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RESUMO

Introducéo: Intervencdes com exercicio sdo recomendados para pessoas com dor lombar crdnica
ndo especifica. Em revisdes sistematicas anteriores, os principais resultados investigados foram
centrados no paciente, dor e incapacidade. A literatura € escassa a respeito de exercicios efeitos
na for¢a muscular, resisténcia e atividade elétrica dos musculos extensores lombares. Objetivos:
Investigar o efeito do exercicio fisico na forca, resisténcia e ativacdo dos musculos extensores da
coluna em pessoas com dor lombar ndo especifica. Métodos: As buscas eletronicas foram
realizadas nas seguintes bases de dados até julho de 2020: PUBMED, CENTRAL, EMBASE,
PEDro, SPORTDiscus, Scielo e LILACS. Os ensaios clinicos randomizados compararam a
intervencgdo de exercicio versus controles passivos e ativos. Resultados: No total, 17 estudos
atenderam os critérios de inclusdo e a qualidade metodoldgica foi avaliada segundo a Escala
PEDro. O resultado da maioria dos estudos incluidos demonstrou que as intervengdes de
exercicios tiveram efeitos superiores em comparacao com controles ativos e passivos para o
tratamento de pessoas com dor lombar crénica ndo especifica. Conclusédo: As intervencdes de
exercicios sdo eficazes em aumentar a forca, resisténcia e ativagdo dos musculos extensores da

coluna em adultos com dor lombar ndo especifica e devem ser incorporadas a pratica clinica.

Palavras-chave: Dor Lombar; Exercicio Fisico; Forca Muscular



ABSTRACT
Introduction: Exercise interventions are recommended for people with chronic non-specific low
back pain. In previous systematic reviews, the main investigated outcomes were patient centered,
reported pain and disability scores. The literature is scarce regarding exercise's effects on muscle
strength, endurance, and electrical activity of lumbar extensors muscle. Objectives: To
investigate the effect of physical exercise on strength, endurance, and activation of the spinal
extensor muscles in people with non-specific low back pain. Methods: Electronic searches were
performed in the following databases until July 2020: PUBMED, CENTRAL, EMBASE, PEDro,
SPORTDiscus, Scielo and LILACS. Randomized clinical trials compared exercise intervention
versus passive and active controls. Results: In total, 17 studies met the inclusion criteria, and the
methodological quality was assessed according to the PEDro Scale. The results of most of the
included studies demonstrated that exercise interventions had superior effects compared to active
and passive controls for the treatment of people with non-specific chronic low back pain.
Conclusion: Exercise interventions are effective in increasing strength, endurance, and activation
of the spinal extensor muscles in adults with non-specific low back pain and should be

incorporated into clinical practice.

Keyword: Low Back Pain; Exercise; Muscle Strength
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1. INTRODUCAO

A dor lombar (DL) é uma causa frequente de incapacidade, afetando até 80% das
pessoas ao longo da vidal. A dor lombar ndo especifica, que é definida como uma dor sem uma
patologia clara, é o tipo mais comum de dor lombar, representando cerca de 90% dos casos?. A
classificacdo da dor lombar é dada de acordo com a duracdo, podendo ser aguda (menor que 6
semanas), subaguda (entre 6 semanas e 3 meses), e cronica (maior que 3 meses) 3.

Pessoas que sofrem de dor lombar cronica (DLC), além da sensacdo de dor, apresentam
algumas condigdes como flexibilidade lombar reduzida, amplitude de movimento limitada,
enfraquecimento dos misculos extensores da coluna e desequilibrio da forca muscular®. Ademais,
a dor lombar é responsavel por altos custos econdmicos®. O custo anual de uma pessoa com DLC
é de aproximadamente 7 mil euros; além disso, quando adicionado ao preco da improdutividade,
0 preco sobe para cerca de 18 mil euros®. No Brasil, o custo anual da produtividade perdida por
individuo com DL ¢ de aproximadamente 2.684 ddlares’.

O tratamento para as pessoas com dor lombar ndo especifica deve ser focado em algo
que essa populacdo possa fazer por um longo periodo, sendo que qualquer tipo de tratamento
deve aumentar os beneficios ao longo do tempo®. S&o usados varios tipos de exercicios para tratar
a dor lombar cronica, tais como: exercicios aerobicos, exercicios de flexibilidade, exercicios de
estabilizacdo e exercicios de fortalecimento. No entanto, a forma mais eficaz de exercicio como
método de reabilitacdo para a dor lombar crénica ndo especifica € desconhecida, refletindo sua
complexidade e a necessidade de mais pesquisas®.

Na literatura podemos encontrar estudos conflitantes sobre os tipos de exercicio em uma
determinada variavel devido a grande variedade de intervengdes utilizadas, e recomendacdes
inconsistentes sobre a intensidade e duragéo dos exercicios. Essa variagdo dos resultados mostra
a necessidade de mais revisdes sistematicas. O objetivo do presente estudo foi investigar o efeito
do exercicio fisico na forca, resisténcia e ativacdo muscular elétrica dos musculos extensores da

coluna em pessoas com dor lombar ndo especifica.



