho foram
traduzir e adaptar transculturalmente o questionario
SBST para a Lingua Portuguesa do Brasil e analisar
as propriedades psicométricas de confiabilidade
por meio da confiabilidade intra-avaliador, da
consisténcia interna e do erro padrdo da medida, a
fim de disponibilizar uma ferramenta confiavel para a
triagem de pacientes com dor lombar, possibilitando
a fisioterapia ter uma abordagem diferenciada e com
melhores condigdes para tomada de decisdo clinica,
no ambito clinico ou de pesquisas.

Método

Descricao do questionario SBST

O questionario SBST ¢ constituido de nove itens,
quatro sdo relacionados a dor referida, disfuncdo
e comorbidades, como dor no ombro ou pescoco,
e cinco itens compdem a subescala psicossocial
(itens 5 a 9) referente a incomodo, catastrofizacao,
medo, ansiedade e depressao'>'*!>13, O SBST-Brasil
adotou as modificagdes e ordem de questdes usadas
por Fritz et al.’? e Hill et al.'8; recomendada pelos
autores originais para facilitar a classificagdo do
paciente.

Os pacientes sdo classificados como sendo de alto
risco (presenga de alto nivel de fatores psicossociais,
com ou sem a presenca de fatores fisicos), médio
risco (presenca de fatores fisicos e psicossociais,
mas em niveis mais baixos que os pacientes
classificados como de alto risco) e baixo risco de
mau prognostico (com presenca de minimos fatores
fisicos e psicossociais)'>'8,

Para pontuacdo e classificacdo do questionario,
o paciente tem as opgoes de resposta “Concordo”
e “Discordo” nos oito primeiros itens, com a
primeira op¢do valendo um ponto, e a segunda
opgao valendo zero. Ja o nono item apresenta cinco
opcdes de resposta: “Nada, Pouco, Moderada,
Muito, Extremamente”, sendo que a trés primeiras
opgdes sdo pontuadas como zero, ¢ as duas ultimas
como um ponto cada. Se a pontuacao total for entre
0-3 pontos, o paciente ¢ classificado como de baixo



risco. Para valores maiores que 3 na pontuagdo
total, considera-se entdo a pontuagdo da subescala
psicossocial, composta pelas questdes 5-9. Se a
pontuagdo dessa subescala for <3 pontos, o paciente é
classificado como de médio risco e, se for >3 pontos,
encaixa-se no grupo de alto risco'>'*!¥, O esquema de
classificaggo esta ilustrado na Figura 1.

Traducio e adaptacdo transcultural

A adaptacdo transcultural do questionario SBST
utilizou a metodologia descrita por Beaton et al.’.
A autorizagdo para esse processo foi obtida do
autor da versdo original, Dr. Jonathan Hill, da
Universidade de Keele, Inglaterra. O presente estudo
foi aprovado pelo Comité de Etica em Pesquisa da
Pontificia Universidade Catdlica de Campinas (PUC),
Campinas, SP, Brasil, sob o parecer n°150.139.

O processo de adaptagdo transcultural foi realizado
com a versdo modificada'>'®, e envolveu seis
etapas: (1) tradugdo, (2) sintese, (3) retro-tradugéo,
(4) revisdo pelo Grupo de Tradugdo, (5) pré-teste
e (6) avaliagdo dos documentos pelo Comité de
Especialistas.

Inicialmente, o questionario SBST, cuja versdo
original € na Lingua Inglesa, foi traduzido para a
Lingua Portuguesa do Brasil por dois tradutores
juramentados, independentes e bilingues (T1 e T2),
que tinham, como lingua materna, o Portugués e
fluéncia na Lingua Inglesa, sendo que apenas um
deles tinha conhecimento na area da saude. Foram
entdo criadas as versdes T1 e T2 que, no segundo
estagio de sintese, foram analisadas juntamente com
0 questionario original durante reunido dos tradutores
iniciais com os pesquisadores, dando origem a versao
T12.

Na etapa seguinte, a versdo T12 foi retrotraduzida
para a Lingua Inglesa por outros dois tradutores
bilingues (RT1 e RT2), que ndo tinham conhecimento

[ Escala geral (9 questdes) |

Pontuagio: <3 pontosl l Pontuagio: > 3 pontnsl

Pontuacéo da subescala
psicossocial (Questoes 5-9)

[ Pontuagio: < 3 pontos " Pontuacio: > 3 pontos‘

, |

|Baix0risc0| | MEédio risco | |A]t0risco|

Figura 1. Fluxo de pontuagéo do questionario SBST!2!418,

Versdo brasileira do SBST

da versdo original do questionario. A lingua materna
era o Inglés, com fluéncia na Lingua Portuguesa, pois
residiam no Brasil.

No quarto estagio, efetuou-se uma revisao de todas
as versoes (original, T1, T2, T12, RT1 e RT2) pelo
Grupo de Tradug@o, composto por um fisioterapeuta,
dois médicos ortopedistas e todos os tradutores
envolvidos no processo, o que consolidou todas as
versdes do questionario e chegou-se a versao pré-final
do questionario SBST.

No quinto estagio, foi necessario realizar dois
pré-testes da versdo pré-final do questionario com o
objetivo de eliminar qualquer item ndo compreendido
por mais de 20% da amostra®. E, no sexto estagio,
todos os relatorios foram submetidos ao Comité,
avaliados por ele, e enviados ao autor original para
aprovagao da versao final.

Os pacientes, recrutados por conveniéncia no
Instituto Wilson Mello, Campinas, SP, Brasil,
apresentavam dor lombar independente do tempo
de inicio da doenca, com ou sem irradiagdo para os
membros inferiores e idade maior que 18 anos.

Sujeitos que apresentavam patologias importantes
(ex.: compressdo da cauda equina, fratura da
coluna lombar, malignidade, alteragdes cognitivas,
neurologicas ou reumatoldgicas), gravidez, cirurgia
lombar nos ultimos seis meses € 0s que ndo sabiam
ler ou falar a Lingua Portuguesa do Brasil foram
excluidos do estudo. Todos os pacientes que aceitaram
participar dessa etapa e da confiabilidade assinaram o
termo de consentimento livre e esclarecido (TCLE)
¢ informaram dados demograficos, apresentados
na Tabela 1. O questionario foi autoaplicado e,
apos responder a versao pré-final, cada paciente foi
interrogado pelo pesquisador sobre a compreensao
de cada questdo e sugestdes de melhoria para o
questionario.