2. MATERIAIS E METODOS

2.1 Desenho do estudo

Este estudo foi registrado no Registro Prospectivo Internacional de RevisGes
Sistematicas e foi feito de acordo com os Itens de Relatério Preferenciais para Revisfes
Sisteméticas (PRISMA,; http://www.prisma-statement.org).

O desenho do estudo foi realizado de acordo com a seguinte estratégia PICO: adultos
com dor lombar ndo especifica (Populagdo), intervencGes de exercicio (Intervencdo), outras
intervencdes, sejam ativas ou passivas (Comparacgéo), forca, resisténcia e / ou atividade muscular
(Desfechos).

A estratégia de busca utilizada foi: (“Exercise” OR “Exercises” OR “Physical Activity”
OR “Exercise Therapies” OR “Strength Training” OR “Rehabilitation Exercise” OR “Physical
Exercise” OR “Circuit-Based Exercise” OR “Endurance training”); AND (“Low Back Pain” OR
“Lower Back Pain” OR “Low Back Ache” OR “Mechanical Low Back Pain”).

2.2 Tipos de estudo

Incluimos estudos de ensaios clinicos randomizados realizados por mais de 6 semanas.
Em relacdo aos critérios de 6 semanas, essa decisdo foi tomada de acordo com a fase inicial de
adaptacbes neuromusculares do treinamento resistido, com base em um amplo quadro da

literatura®®.

2.3 Tipos de participantes

Foram incluidos estudos com qualquer tipo de dor lombar ndo especifica (aguda,
subaguda, cronica) em individuos adultos (>18 e <65), ndo havendo restricdes de linguagem. A
dor lombar foi definida como dor e/ou desconforto localizado abaixo das costelas e acima da
prega glitea 2. Além disso, é importante ressaltar que a dor lombar inespecifica ndo é atribuida a
uma patologia reconhecivel ou especifica?, e que consideramos para este estudo, dor lombar com
ou sem dor referida na perna. Foram excluidos estudos cujos participantes foram submetidos a
cirurgia de coluna, osteoporose, fraturas e neoplasias. Pacientes com doencas sistematicas ou

lombalgia ndo mecanica (por exemplo, hérnia de disco, estenose espinhal etc.), gravidas,



experiéncia pos-natal relacionada a lombalgia e forgas militares também foram excluidos.

2.4 Tipos de intervencao

Incluimos os tipos de estudos em que as comparagdes foram feitas considerando a
comparacdo do grupo experimental (intervencdo de exercicio para aumentar a forca muscular)
versus controles passivos e ativos. Para controles passivos consideramos: grupos sem intervencao
e lista de espera. Para os grupos ativos foram considerados: cuidados padrdo (ex: fisioterapia
multimodal) e diferentes tipos de exercicios que ndo sdo projetados para aumentar a forca
muscular, como exercicios aerdbicos, ioga, exercicios de alongamento, exercicios domiciliares,
exercicios baseados em circuito, tele reabilitacdo e Tai Chi Chuan. O modelo da Cochrane
Handbook for Systematic Reviews of Intervention foi seguido para definir as classificagdes do
grupo de controle®,

Excluimos os estudos nos quais foram feitas comparacdes entre dois tipos diferentes de
intervencdes de exercicios para aumentar a forca muscular, resisténcia ou atividade elétrica ex:
exercicio de controle motor versus exercicio de forca com maquina). A justificativa para essa
decisdo foi tomada considerando que ndo existe um método padrdo-ouro de exercicios para o
tratamento de pacientes com dor lombar®,

Decidimos agrupar as analises de intervencdo (exercicios diferentes), considerando que
se enquadram na definicéo de treinamento de forca, em que o masculo se move ou tenta se mover
contra uma forga oposta. No caso dos exercicios isométricos, devemos levar em consideracao que

a gravidade é uma forca a ser superada®®.

2.5 Analise dos dados

As principais caracteristicas dos ensaios clinicos randomizados foram identificadas e
agrupadas com as seguintes informacbes: ano e autor, classificacdo da dor lombar e se
apresentava irradiacdo, idade (média e desvio padrdo), duracdo da intervencdo, intervencdo,

comparacdo, instrumento de avaliacdo e os resultados encontrados.



2.6 Métodos de pesquisa para identificacdo de estudos

As buscas eletrénicas foram realizadas nas seguintes bases de dados até julho de 2020:
PUBMED, CENTRAL, EMBASE, PEDro, SPORTDiscus, Scielo e LILACS. Foram incluidos
artigos escritos em inglés e portugués, nao havendo restricdes quanto a data de publicacdo.

As estratégias de pesquisa foram conduzidas e realizadas de acordo com as
configuracOes especificas de cada banco de dados. Assim, uma estratégia de busca especifica foi
preparada para cada banco de dados. A estratégia de pesquisa foi desenvolvida de acordo com o
modelo PICO de questdo clinica (apenas participantes e intervencfes). Termos e palavras de
texto Medical Subject Headings (MeSH) (por exemplo, dor lombar; exercicio; treinamento de
forca) foram usadas e combinadas com os operadores booleanos “AND” e “OR”. Além disso, foi
realizada uma pesquisa manual nas bibliografias de todos os estudos incluidos para obter uma

selecdo integrativa do texto completo das referéncias cruzadas.

2.7 Selecéo dos estudos

Dois revisores independentes leram todos os titulos e resumos obtidos pela estratégia de
busca. Aqueles considerados potencialmente relevantes foram recuperados para avaliacdo do
texto completo pelos mesmos revisores que avaliaram se 0s estudos preenchiam os critérios de
elegibilidade. Quando necessario, um terceiro autor resolveu quaisquer divergéncias quanto a
inclusdo do estudo. Utilizamos um fluxograma para resumir os resultados da busca e do processo

de selecdo dos estudos.

2.8 Extracdo e gerenciamento de dados

Dois revisores extrairam independentemente os dados dos estudos primarios usando uma
planilha de extracdo de dados padrdo no software Excel para coletar os seguintes detalhes:
participantes, intervencdo, comparador, resultados, avaliacdo e conclusdo (Tabela 1). A extracdo

foi verificada por um terceiro revisor.



2.9 Qualidade Metodoldgica

Dois revisores avaliaram de forma independente a qualidade metodoldgica dos ensaios
clinicos incluidos usando a escala PEDro. A escala PEDro é composta por 11 critérios: alocacdo
aleatéria; alocacdo oculta; comparabilidade da linha de base; sujeitos cegos; terapeutas cegos;
avaliador cego; acompanhamento adequado; andlise da intencdo de tratar; comparagdes entre
grupos; estimativas pontuais e variabilidade). Os itens avaliados recebem classificagdo “sim” ou
“ndo”. A pontuagdo maxima da PEDro é de 10 pontos. Ensaios com pontua¢do PEDro > 6 pontos
foram classificados como de alta qualidade, enquanto ensaios com pontuacdo PEDro <6 pontos
foram classificados como de baixa qualidade®. Qualquer discordancia foi resolvida por um

terceiro autor da revisdo.

3. RESULTADOS

A busca eletronica realizada encontrou 14.389 artigos, dos quais 12.793 foram excluidos
como duplicatas, 1.464 foram excluidos por triagem de titulo e resumo e 18 foram excluidos por
leitura de texto completo. Portanto, 17 estudos 17-251.2621.52831 foram incluidos na sintese
qualitativa ap0ds a aplicacdo dos critérios de elegibilidade. A Figura 1 mostra as fases de busca e

triagem dos estudos incluidos na sintese qualitativa.

3.1 Caracteristicas dos estudos incluidos

Os estudos incluidos apresentaram um total de 1.184 participantes com dor lombar
crénica ndo especifica de ambos os sexos. A idade minima e maxima dos participantes variou
entre 18 e 65 anos. O tamanho da amostra dos estudos incluidos considerando todos 0s grupos
(experimental e controle) variou entre 18 e 301 participantes. O periodo geral de intervencdes de
exercicio variou de 6 a 16 semanas. A frequéncia das intervencBes de exercicios e manejo dos
grupos de controle variou de 1 a 5 vezes por semana. A duracdo das intervencdes do exercicio
(tempo da sessdo) variou de 30 a 60 minutos. O nimero de exercicios no grupo de intervencao
variou de 1 a 18 exercicios. As outras caracteristicas dos estudos incluidos (detalhes da
intervencdo, comparador, medidas de desfecho, avaliacdo, conclusdo, qualidade metodoldgica

dos ensaios clinicos e suporte financeiro) sdo apresentadas na Tabela 1.
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Tabela 1. Caracteristicas dos estudos incluidos

Ano, Participantes ldade Duracéo Intervencéo Comparacdo Avaliacdo Desfechos
titulo
Chok, Género: Exercicio: 6 semanas Exercicio Sem Soerensen test <> Resisténcia dos
1999 Masculinoe  Média:37.5 (3 vezes na (n=30) intervencdo (s) musculos
Feminino SD: 9.7 semana) (n=24) extensores da
Classificagdo:  Controle: 4 niveis de coluna
Subaguda Média:34.2 elevagdo de Conselhos
Radiac&o: SD: 8.1 ombro (30 - sobre postura
Com ou Sem 45 min) e cuidados
com a coluna
Mannion,  Género: Média: 45.0 12 semanas Dispositivos Fisioterapia+ Soerensentest 1 Forca isométrica
2001 Masculinoe  SD: 10.0 (2 vezes na de treinamento  Exercicios (s) < grupo de
Feminino semana) (n=41) domiciliares Eletromiogram  dispositivos
Classificagdo: 3 planos (n =46) a (Hz) 1 Ativacdo dos
Cronica isoinerciais Isométrico e musculos
Radiagéo: subméximos -  therabands- extensores da
Sem 25 repeticbes /  30min coluna
5essdo em Aerdbico / 1 Resisténcia
cada Alongamento
dispositivo - (n=45)-1h
1h
Exercicio
Rittweger, Género: Isodindmico: 12 semanas Exercicio de Exercicio de LE Markl 1Torque de
2002 Masculinoe  Média: 49.8 (Lou2vezes extensdo vibracdo do Maquina de extens&o lombar <
Feminino SD: 6.6 na semana) lombar corpo todo extensdo Grupo de
Classificagdo:  Vibragéo: isodindmica (n=25) lombar exercicios de
Cronica Média:54.1 (n=25) Plataforma (Nm/kg) extensdo lombar
Radiag&o: SD: 3.4 Exercicio que oscila isodinamica
Sem resistido para  entre 0s pés
0s musculos dos
abdominais e participantes
musculos da