Propriedades psicométricas

Confiabilidade

Todas as propriedades do dominio de confiabilidade
foram testadas, tais como confiabilidade intra-
avaliador, consisténcia interna ¢ erro padrdo da
medida®'. A confiabilidade interavaliador ndo foi
testada por ser um questionario autoaplicavel sem
interferéncia do avaliador.

Confiabilidade intra-avaliador

A analise da confiabilidade intra-avaliador do
questionario SBST-Brasil foi realizada por duas
entrevistas em uma nova amostra composta por

Braz ] Phys Ther. 2014 Sept-Oct; 18(5):453-461

455 @



Pilz B, Vasconcelos RA, Marcondes FB, Lodovichi SS, Mello W, Grossi DB

Tabela 1. Dados demograficos dos sujeitos envolvidos no estudo em todas as etapas.

Dados demograificos Pré-teste I (n=52)

Pré-teste 11 (n=52)

Confiabilidade intra- Consisténcia interna

avaliador EPM (n=50) (n=105)
Idade (anos), média (DP) 48,87 (16,1) 50,1 (19,3) 48 (14,5) 47,8 (14,2)
Sexo, n (%)
Masculino 18 (34%) 24 (46%) 23 (46%) 55 (52%)
Feminino 34 (66%) 28 (54%) 27 (54%) 50 (48%)
IMC, média (DP) 25,35 (3,6) 26,3 (4,5)
Escolaridade, n (%)
Ensino fundamental 17 (32,6%) 16 (30,7%) 0 (0%) 26 (24,7%)
Ensino médio 33 (63,4%) 31 (59,6%) 15 (30%) 46 (43,8%)
Ensino superior 2 (4%) 5(9,7%) 35 (70%) 33 (31,5%)
EAN, média (DP) 5,6 (1,9) 5,52,2)
SBST- Brasil, média (DP) 2,64 (2,16) 4,1(2,2)
Baixo risco, n (%) 26 (52%) 53 (50%)
Médio risco, n (%) 17 (34%) 28 (26%)
Alto risco, n (%) 7 (14%) 24 (24%)

EAN: escala de avaliagdo numérica da dor; EPM: erro padrdo de medida; DP: desvio padrao; IMC: indice de massa corporea.

50 pacientes com dor lombar ndo especifica, segundo
recomendagdo do COSMIN?!, Eles foram recrutados
por conveniéncia no Servigo de Fisioterapia do
Instituto Wilson Mello, Campinas, SP, Brasil.

As duas entrevistas tiveram intervalo de dois a sete
dias, dependendo da disponibilidade do paciente. Em
todas as entrevistas, foram aplicados o questionario
SBST-Brasil e a Escala de Avaliagdo Numérica da Dor
(EAN)*. Foram considerados apenas os pacientes
estaveis, ou seja, 0s que apresentaram variagdes
iguais ou menores que 2 pontos na EAN entre as
duas entrevistas, ja que esse valor é considerado a
minima diferenca clinicamente importante (MDCI)
em pacientes com dor lombar crénica®. Os pacientes
com variagdo na EAN maior que 2 pontos ou que
ndo compareceram para a segunda entrevista foram
excluidos do estudo.

Consisténcia interna

Foi realizado um estudo piloto e aplicado o
questionario SBST-Brasil em 105 pacientes com dor
lombar para testar a consisténcia interna utilizando
o Alfa de Cronbach. Os resultados iniciais foram
abaixo do aceitavel*, 0,59 para a pontuagio total e
0,51 para a subescala psicossocial. Ao se analisarem
as caracteristicas dos primeiros 105 pacientes,
observou-se que eles apresentavam heterogeneidade
em relacdo a escolaridade (9% fundamental, 20%
ensino médio e 71% ensino superior completo) e
aos grupos de classificag@o de risco do questionario

® 456 Braz] Phys Ther. 2014 Sept-Oct; 18(5):453-461

(40% baixo risco, 43% médio risco ¢ 17% alto risco).
Portanto, uma nova amostra de pacientes (n=105) foi
avaliada para testar a consisténcia interna com maior
homogeneidade da amostra quanto a escolaridade
(24,7% fundamental, 43,8% ensino médio e 31,5%
ensino superior completo) e a classificagdo de risco
(50% baixo risco, 26% médio risco ¢ 24% alto risco).

Erro Padréo da Medida (EPM)

Para esse calculo, foi considerada a mesma
amostra da analise de confiabilidade da primeira
entrevista. Essa medida mostra apenas um erro de
medida e ndo mudangas verdadeiras no resultado do
questionario®.

Anadlise estatistica

O resultado da confiabilidade intra-avaliador foi
obtido pelo Coeficiente Kappa ponderado quadratico
acompanhado do intervalo de confianga (IC) de 95%,
e os valores de confiabilidade foram classificados,
segundo Sim e Wright®, como pobre (<0), leve
(0,01 a 0,2), fraco (0,21 a 0,40), modesto (0,41 a
0,60), moderado (0,41 a 0,60), substancial (0,61 a
0,80) e quase perfeito (0,81 a 1,0), sendo esperado
encontrar valores iguais ou maiores que 0,70 para
confiabilidade do SBST, conforme sugerido pelo
COSMIN?'. As analises foram feitas com o programa
SAS (versdo 9.2).



Os dados da consisténcia interna foram avaliados
pelo Alfa de Cronbach, e os valores aceitaveis
deveriam estar entre 0,70 ¢ 0,95%.

O EPM foi calculado pela formula:
EPM95=1,96*DP*\/(1 - Kappa,__ . ), associado
a um nivel de confianga de 95%?. O resultado foi
considerado como muito bom, se menor ou igual a
5%; bom, se entre 5,1% e 10%; questionavel, se entre
10,1% e 20%, e fraco, se acima de 20,1%?".

Resultados

As caracteristicas demograficas dos pacientes
envolvidos nas diferentes fases do estudo sdo
apresentadas na Tabela 1.

Adaptacgao transcultural

A adaptacdo transcultural inicial do questionario
SBST para a Lingua Portuguesa produziu versdes
bastante semelhantes, com pequenas diferengas entre
as tradugoes T1 e T2. A Tabela 2 demonstra como
essas diferengas foram solucionadas. Dessa forma,
foram concluidas a primeira e a segunda etapas
do processo de adaptacdo cultural, definindo-se a
versao T12.

A etapa de retrotraducdo revelou que as versdes
RT1 e RT2 eram muito semelhantes entre si e bastante

Versdo brasileira do SBST

equivalentes a versdo original do questionario SBST,
demonstrando a adequag@o da versdo T12 a obtengdo
da versao pré-final.

O primeiro pré-teste revelou a necessidade de
alteragdo apenas do sexto item do questionario:
“Tenho ficado preocupado por muito tempo”, que ndo
foi compreendido por mais de 20% dos individuos®.
Apds a revisdo do Grupo de Tradugdo e seguindo a
sugestdo do proprio autor, a adaptacao do sexto item
foi alterada para: “Tenho ficado preocupado por muito
tempo por causa da minha dor nas costas”. Depois
de alterado, o segundo pré-teste ndo apresentou
duvidas, e ficou definida a versdo brasileira final do
questionario SBST, que se encontra em Anexo 1.

Confiabilidade

A analise da confiabilidade intra-avaliador
foi considerada substancial®® para os valores de
classificagdo, com valor acima de 0,70, que é o
minimo necessario?'.

O questionario SBST-Brasil também apresentou
valores de consisténcia interna aceitaveis (0,74 para
pontuacdo total e 0,72 para subescala psicossocial)
e um EPM considerado muito bom. Tais resultados
sdo apresentados na Tabela 3.

Tabela 2. Modificagdes do processo de tradugdo do questionario SBST- Brasil.

ITEM VERSAO ORIGINAL T1

3 I have only walked short
distance.

Evito andar longas
distancias.

4 I have dressed more
slowly than usual.

5 It’s really not safe for a A atividade fisica é
person with a condition
like mine to be physically

active.

com a minha doenga.

6 Worrying thoughts have
been going through my
mind a lot of the time.

Fico preocupado
frequentemente.

Demora para eu me vestir.

perigosa para as pessoas

T2 T12

Eu somente andei curtas
distancias.

Eu evito andar longas
distancias.

Tenho me vestido mais
devagar.

Tenho me vestido mais
lentamente que o habitual.

A atividade fisica ndo ¢
realmente segura para
uma pessoa com um
problema como o meu.

Naio ¢é realmente seguro
para uma pessoa com uma
condi¢do como a minha
para ser fisicamente ativo.

Pensamentos
preocupantes t€ém
passando na minha mente.

Tenho ficado preocupado
por muito tempo.

Tabela 3. Valores encontrados para confiabilidade intra-avaliador (n=50), consisténcia interna (n=105) ¢ EPM (n=50) do questionario

SBST-Brasil.

Classificacdo Baixo/ Médio/

Alto risco (95% IC)

Confiabilidade intra-avaliador 0,79 (0,63-0,95)

(Kappa ponderado quadrado)
Consisténcia Interna

EPM (%)

Pontuacgéo da subescala

Pontuacao total . .
psicossocial

0,74 0,72
1,9

EPM: erro padrido de medida.
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Discussao

Para assegurar a aplicacdo de questionarios
estrangeiros na populacao brasileira, sdo necessarias
adaptagdes transculturais de forma sistematizada
e criteriosa para a Lingua Portuguesa do Brasil. O
processo de adaptacao transcultural dos questionarios
especificos ndo ¢ simples, visto que ndo somente a
lingua ¢ o diferencial entre os paises, mas também
as diferencas culturais devem ser consideradas para
que seja mantida a validade e a confiabilidade do
instrumento'®?*. Por isso, o processo de adaptacido
transcultural foi cuidadoso, procurando manter a
equivaléncia semantica, idiomatica e conceitual, sem
perder os conceitos originais?®. A inica questéo que
apresentou duvida foi a 6, e a modificacdo realizada
foi sugerida pelo autor da escala para atender ao
principio da formulagao da questdo; foi aprovada pelo
Comité de Especialistas e, quando reaplicada em nova
amostra, ndo apresentou mais duvidas.

O questionario SBST-Brasil é o primeiro
questionario brasileiro com o objetivo de triar
e classificar os pacientes com dor lombar em
relagdo ao risco de mau prognostico no tratamento
fisioterapéutico por influéncia de fatores psicossociais.
A versao original do SBST também foi traduzida
para outras linguas, como o Espanhol, Francés,
Dinamarqués, Arabe, Holandés, Alemao, Italiano,
Polonés, Noruegués, Mandarim, Japonés, Italiano,
Sueco, Turco, Urdu, Galés, Toruba®, porém ainda
nao existia nenhuma adaptacdo a Lingua Portuguesa
do Brasil.

A confiabilidade intra-avaliador do SBST-Brasil,
testada pelo Kappa ponderado quadratico, revelou
um resultado aceitavel de 0,79 (95% CI 0,63-0,95)
em relagdo ao resultado de classificagdo e proximo
aos valores do questionario original'®, 0,73 (95%
IC 0,57-0,84), para pontuagdo total, e 0,76 (95% IC
0,52-0,89) para subescala psicossocial.

Os dados de consisténcia interna da versao final
foram maiores que 0,70 (0,74 para pontuagao total e
0,72 para subescala psicossocial). Esses valores sdo
semelhantes aos apresentados na versdo original'
(0,79 para pontuagdo total e 0,74 para subescala
psicossocial) e também nas versdes francesa®® (0,74
para pontuagao da subescala psicossocial) e iraniana®!
(0,82 para pontuagao total e 0,79 para a subescala
psicossocial), todas recomendadas para aplicagdo
na pratica clinica e em pesquisas. Até o presente,
apenas essas duas versdes relataram a consisténcia
interna, e as amostras utilizadas nesses estudos nao
foram tdo abrangentes em diagndsticos clinicos como
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no presente trabalho. Por outro lado, nesta versao
brasileira, os valores aceitaveis foram conseguidos
em uma amostra de pacientes com variados
diagndsticos, como dor lombar cronica inespecifica,
pbs-cirurgica, com ou sem artrodese, pacientes com
espondilolistese, estenose foraminal, estenose central
degenerativa e, portanto, representativa do ambiente
clinico fisioterapéutico. Apesar da variedade de
diagnosticos, a amostra foi mais bem distribuida nos
diferentes niveis de escolaridade e de classificacao
de risco. No estudo piloto prévio, conduzido para
testar a consisténcia interna, a amostra possuia
pouca representatividade de individuos com risco
alto e com baixa escolaridade, e a consisténcia
interna resultante foi menor que 0,70 (0,59 para
pontuacao total e 0,51 para subescala psicossocial).
A melhor representatividade da amostra deu-se pela
distribuigdo mais homogénea das caracteristicas de
risco e escolaridade, o que permite, portanto, afirmar
que o SBST-Brasil pode ser utilizado com boa
consisténcia interna em diferentes quadros clinicos
da dor lombar.