CoXa

10



11

Maul, Género: Exercicio: Exercicio: Grupo de Comparacdo:  Soerensen test ~ Ambos 0s grupos
2005 Masculino e Média: 38 12 semanas exercicios de Escola da (modificado) < no grupo de
Feminino SD: 8 (2 vezes na fortalecimento  coluna (n=74) (s) exercicios:
Classificagdo: ~ Comparacdo:  semana) + escola da 1 Resisténcia
Cronica Média: 39 Comparagdo:  coluna (n=74)  Aulas Dinamémetro Muscular
Radiagéo: SD: 10 3 sessOes Exercicios informativas  Isocinético 1 Forca isocinética
Sem estaticos e (Nm)
dindmicos
com pequenos
pesos e
maquinas
Harts, Género: HIT 8 semanas Treinamento Treinamento  Maquina 1 Forga isométrica
2008 Masculino Meédia: 44 (la2vezesa dealta de baixa lombar da coluna
Classificagdo:  SD: 10 semana) intensidade- intensidade- modificada — Entre HIT e
Cronica LIT HIT (n=20) LIT (n=19) (Nm) LIT
Radiagéo: Meédia: 42 Um programa  Um programa
ComouSem  SD: 10 de exercicios  de resisténcia
Controle de resisténcia  ndo
Média: 41 progressiva progressivo
SD: 9 para 0s de baixa
musculos intensidade
extensores Sem
lombares intervencéo-
isolados controle
(n=21)
Lista de
espera
Kell, 2009  Género: Resistido 16 semanas Exercicios Treinamento  Biering- Grupo de
Néo Média: 40.1 (3 vezes por resistidos aeroébico Soerensen exercicios
reportado SD: 8.7 semana) (n=9) (n=9) Back resistidos:
Classificagdo:  Aerdbico Eliptico e Endurance 1 Aptidéo
Cronica Média: 36.7 12 Exercicios  esteira (BSBE) musculoesquelética
Radiagao: SD: 8.9 resistidos para
Sem Controle membros Sem Teste de 10
Média: 35.3 superiores e intervencéo- RM
SD: 7.3 inferiores que  Controle
consistiamem  (n=9)

pesos livres,
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maquinas, e
peso corporal

Macedo, Género: Grupo de 20 sessBes (3 Isostretching Sem Teste de Isostretching:
2010 Feminino Isostretching.  vezes na (n=9) Intervengdo - repetigdo 1 Resisténcia
Classificacdo:  Média: 21.11 semana) Nove Controle maxima em um  muscular dos
Cronica SD: 2.02 contracdes (n=6) minuto (RM) musculos
Radiac&o: Controle isométricas de abdominais, gluteo
Sem Média: 20.6 glteos, maximo e
SD: 0.81 quadriceps, extensores de
musculos tronco
abdominais e
assoalho
pélvico (n=9)
Bronfort,  Género: Supervisionado 12 semanas Exercicio Exercicio Soerensen test  Supervisionado>
2011 Masculino e Média:44.5 (2 vezes na supervisionado  domiciliar Quiropraxia e
Feminino SD: 11.8 semana) (n=100) (n=101) Movimento Exercicio
Classificacdo: ~ Domiciliar Sete Fortalecimento  dindmico domiciliar
Subaguda Média:45.6 exercicios + conselhos lombar Exercicio:
Radiagéo: SD: 10.3 focados na (Orthopedic 1 Resisténcia
Comou Sem  Quiropraxia lombar e Manipulagdo  Systems) muscular
Média:45.2 musculatura espinhal 1 Forca
SD: 10.8 abdominal + (n=100)
fortalecimento  Lombar e
do core sacroiliaca
Smith, Género: Média: 42.93 12 semanas Treino de Treino de Maquina de Grupo com
2011 N&o SD: 10.80 (1vezna extensdo extensdo extensdo estabilizacdo
reportado semana) lombar com lombar sem lombar (Nm) pélvica:
Classificag&o: estabilizacdo estabilizacdo 1 Forca lombar em
Crénica pélvica (n=15) pélvica (n= todos os &ngulos
Radiagao: 15) articulares
Sem Sem
intervencédo

(n=12)
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Franca, Género: Stretching 6 semanas Alongamento  Estabilizagdo  Biofeedback Ambos
2012 Néo Média: 41.53 (2 vezes na (n=15) do segmento  de Pressdo tratamentos:
reportado SD: 4.41 semana) Quatro (n=15) (mmHg) 1 Capacidade de
Classificagdo:  Estabilizacao exercicios Quatro ativacdo do
Cronica do segmento focados no exercicios transverso do
Radiagéo: Meédia: 42.07 alongamento focados no abdomem
Né&o SD: 8.15 dos eretores da  transverso do
reportado espinha, abdomem e
isquiotibiaise  musculos
triceps sural multifidos
Bruce- Género: Meédia: 45.5 12 semanas Exercicio Exercicio Maquina de Ambos
Low, 2012 Ndo SD: 14.1 (Lou2vezes (n=20) (umavez por  extensdo treinamentos:
reportado na semana) (duas vezes semana) lombar 1 Forca maxima
Classificag&o: semana) (n=31) (Dynamometer) 1 Amplitude de
Crénica Magquina de Maquinade  (Nm) movimento
Radiac&o: extensdo extensdo
Sem lombar 8-12 lombar
repeticdes -
80% Sem
do torque intervencdo
funcional (n=21)
méaximo
testado
Alp, 2014 Género: Exercicio para 6 semanas Exercicio de Exercicios Soerensen test  Ambos
Feminino 0 core (3 vezes por estabilizacdo domiciliares (s) tratamentos:
Classificagdo: ~ Média: 48 semana) do core (n=24) (n=24) Kraus-Weber 1 Resisténcia dos
Cronica SD: 33.74 Quatro Dois test musculos
Radiacéo: Home-based Alongamentos,  exercicios (sec) abdominais e
Sem Média: 51 estabilizagdo,  isométricos extensores da
SD: 48.73 exercicios lombares de coluna
para 0s flexdo-
musculos extensdo- 20
multifidos / repetices
transverso