Outro aspecto a ser discutido quanto aos valores
de consisténcia interna do SBST-Brasil é que ele
enfatiza a avaliacdo de aspectos psicossociais
de enfrentamento que podem ser fortemente
influenciados pelo perfil psicossocial da amostra.
Estudos futuros podem verificar se os valores de
consisténcia se mantém aceitaveis em grupos de
mesmo estrato, seja do quadro clinico, seja do
diagnostico, seja sociocultural.

O valor do EPM do SBST-Brasil foi classificado
como muito bom?” e indica que a pontuagdo real
do individuo pode variar 1,9% acima ou abaixo
da pontuagdo obtida no questionario, o que nao
demonstra mudangas reais no quadro do paciente e,
sim, apenas um erro de medida.

O dominio da confiabilidade demonstrou bons
resultados e muito similares aos da versao original,
fazendo do SBST-Brasil um questionario confiavel
para ser aplicado na populagao brasileira.

O uso dessa ferramenta resulta em diferengas
importantes no padrdo de tratamento primario de
diferentes grupos de pacientes com dor lombar!®.
Pacientes classificados como de alto risco apresentam
um prognostico desfavoravel por causa da presenga
de fatores psicossociais ¢ podem ndo ter acesso a
um tratamento especifico, que inclui abordagem
fisica e psicossocial, com principios cognitivos e
comportamentais, e, por isso, podem ndo evoluir
adequadamente. Apesar de os pacientes classificados



como de médio risco ndo terem um progndstico
tao desfavoravel quanto os pacientes de alto risco,
também precisam de tratamento de fisioterapia,
principalmente pelos sintomas fisicos. Por outro
lado, pacientes classificados como de baixo risco
tém um bom prognoéstico, beneficiando-se de
orienta¢des em relagdo aos sintomas de dor lombar
¢ habitos, ndo sendo necessario acompanhamento
fisioterapéutico frequente. Com isso, nota-se que,
com essa ferramenta, ¢ possivel ao fisioterapeuta
definir, de forma mais adequada, qual a melhor
abordagem a ser empregada no tratamento.

Ao comparar a decisdo dos clinicos e a efetividade
do questionario SBST em identificar pacientes que
precisam de uma abordagem especifica, Hill et al."”
observaram que os resultados demonstraram
concordancia ruim entre o grupo avaliado pelos
clinicos e o grupo avaliado pelo questionario. Esse
ultimo grupo teve resultados melhores que o grupo
avaliado pelos clinicos, mostrando a dificuldade
que os clinicos enfrentam em identificar pacientes
com alto risco de mau prognostico. O questionario
SBST ajuda a identificar pacientes que necessitam
de cuidados especiais, sendo um complemento
importante para a avaliagao clinica.

No entanto, o questionario apresenta limitagdes,
como a falha em identificar problemas psicossociais
em pacientes que ndo relatam sintomas de dor,
além de ndo especificar preferéncias, expectativas
e historias prévias de tratamento!’. Apesar de util
para a triagem de pacientes com dor lombar, o
monitoramento do quadro clinico deve ser feito com
outros questionarios, como o FABQ e TKS-11".

O SBST mostrou-se uma ferramenta 1til para
que a triagem inicial dos pacientes com dor lombar
melhore a abordagem terapéutica e também auxilie
na realizagdo de estudos clinicos com pacientes com
dor lombar. Além disso, a partir deste estudo, também
¢ possivel verificar outras propriedades psicométricas
desse questionario.

Conclusao

O processo de traducdo e adaptagao transcultural
do SBST para a Lingua Portuguesa do Brasil foi
realizado de forma satisfatoria, gerando a versdo
SBST-Brasil, que se mostrou confiavel para a
utilizagdo no pais, auxiliando no tratamento primario
de dor lombar ao triar pacientes em relagdo ao risco
de mau prognéstico de tratamento, levando em
consideragdo fatores psicossociais.

Versdo brasileira do SBST
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Versdo brasileira do SBST

Anexo 1. STarT Back Screening Tool- Brasil (SBST-Brasil).

Pensando nas duas ultimas semanas, assinale sua resposta para as seguintes perguntas:

Discordo (0) Concordo (1)

1. A minha dor nas costas se espalhou pelas pernas nas duas ltimas semanas. ()
2. Eu tive dor no ombro e/ou na nuca pelo menos uma vez nas tltimas duas semanas. ()
3. Eu evito andar longas distancias por causa da minha dor nas costas. ()
4. Nas duas ultimas semanas, tenho me vestido mais devagar por causa da minha dor nas costas. ()
5. A atividade fisica ndo é realmente segura para uma pessoa com um problema como o meu. ()
6. Tenho ficado preocupado por muito tempo por causa da minha dor nas costas. ()
7. Eu sinto que minha dor nas costas ¢ terrivel e que nunca vai melhorar. ()
8. Em geral, eu ndo tenho gostado de todas as coisas como eu costumava gostar. ()

)
)
)
)
)
)
)
)

9. Em geral, quanto a sua dor nas costas o incomodou nas duas ultimas semanas ( ) Nada (0) ( ) Pouco (0) ( ) Moderado (0)

() Muito(1) ( ) Extremamente(1)

Pontuagio total (9 itens):

Subescala psicossocial (5-9 itens):

Braz ] Phys Ther. 2014 Sept-Oct; 18(5):453-461

461 ®



original article . . .
b]PTBrazilian Journal of
Physical Therapy

Early and current physical activity: relationship with
intima-media thickness and metabolic variables in
adulthood
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ABSTRACT | Background: It is unclear whether early physical activity has a greater influence on intima-media thickness
and metabolic variables than current physical activity. Objective: To analyze the relationship between current and
early physical activity, metabolic variables, and intima-media thickness measures in adults. Method: The sample was
composed of 55 healthy subjects of both sexes (33 men and 22 women). Total body fat and trunk fat were estimated by
dual-energy X-ray absorptiometry. Carotid and femoral intima-media thickness were measured using a Doppler ultrasound
device. A 12-hour fasting blood sample collection was taken (fasting glucose and lipid profile). Early physical activity
was assessed through face-to-face interview, and the current physical activity was assessed by pedometer (Digi-Walker
Yamax, SW200), which was used for a period of seven days. Results: Current physical activity was negatively related
to total cholesterol (rho=—0.31), while early physical activity was negatively related to triglycerides (tho=—0.42), total
cholesterol (tho=—0.28), very low density lipoprotein (tho=0.44), and carotid intima-media thickness (rho=0.50). In the
multivariate model, subjects engaged in sports activities during early life had lower values of very low density lipoprotein
(b=-8.74 [b,,, ., =16.1;—1.47]) and carotid intima-media thickness (b=-0.17 [95%CI: -0.28; -0.05]). Conclusion: Early
physical activity has a significant influence on carotid intima-media thickness, regardless of the current physical activity.

Keywords: maintenance of physical activity; physical activity; atherosclerosis; insulin resistance; movement.
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Introduction

In the last decades, the occurrences of obesity
and cardiovascular diseases have increased among
adults'. Similarly, the burden of these outcomes on
healthcare costs has increased dramatically?. It is
recognized that obesity and metabolic variables are
related to the increase in the intima-media thickness
of blood vessels*. Therefore, in clinical settings,
vessel intima-media thickness has been used as a
tool to screen for vascular injury® and cardiovascular
diseases’. Moreover, greater carotid intima-media
thickness (CIT) is related to stroke, myocardial
infarction®, and atherosclerosis®!°.

In contrast, greater current physical activity has
been associated with lower mortality and increased

life expectance!l, as well as lower CIT'>!, In
hypertensive subjects, physical activity attenuates
CIT progression, which is explained in part by the
reduction in cardiovascular risk factors'*.

It has been documented that early physical activity
(its maintenance during childhood and adolescence)
seems to prevent cardiovascular and metabolic
outcomes in adulthood'>'. However, it is unclear
whether early physical activity has a greater influence
on intima-media thickness and metabolic variables
than current physical activity. Thus, the purpose of
this study was to analyze the relationship between
current/early physical activity, metabolic variables,
and intima-media thickness measures in adults.
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Method
Subjects

The present study includes the baseline measures
of a cohort study “Maintenance of physical activity
throughout life and vascular stiffness in adults:
cross-sectional analysis and cohort of 12 months”,
which is being conducted in Presidente Prudente,
SP, Brazil (from 2013 to 2014). In this cohort study,
the following inclusion criteria were adopted: (i) age
between 30 and 50 years; (ii) no previous history of
stroke or myocardial infarction; (iii) no amputation
or visual problems related to diabetes mellitus
(there were no diabetic subjects); (iv) no physical
limitation that would affect physical activity; (v)
classification as either persistently active (at least one
year of supervised sports practice outside school in
both childhood [age 7 to 10] and adolescence [age
11 to 17]) or persistently sedentary (no supervised
sports practice outside school in both childhood and
adolescence); and (vi) informed consent.

In the selected sample, there were two hypertensive
subjects under medical treatment (beta blocker),
while 18.2% (n= 10) reported the use of either
statins or other medication. Among subjects with
either hypertension or dyslipidemia there was no
simultaneous use of two or more drugs (combination
therapy). In additional analyses, there was no
significant relationship between medicine use and
the metabolic/cardiovascular variables and, therefore,
these subjects were maintained in the sample.

The researcher responsible for the cohort study
contacted fitness clubs of the city and also contacted
the Human Resources Sector of the University to
identify and contact eligible candidates to participate
in the cohort. In the presented study, the sample
was composed of 55 subjects of both sexes who
fulfilled all inclusion criteria and, thus, were invited
to participate in this study. All study procedures
were approved by the Ethical Research Group of
Universidade Estadual Paulista (UNESP), Presidente
Prudente, SP, Brazil (approval n° 173.571/2012), and
all subjects signed an informed consent form.

Anthropometry and body composition

Body weight was measured using a digital scale
(Filizola, PL-200, to the nearest 0.1 Kg) and height
was measured with a wall-mounted stadiometer
(to the nearest 0.1 cm) with a maximum length of
220 cm (Sanny, Standard ES2030). Body mass index
(BMI [Kg/m?]) was calculated by the use of body
weight and height values. Waist circumference was
measured in centimeters (cm) using a metallic tape.

Early sports practice and carotid thickness

All anthropometric measures were made in areserved
room following standard methods.

Total body and trunk fat were estimated by a
Dual-Energy X-ray Absorptiometry (DEXA) scanner
(Lunar DPX-NT; General Electric Healthcare, Little
Chalfont, Buckinghamshire, UK), version 4.7. All
participants were in light clothing, with no shoes or
metal belongings on the body, and in supine throughout
the examination (approximately 15 minutes). Total
body and trunk fat were expressed in percentage
values by the DEXA software. All measurements
were carried out at the University laboratory in a
controlled temperature room. Each morning, before
the beginning of the measurements, the DEXA was
calibrated by the same researcher, according to the
references provided by the manufacturer.

Intima-media thickness measurement

To measure the carotid and femoral intima-
media thickness (CIT and FIT, respectively), we
used a Doppler ultrasound device (Toshiba Xario,
SSA-660A). All tests were performed at a hospital
in morning (between 8 and 11 am), and analyses
were performed by a medical doctor specializing
in diagnostic imaging. The procedures adopted for
the examinations followed the recommendations
of the Brazilian Society of Radiology'’. Prior to
the examination, all subjects were at rest, lying in
a supine position in a quiet room and acclimatized.
To measure CIT, the neck was positioned in
hyperextension and slightly inclined at 45°. The
measurements were taken from the posterior wall of
the artery, farthest from the transducer, manually and
with the caliper method. Three measurements of CIT
and FIT were obtained in the stretch of 15 mm free
of plaques, where the pattern is clearly observed. For
analysis of the results, we considered the mean values
in millimeters (mm) of each artery.