abdominal




You, 2015.  Género: Treinamento 6 semanas Grupo de Sem Dinambmetro ~ Grupo de
Né&o Meédia: 27.6 (2 vezes por treinamento: Intervengdo de forca treinamento:
reportado SD: 5.6 semana) Exercicio (n=5) muscular (kg-  TForga Muscular
Classificacdo: ~ Controle (n=7) m / BW) TResisténcia
Cronica Média: 27.6 Seis exercicios
Radiagao: SD: 6.7 de
Sem estabilizagdo
usando um
sistema de
treinamento
com sling
Lomond,  Género: Estabilizacdo 7 semanas Estabilizagdo =~ Movement Eletromiografia < caracteristicas
2015 Masculino e Média: 43.1 do tronco System (Hz) do ajuste postural
Feminino SD: 11.9 (n=12) Impairment antecipatorio
Classificag&o: Controle (n=21) (ou seja, forca de
Cronica Controle motor, Cartilha aplicagdo ou
Radiagéo: Meédia: 41.6 fortalecimento,  educacional amplitude da
Sem SD: 10.9 esforcos eletromiografia)
submaximos,
estabilizacdo e
uma cartilha
educacional
Knox, Género: Exercicio 8 semanas Exercicio Sem Eletromiografia 1 Transverso do
2017 Masculinoe  Meédia: 33.9 (3 vezes na (n=12) intervencdo (Hz) abdomem
Feminino SD: 1.9 semana) Pilates- 3 (n=12) ipsilateral/Obliquo
Classificagdo: ~ Controle sessBes interno
Cronica Média: 34.6 1 Controle de
Radiagao: SD: 2.2 torque rotacional
Sem
Cortell- Género: Exercicio 12 semanas Exercicio Sem Equilibrio 1 Funcéo fisica
Tormo, Feminino Média: 35.6 (2 vezes na (n=11) intervencédo (tentativas em 1 Equilibrio
2018 Classificagdo:  SD: 7.9 semana) 18 Exercicios  Controle 60s); 1 Agachamento
Cronica Controle de treinamento  (n=8) Curl-up (rep); 1 Static back
Radiacéo: Média:35.6 de resisténcia Agachamento 1 Ponte lateral
Sem SD: 9.7 da parte (rep);
superior e Static back (s);
inferior do Ponte lateral (s)

14
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COrpo - pesos
livres,
academia e
peso corporal

Bello, Género: Grupo de 8 semanas Exerciciosde  Caminhadana Eletromiografia 1 Ativagdo do
2018 Masculino e estabilizagdo (3 vezes na estabilizagdo esteira (Hz) multifidos
Feminino Média:42.2 semana) (n=25) Exercicio < Exercicios de
Classificagdo: ~ SD: 12.91 4 Exercicios —  (n=25) estabilizacdo
Cronica Esteira Protocolo Protocolo
Radiac&o: Média: 46.6 deMcGil Bruce
Sem SD: 11.6 modificado

< Nenhuma diferenca significativa, 1 Aumento significativo, | Diminuic&o significativa, < Significativamente maior
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3.2 Avaliacéo da Qualidade Metodologica

A Tabela 2 mostra que a pontuacéo do PEDro variou de 3 a 8 pontos. Dos itens da escala
PEDro, nenhum dos estudos pontuou nos itens 5 (sujeitos cegos) e 6 (terapeutas cegos). Em
contraste, todos os estudos pontuaram no item 10 (entre as comparagdes dos grupos). Seis
estudos 1718 212330 foram classificados com alta qualidade metodolégica (PEDro > 6). A

pontuacdo média da escala PEDro foi de 5,42.