Blood samples

All blood sample collections and biochemical
analyses were done in a private laboratory, which
meets the standardization criteria of quality control
adopted by the Brazilian Health Ministry. A 12-hour
fasting blood sample collection was taken. Samples
were collected in vacuum tubes containing gel with
anticoagulant. Then the blood was centrifuged
for 10 minutes at 3,000 rpm. To measure fasting
glucose, total cholesterol (TC), triglycerides (TG),
very low density lipoprotein cholesterol (VLDL-C),
low density lipoprotein cholesterol (LDL-C), and
high density lipoprotein cholesterol (HDL-C),
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an enzymatic colorimetric kit processed in an
Autohumalyzer A5 unit was used'®.

To obtain glycated hemoglobin (HbA, ), blood
was collected under vacuum in sealed tubes
containing ethylenediaminetetraacetic acid (EDTA)
as lyophilized anticoagulant. The determination of the
glycated hemoglobin was performed in primary tube
by high performance liquid chromatography (HPLC)
equipment in D10 - Hemoglobin A1C Testing
System (Bio-Rad®, France). HPLC is a standardized
methodology for HbA . determination, certified by the
National Glycohemoglobin Standardization Program
(NGSP) traceability of analytical performance
with the reference methods Diabetes Control and
Complications Trial (DCCT) and United Kingdom
Prospective Diabetes Study Group (UKPDS)'%.

Early and current physical activity

Early physical activity was assessed using two
questions'>!¢: (i) “Outside school, did you engage in
any organized/supervised sport activities in clubs for
at least 1 year between the ages of 7 and 10 years?”
and (ii) “Outside school, did you engage in any
organized/supervised sport activities in clubs for at
least 1 year between the ages of 11 and 17 years?”
Other physical activities, such as dance modalities
(e.g. ballet), were also included. Subjects were
classified as persistently active (sports practice in both
childhood and adolescence [n=45]) or persistently
sedentary (no sports practice in both childhood and
adolescence [n=10]).

Current physical activity was assessed by
pedometer (Digi-Walker Yamax, SW200). The
pedometer was fixed laterally at the hip and taken off
only during periods of sleep, activities in the pool, and
during shower. The pedometer was used for a period
of seven days. At the end of each day, the subjects
recorded the number of steps taken throughout the
day. In the morning, to begin collecting the data, the
“reset” button was pushed to zero out the equipment.
The mean values of steps in the week were assigned
as the level of current physical activity, and the
sample was stratified as either physically active
(>10,000 steps/day [n=21]) or sedentary (<10,000
steps/day [n=34])*'.

Potential confounders

Face-to-face interview was used to assess the
regular use of anti-hypertensive drugs, lipid-
lowering drugs, and anti-diabetic drugs (statistical
analysis was carried out using the number of drugs
reported). Additionally, resting systolic and diastolic
blood pressures (SBP and DBP, respectively) were
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measured at rest in a seated position after at least
10 minutes of rest. Medicine use and blood pressure
measures were used as potential confounders, and
multivariate models were adjusted by both variables.

Statistical analysis

Several variables presented non-parametric
distribution and, thus, median and interquartile
range (IR) were used as descriptive statistics.
Mann-Whitney’s test compared fat, metabolic,
and cardiovascular variables according to current
and early physical activity. Spearman’s rank-order
correlation (rho) analyzed the relationship between
CIT/FIT and independent variables (Spearman’s
rank order correlation was used even in dataset with
normal distribution). Finally, the linear regression
model was used (expressed as beta values [b]
and 95% confidence interval [by,, .]), in which
the statistically significant relationships in the
multivariate model were adjusted simultaneously
for potential confounders (sex, age, body fat, blood
pressure, medicine use, and trunk fat). All analysis
were performed by the statistical software BioEstat
(release 5.0 [BioEstat, Tefé, Amazonas]), and the
statistical significance was set at p-value <0.05.

Results

The sample was composed of 33 men and
22 women (Table 1). In the overall sample, the
prevalence of insufficient current physical activity
was 38.2% (n=21) and only 18.2% (n=10) of
the sample reported no sports practice during
childhood and adolescence. Regarding current
physical activity, only body fat (p-value=0.025)
and trunk fat (p-value=0.046) were statistically
different. Total cholesterol had marginal significance
(p-value=0.050).

Adults who engaged in sports practice during
childhood and adolescence had lower body fat
(p-value=0.001), trunk fat (p-value=0.001),
triglycerides (p-value=0.002), total cholesterol
(p-value=0.036), and VLDL-C (p-value=0.001)
than non-engaged adults (Table 2). Moreover, CIT
was significantly lower in persistently active adults
(p-value=0.001). Current physical activity was also
increased in adults engaged in sports practice during
childhood and adolescence (p-value=0.001).

Regarding medicine use, lowering lipid drugs was
negatively related to FIT (tho=0.30; p-value=0.024),
but not CIT (rho=—0.11; p-value=0.412). Metabolic
variables were not related to medicine use. Current
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Table 1. General characteristics of the sample stratified by current physical activity (Brazil, n=55).

>10,000 steps/day (n=21)

Variables

Median (IR)
M/F 14/7
Age (years) 37.9 (6.3)
Body weight (Kg) 77.6 (12.5)
Height (cm) 173.5 (11.1)
BMI (Kg/m?) 24.5(6.2)
WC (cm) 80.5 (11.7)
Body fat (%) 23.1 (9.5)
Trunk fat (%) 27.8 (8.3)
Glucose (mg/dL) 89.6 (9.9)
Triglycerides (mg/dL) 77.1 (43.6)
Total cholesterol (mg/dL) 184.7 (49.6)
HDL-C (mg/dL) 50.8 (9.3)
LDL-C (mg/dL) 118.4 (42.1)
LDL-C/HDL-C (mg/dL) 234 (1.2)
VLDL-C (mg/dL) 15.4 (8.7)
HbA,  (mmol/mol) 5.3(0.5)
CIT (mm) 0.60 (0.09)
FIT (mm) 0.48 (0.06)
Steps/day 11,906.1 (1718)
SBP (mmHg) 110 (20)
DBP (mmHg) 80 (10)

<10,000 steps/day (n=34)

Median (IR) p-value
19/15

38.9 (12.4) 0.132
74.9 (19.9) 0.856
174.2 (18.7) 0.829
24.6(5.3) 0.822
82.3 (15.6) 0.456
29.6 (10.3) 0.025
33.1(12.1) 0.046
89.3 (8.5) 0.842
98.1 (72.2) 0.194
203.5 (58.8) 0.050
53.1 (16.1) 0.253
130.1 (40.6) 0.163
234(12) 0.579
19.6 (14.4) 0.103
5.3(0.6) 0.747
0.66 (0.14) 0.078
0.51 (0.10) 0.138
8,286.1 (2136) 0.001
111 (20) 0.810
81 (10) 0.529

M= male; F= female; BMI= body mass index; WC= waist circumference; HDL-C= high density lipoprotein cholesterol; LDL-C= low density
lipoprotein cholesterol; VLDL-C= very low density lipoprotein cholesterol; HbA = glycated hemogloblin; CIT= carotid intima-media
thickness; FIT= femoral intima-media thickness; SBP= systolic blood pressure; DBP= diastolic blood pressure.

physical activity was negatively related to TC
(rho=—0.31). On the other hand, early physical
activity was negatively related to TG (rho=—0.42),
TC (rho=-0.28), VLDL-C (rho=0.44), and CIT
(tho=-0.50) (Table 3).

In the multivariate model, regarding current
physical activity, the number of steps was negatively
related to total cholesterol (b=-0.004 [b, .=0.007;
—0.001]) regardless of sex, age, and body composition
(Table 4). The same patterns had been identified
among adults engaged in sport activities during
early life, when considering VLDL-C (b=-8.74
[byg,,=16.1; —1.47]) and CIT (b=-0.17 [95%CI:
—-0.28; -0.05]).

Discussion

This was a cross-sectional study in which
early and current physical activity were related to
cardiovascular and metabolic outcomes. It identified
that early physical activity seems to be a determinant

factor in the occurrence of increased cardiovascular
risk, regardless of current physical activity.

In the present study, current physical activity was
negatively related to total cholesterol, regardless of
body fat (general and abdominal obesity). Regular
walking (between 11 km and 16 km per week)
during adulthood has been pointed out as effective
in the control of different lipid parameters?, but
previous studies have reported that this protective
effect is mainly mediated by modifications in body
composition®24, In our sample, total body and trunk
fat were both positively related to CIT (rho=0.36;
p-value=0.003 and rho=0.40; p-value=0.002,
respectively) and total cholesterol (rho=0.39;
p-value=0.003, only trunk fat). Although obesity
plays a central role in the development of metabolic
and cardiovascular diseases due its pro-inflammatory
action®?', our findings ratify that regular physical
activity in daily life (not necessarily physical
exercise) can be used as a public health strategy
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Table 2. General characteristics of the sample stratified by maintenance of sport activity during childhood and adolescence (Brazil, n=55).

Persistently Active (n=45) Persistently Sedentary (n=10)

Variables p-value
Median (IR) Median (IR)

M/F 29/16 4/6

Age (years) 38.3(6.9) 43.8 (13) 0.121
Body weight (Kg) 77.3 (17) 74.8 (17.5) 0.639
Height (cm) 174.1 (12.8) 166.3 (18.5) 0.015
BMI (Kg/m?) 24.3 (4.8) 26.1 (9.4) 0.190
WC (cm) 80.5(13.2) 88.5(21.5) 0.210
Body fat (%) 24.1 (10.5) 40.2 (17.6) 0.001
Trunk fat (%) 31.3(8.2) 47.9 (14.6) 0.001
Glucose (mg/dL) 89.3 (9.1) 91.1 (11.5) 0.413
Triglycerides (mg/dL) 76.2 (46.9) 127.7 (36.8) 0.002
Total cholesterol (mg/dL) 190.1 (47.8) 225.4 (54.2) 0.036
HDL-C (mg/dL) 52.5(12.3) 50.1 (19.9) 0.793
LDL-C (mg/dL) 123.2 (40.2) 132.3 (38.2) 0.385
LDL-C/HDL-C (mg/dL) 23(1.2) 2.7(1.3) 0.789
VLDL-C (mg/dL) 15.2(9.3) 25.5(7.4) 0.001
HbA,  (mmol/mol) 5.3(0.5) 5.3(0.8) 0.637
CIT (mm) 0.60 (0.11) 0.78 (0.11) 0.001
FIT (mm) 0.49 (0.08) 0.53 (0.12) 0.287
Steps/day 9,476.1 (3148) 6,848.8 (4474) 0.001
SBP (mmHg) 110 (20) 105 (30) 0.920
DBP (mmHg) 80 (10) 75 (20) 0.885

M= male; F= female; BMI= body mass index; WC= waist circumference; HDL-C= high density lipoprotein cholesterol; LDL-C= low density
lipoprotein cholesterol; VLDL-C= very low density lipoprotein cholesterol; HbA = glycated hemogloblin; CIT= carotid intima-media
thickness; FIT= femoral intima-media thickness; SBP= systolic blood pressure; DBP= diastolic blood pressure.

Table 3. Relationship between current/early physical activity, intimal thickness, and metabolic variables in adults (Brazil, n=55).

Glucose TG  TC HDLC LbL-c “PLC vipic WbA, T FIT
Physical Activity HDL-C b

Rho rho rho Rho Rho rho rho rho rho rho
Current 0.01 -0.22 -031* -0.20 -0.19 -0.02 -0.24 -0.07 -0.26 -0.02
Early —-0.11 -0.42%  -0.28*  -0.03 -0.11 —-0.03 —0.44% -0.06 —0.50% —-0.08

*= p-value <0.05; §= p-value <0.01; Rho= Spearman’s rank correlation; TG= triglycerides; TC= total cholesterol; HDL-C= high density
lipoprotein cholesterol; LDL-C= low density lipoprotein cholesterol; VLDL-C= very low density lipoprotein cholesterol; HbA| = glycated

hemogloblin; CIT= carotid intima-media thickness; FIT= femoral intima-media thickness.

to prevent dyslipidemia in adults®, regardless of
obesity status.

Regarding this inflammatory action of obesity on
the human body**, it has been documented over
the last decade that physical activity has significant
antioxidant and anti-inflammatory effects?. Although
less investigated in pediatric populations, this
protective effect of exercise can counteract the
inflammatory action of the adipose tissue® in
adults, regardless of changes in body composition.
Corroborating this idea, a recent study identified
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that, in obese/overweight adolescents, body fat is
related to higher inflammatory status and increased
carotid intima-media thickness'3. At the same time,
the same sample of overweight/obese adolescents
showed higher cardiorespiratory fitness significantly
related to lower inflammation status identified by
C-reactive protein and lower carotid intima-media
thickness'>. Therefore, the recent scientific literature
has consistently pointed out that, regardless of obesity
status, physical activity and cardiorespiratory fitness
have a significant role in the control of inflammation
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Table 4. Adjusted relationship between current/early physical activity, carotid intimal-media thickness and metabolic variables in adults

(Brazil, n=55).