Tabela 2. Escala PEDro
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Ano, titulo 1 2 3 4 5 6 7 8 9 10 11 Total
Critérios Alocacdo Alocacdo Comparabilid  Sujeitos Terapeutas Avaliador <15%dos  Andlise Comparacdo  Estimati
De Aleatéria oculta ade da linha cegos cegos cego abandonos da entre grupos vas
elegibilidade de base intencéo pontuais
de tratar e
variabili
dade
Chok, 1 1 0 1 0 0 0 0 0 1 1 4
1999
Mannion, 1 1 0 1 0 0 0 1 0 1 1 5
2001
Rittweger, 1 1 0 1 0 0 0 1 0 1 1 5
2002
Maul, 1 1 0 1 0 0 0 0 0 1 1 4
2005
Harts, 1 1 1 1 0 0 1 1 1 1 1 8
2008
Kell, 2009 1 1 0 1 0 0 0 0 0 1 1 4
Macedo, 0 1 1 0 0 0 1 0 0 1 1 5
2010
Bronfort, 1 1 1 1 0 0 1 1 1 1 1 8
2011
Smith, 1 1 0 1 0 0 0 1 1 1 1 6
2011
Franca, 1 1 1 1 0 0 1 1 1 1 1 8
2012
Bruce- 0 1 0 1 0 0 0 1 0 1 1 5
Low, 2012
Alp, 2014 1 1 0 1 0 0 1 1 0 1 1 6
You, 2015 0 1 0 1 0 0 0 0 0 1 1 4
Lomond, 1 1 0 1 0 0 1 1 0 1 0 5
2015
Knox, 1 0 0 1 0 0 1 1 0 1 1 5
2017
Cortell- 1 1 0 0 0 0 0 0 0 1 1 3
Tormo,
2018
Bello, 1 1 1 1 0 0 1 1 1 1 1 8

2018
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4. DISCUSSAO

Esta revisdo teve como o objetivo investigar o efeito do exercicio fisico na forca, resisténcia e
ativacdo dos musculos extensores da coluna em pessoas com dor lombar ndo especifica. O
resultado da maioria dos estudos incluidos demonstrou que as intervencdes de exercicios tiveram
efeitos superiores em comparagdo com controles ativos e passivos para o tratamento de pessoas

com dor lombar crénica néo especifica®!7 182431,

O tratamento para as pessoas com dor lombar ndo especifica deve ser focado em algo
que essa populacdo possa fazer por um longo periodo, e qualquer tipo de tratamento deve
aumentar os beneficios ao longo do tempo®. Ao longo prazo, fisioterapia e exercicios fisicos sdo
as escolhas mais usadas no tratamento de pessoas com dor lombar ndo especifica®. As
intervengdes realizadas nos estudos incluidos nesta revisdo s&o todas classificadas como
exercicios de treinamento resistido. Como mostrado na literatura, a pratica do exercicio fisico traz
diversos beneficios, podendo melhorar a forga dos musculos extensores da coluna lombart®30,
melhorar a mobilidade®*®, reduzir a incapacidade funcional*”?? e dor'®%, e aumentar a resisténcia
muscular®®, Uma revisdo sistematica realizada em 2015 por Searle et al. identificou que o
exercicio fisico € mais eficaz do que as terapias convencionais para o tratamento de dor lombar
crénica ndo especifica, no entanto, ainda ndo se tém um consenso de que fatores e tipos de

exercicios sdo responsaveis por tais melhoras®.

Em estudos anteriores, exercicios de estabilizacdo lombar demonstraram evidéncia no
tratamento de dor lombar ndo especifica, ja que sua énfase é aumentar a estabilidade dindmica da
coluna por meio do aumento de forca e resisténcia dos musculos do tronco®*. Na nossa revisio, 0s
estudos que utilizaram exercicios de estabilizacdo tiveram como desfecho, aumento da resisténcia
dos musculos abdominais®® e extensores da coluna??®, maior ativagdo dos musculos

multifidos'”** e aumento da forca muscular®.

Existem vérios fatores que levam ao desenvolvimento da dor lombar, incluindo a baixa
resisténcia dos musculos extensores da coluna. O teste mais utilizado para a avaliar essa
resisténcia, € o Teste de Sorensen. A andlise da eletromiografia (EMG) em pacientes com dor

lombar apresentou uma frequéncia mediana significativamente menor na regido toréacica e na
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regido lombar, sugerindo que individuos com dor lombar tem uma fatigabilidade do tronco maior
do que individuos saudaveis®*=34. Evidéncias anteriores de varios estudos demonstraram por meio
da eletromiografia que os extensores lombares sdo ativados durante a realizacdo de varios
exercicios resultantes de treinamento agudo®. Além disso, o treinamento de resisténcia aumenta

a amplitude da eletromiografia e a forca muscular!?.

Os musculos multifidos em conjunto com o transverso do abdome e os musculos do
assoalho pélvico possuem o papel de estabilizar a coluna. Qualquer alteragdo na ativacao
muscular, pode levar o individuo a ter uma biomecanica anormal*’. No estudo de Bae et al.,
pessoas com dor lombar apresentaram uma menor espessura dos musculos extensores da coluna
em comparagdo com pessoas saudaveis®®. Estudos anteriores investigaram a ativagio e fadiga
muscular do tronco em pacientes com dor lombar por meio da eletromiografia e foi demonstrado
que o local com maior alteracdo patologica esta na regido onde os musculos multifidos estéo
localizados?®. Evidéncias anteriores de varios estudos demonstraram que os extensores lombares
sdo ativados (EMG) durante a realizaco de varios exercicios resultantes de treinamento agudo®’.
Os estudos incluidos na nossa revisdo, sugerem que 0S exercicios resistidos promovem maior
forgat8-1923.2527-2830 o major resisténcia muscular'®225-28 destes misculos em pacientes com dor

lombar.