Relationship between variables

Independent Dependent

Physical Activity

Current TC
Physical activity

Early TG

Early TC

Early VLDL-C

Early CIT

Model — 1
ﬁ (B‘)S%CI)

Model -2
B (B‘JS%CI)

~0.004 (~0.007; —0.001) ~0.004 (~0.007; —0.001)
—42.6 (-89.2; 3.94)

226.3 (-50.4; -2.21)
~10.1 (-16.4;-3.87)
~0.18 (-0.26; -0.10)

287 (-85.8; 28.3)
-25.2(-56.1; 5.56)

~8.74 (~16.1; ~1.47)
~0.17 (~0.28; ~0.06)

TG= triglycerides; TC= total cholesterol; VLDL-C= very low density lipoprotein cholesterol; CIT= carotid intima-media thickness; Model-1=
crude; Model-2= adjusted by sex, age, general, trunk fat, medicine use, systolic and diastolic blood pressures; 95%CI= 95% confidence interval.

and, hence, prevention of atherosclerosis since early
age.

In this sample, early physical activity was
consistently related to lower lipid, cardiovascular, and
adiposity values. Previous studies have reported that
adults engaged in sports activities during childhood
and adolescence have a decreased likelihood of
reporting dyslipidemia, type 2 diabetes mellitus,
and arterial hypertension'>!¢. There is limited data
about the relationship between early physical activity
and vessel thickness, but there is a longitudinal
relationship between accumulated habitual physical
activity throughout life (mainly moderate to high
intensity) and lower arterial stiffness among adults?’.
In fact, the impact of current physical activity level
on CIT progression is at least in part explained by
the reduction in cardiovascular risk factors', and
it would be possible to assume that this protective
effect is linked to the maintenance of physical
activity throughout life!>!¢ because physical activity
is sustained from early age to adulthood'.

In contrast, an unexpected finding caught our
attention because, in an additional analysis, the
relationship between early physical activity and
CIT was simultaneously adjusted by all potential
confounders previously used (age, sex, general
adiposity, trunk fat) plus current physical activity and,
surprisingly, the relationship remained statistically
significant (b=-0.17 [95%CI: —0.28; —0.05];
p-value=0.004). This finding seems to show that
the relationship between early physical activity and
CIT could be supported by other pathways and not
just the maintenance from childhood/adolescence to
adulthood, as previously hypothesized.

Given this unexpected finding, a new hypothesis
had to be formulated and methodological questions
were raised. Regarding the new hypothesis, the

possible epigenetic effect of physical activity over
risk factors for atherosclerosis (such as blood
pressure) was considered. For example, people with
polymorphisms related to hypertension development
are more exposed to the development of the disease
when they have a lower physical activity level, and
this pattern has been identified in both childhood
and adulthood®?*. From this viewpoint, the new
hypothesis raises other relevant questions because it
is not clear if this protective effect of physical activity
occurs during childhood and remains into adulthood.
Therefore, if this independent effect of early physical
activity is confirmed, it opens the door to a new line of
research, which denotes that the relationship between
physical activity and human growth constitutes an
area not entirely explored and, hence, not completely
understood.

Limitations should be recognized. The cross-
sectional design constitutes the main limitation of
the study and, therefore, the development of cohorts
analyzing this issue is recommended. Moreover, we
suggest that further studies analyzing the maintenance
of physical activity should take into account
inflammatory biomarkers (TNF-a, interleukin-6,
C-reactive protein), other important behavioral
risk factors (e.g. smoking, alcohol consumption,
diet*), and possible polymorphisms. Finally, in this
study, current physical activity in the last week was
considered as habitual physical activity, but it is not
clear how much this specific week represents the
pattern of habitual physical activity performed in the
last months/years.

Conclusions

In summary, it is possible to conclude that early
physical activity performed during childhood and
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adolescence has a significant effect on lipid variables
and carotid intima-media thickness in adulthood,
regardless of current physical activity.
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Programa de Pds-Graduacao em Fisioterapia

O Programa de Pds-Graduacdo em Fisioterapia tem como area de

concentracao: "Processos de Avaliacdo e Intervencdo em

Fisioterapia". Nosso objetivo €& oferecer condigdes académicas
necessarias para que o aluno adquira um repertério tedrico e
metodoldgico, tornando-se apto a exercer as atividades de docente
de nivel universitario e inicia-lo na carreira de pesquisador.

Os cursos de mestrado e doutorado (stricto sensu) foram os

primeiros criados na area de fisioterapia do pais.

Linhas de pesquisa do programa sao:
e Instrumentacdo e Analise Cinesiologica e Biomecanica do

Movimento
Processos de Avaliacdo e Intervencdao em Fisioterapia do
Sistema Musculo-Esquelético
Processos Basicos, Desenvolvimento e Recuperagao
Funcional do Sistema Nervoso Central
Processos de Avaliacao e Intervencdao em Fisioterapia

Cardiovascular e Respiratoria

Recomendado pela CAPES - Conceito 6

Mais informacgdes
Fone: (16) 3351-8448

www.ppgft.ufscar.br

e-mail ppg-cr@ufscar.br




O que e PEDro?

PEDro, Physiotherapy Evidence Database, é uma base de dados
eletrbnica gratuita de evidéncias relevantes em fisioterapia.
PEDro permite acesso rapido a mais de 17.000 estudos clinicos
aleatorizados, revisdes sistematicas e diretrizes de pratica clinica
em fisioterapia, fornecendo, quando possivel, resumo e link para
o texto completo de cada documento indexado.

Todos os estudos clinicos na PEDro sao avaliados para fins de
classificacao de qualidade. Esses critérios de qualidade permitem
aos usuarios identificar de forma rapida os estudos que mais
possivelmente contenham informacoes validas e Uteis para guiar
a pratica clinica.

PEDro é gratuita. E PEDro esta disponivel em portugués:
www.pedro.org.au/portuguese

FPEDro

l\Ij‘ PHYSIOTHERAPY EVIDENCE DATABASE
CONHEGA VISITE CONSULTE CONTRIBUA
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