Na literatura, conseguimos identificar outras revisdes sistematicas que mostram que as
intervencdes que utilizam o exercicio fisico sdo eficazes e seguras sobre resultados subjetivos,
como reducéo da dor 2, limitacGes funcionais 3%%° e incapacidade 3°. Os artigos incluidos em
nossa revisdao mostram que as intervencdes de exercicios também podem melhorar resultados
objetivos, como forca musculart®19232528-30 resjsténcia muscular®821:25-2831 g gtividade muscular
elétrical’?22427  Assim, para aplicagdo na pratica clinica, intervencdes de exercicios, de
preferéncia treinamento resistido, podem ser recomendados para pessoas com dor lombar nao

especifica.

Nosso estudo teve como fator limitante, a ndo realizacdo de uma metanalise para
identificar se o exercicio fisico é superior quando comparado ao controle ativo e passivo, e a falta

de classificacdo do nivel de confiabilidade das evidéncias dos estudos incluidos nesta revisdo.
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5. CONCLUSAO

As intervencOes de exercicios sdo eficazes em aumentar a forga, resisténcia e ativacado
dos musculos extensores da coluna em adultos com dor lombar ndo especifica e devem ser

incorporadas a pratica clinica.
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The authars must follow the Prefermed Reporting Items for Systematic Reviews and Meta-
Analyses [PRISHA) cheddist to format their systematic reviews. The cheddist is available
at hittp:/fwww.prisma-statement.orgfPRISMAStatement/ Default.aspe and must be filled in and
submitted with the manuscripk-

Potential authars are encouraged to read the followi tutorial, which cortains the manimuom
requirements for publication of systematic reviews in the * Manoini MC, Cardoso MR, Samipaio RF,
Costa LOH, Cabral CMMN, Costa LOP. Tutorial for writing systematic reviews far the Brazilian Jowmnal of
Physical Thempy (BIFT). Braz 1 Phys Ther 2014 Now-Dec; 18(6):471-480.

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

tools: studies that 2im to translate and)or cross-oulurally adapt foreign questionnaires to a language
other than that of the original version of existing assessment instruments. The authors must wse the
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checklist (Appendix) to format this type af paper and adhere to the other recommendations of the
BIPT. The answers to the checidist must be submitted with the manuscript. &t the time of submilssion,
the authors must also indlude written permission from the authors of the ariginal instrument that was
transiated and/or coss-culturally adapted.

f) Methodological studies: shsdies cemtered on the development andfor ewaluation of
clinimetric properties and charactenstics of assessment instruments. The authors are encouraged
to use the Guidelines for Reporting Reliabidty and Agreement Studies (GRRAS) to fonmat
methodalogical papers, in .udgrlglm to following BT instructions. Important: dies  that
report  electromyographic  resuits must  folliow the Standards for Reporting EMG  Data
recomimended by ISEE [(International Society of Electrophysiology and Kineswlogy), available at
hittp - wreew. isek.org wp-oontent) upload 572001 5005 Standards-for-Reporting-EMG-Data.pdf.

g) Qinical trial protocols: The BWT welcomes the publication of dinical trial protoools. We anly
accept trial protocols that are substantially funded, hawve ethics approval, hawe been prospectively
registered and of very high guality. We expect that clinical trial protocols must be nowel and
with a large sample sze. Finally, avthors hawe o prowide that the clinical trial s on s first
stages of recruitment. Authars showld use the SFIRIT statement while formatting the manusoript
(http:/ fwwe. spint-statement.arg). Funding solely based upon scholarships or fellowships are nat
conskdered as substantially funded.

h} Short communications: the BAFT will publish one short communication per issue (up to siv 2
year] in a format simidar to that of the original articles, containing 1200 words and up o twa figures,
one tabde, and ten references.

i} Masterciazs articles: This type of article presents the state of art of any topic that is impartant
to the field of physical therapy. All masterdzss arbides are invited manuscripts and the authors must
be recognized experts in the field. However, authors can send e-mails to the editor in chief with an
expression of inkerest to submit a masterdlass article to the BIPT.

Submission checklist
¥ou can use this st to carmy out a final check of yowr submiszion befare you send it ta the jowmail for
review. Please check the relevant ssction in this Guide for Authors for more deksils.

Ensure that the following items are present:

One authar has been designated as the commesponding authar with contact details:
& E-mail address
& Full postal address

&ll necessary files have been uploaded:

Manwscrpd:

# Inclisde keyaords

& Al figures (inchude nelesant captions)

« All tables {indluding titles, desoiptian, footnates)

& Ersure all figure and table deations in the text match the files provided
& Indicate cleardy f color should be used for any figures in prnt
Graphicai Abstracts / Highlights files (where applicable)
Supplemental files (where applicabie)

Further considerations

& Manusoript has been ‘spell checked' and ‘grammar checked’

& All references menticned in the Reference List are cited in the text, and vice versa

# Permission has been obtained for use of copyrighted material from other sources (induding the
Intermet)

# & competing interests statement is provided, ewen if the authors have no competing interests o
dedlare

# Journal palicies detailed in this guide have been reviewed

& feferee suggestions and contact details provided, based on journal reguirements
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For furtheer infarmaticn, wisit owr Suppart Center.

BEFORE YOU BEGIN

Ethics in pubirshing
Pleaze see our information pages an Ethics in publishing and Ethical guidelines for journal publication.

Stwdies in humans and animals

If the work involves the use of human subjects, the author should ensure that the work desoribed
has been camed out in sccordance with The Code of Ethics of the World Medical &ssociation
{Declaration af Helsinkd) for expenments imeolving humans. The manuscorpt shaould be in line with the
Recommendations for the Conduct, Reporting, Editing and Publication of Scholarty Wark in Medical
Jourmals and aim for the indusion of representative heman populations (sex, age and ethridby) as
per those recommendations. The tenmes sex and gender showld be used oomecthy.

Authors should include a statement in the manwescript that informed consent was obtained for
expenmentation with human subjects. The privacy rights of human subjects must akways be chseraed.

&ll animal ewpenments should comply with the ARRIVE guidelires and should be camed out in
accordance with the UK. Animals (Soentific Proosdwres) Act, 1986 and assodated guedelines, EU
Directhee 2010,/6 32U for animal experiments, or the National Institutes of Mealth guide for the care
and use af Laboratory animals (NIH Publications Mo, B0X3, revised 1978) and the authars should
clearly indicate in the manuscript that such guidelines have been followed. The sex of animals must
be indicated, and where appropriate, the influence (or assodation) of sex on the results of the study.

Declaration of inferest

&ll auvthors must disdose any financial and personal relationships with other people or organizations
that could mapprapriately infleence (bias] their work. Examples of patential competing interests
indude employment, consultancees, stock ocwnership, honorana, paid expert testmony, patent
applications/registrations, and grants or other funding. Authors must disclose any imterests in tao
places: 1. & summary declarmtion of interest statemnent in the title page file (f double-blind) or the
manuscript fibe [if single-blind b If there are no interests to declare then please state this: ‘Dedlarations
of imterest: none’. This summary statement will be ultimately pu ed if the article & accepted.
2. Detailed disdosures as part of a separate Declaration of Interest form, which forms part of the

joumal’s official records. It i impartant for potential interests to be declared in both places and that
the imformation matches. More infarmation.

Submigsion declaralion and verification

Submission of an article imples that the work desoribed has not been published previoushy (exoept in
the form of an abstract, a published |edture or academic thesis, see "Multiple, redundant or concurrent
publication’ for more information), that i is not under consideration for publication elsewhere, that
its publication is approwved by all authors and tacitly or ewplicitty by the responsible avthorties where
the work was camed aut, and that, f aocepted, it will not be published elsewhere in the same form, in
Eth or in any other language, induding electranically without the written consent of the mg,'ngl'il:-
halder. Ta verify ariginality, your articke may be chedeed by the ariginality detection service Crossref
Similarity Check.

Uge of inclusive language

Inclusive language acknowledges diversity, convweys respect to all people, is sensithee to differences,
and promotes equal opportunities. Content should make no assumptions about the beliefs or
commitments of any reader; cont=in nothing which might imply that one indnadual 5 supenar o
another on the grounds of age, gender, race, ethnicity, culture, sexual orientation, disability ar health
condition; and use inclusive [anguage throwghout. Suthars should ensure that witing is free from bias,
sterectypes, slang, reference to dominant culture andfor cultural assumptions. We advise to seek
gender neutrality by using plural nouns (“cliniclans, patientsfdients®} as defauit/wherever possible
to avoid using *he, she,” ar *hefshe.” We recommend avaiding the use of descriptors that refer to
persanal attributes such =5 age, gender, race, ethnioty, culture, sexual orentation, disability or health
condition wuniess they are relevant and valid. These guidelines are meant == a point of reference to
help identify appropriate language but are by o mears exhaustree or definithe.
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Authorship
All authears should have made substantial contributions to all of the following: (1) the conception and
design of the study, or acguisimon of data, or analysis and interpretation of data, (2] drafteng the
article ar resising it critically for important intellectual content, (1) final approval of the verzian ©
be submitted.

Changes o aulhorship

Authors are expeced to consider carefully the kst and order of authors before submetting ther
manuscript and prowide the definitive list of authars at the time of the orginal submission. Amy
addition, deleticn or rearrangement of avthor names in the autharship st should be made andy
before the manusoipt has been accepted and anly if approved by the journal Editor. To request swsch
a change, the Edmor must receive the following from the correspond author: (a) the reason
for the change in awvther list and (b)) wrtten confirmation {e-mail, ketter] mom all authors that they
agres with the addition, removal or reamangement. In the cse of addition or remosal of awsthors,
this includes confirmation from the author being added or removed.

Only in exceptional droumstances. will the Bditor consider the addition, deletion or rearmangement of
authors after the manwescript has been accepted . While the Editor considers the requeest, publication
of the manwscript will be suspended. If the manwscript has already been published in an online issue,
any reguests approved by the Edibor wall result in a cormigendum.

Clinical trial resciis

In line with the position of the Intemational Committes of Medical Joumal Editors, the jourmal will nat
consider results posted in the same dinical trals registry in which primany registration resides to be
prior pubdication if the results posted are presented in the form of a8 brief structured (less than SO0
words) abstract or table. However, divulging results in other cnoumstances (2.9, investors’ mestings)
is discovraged and may jeopardise corsideration of the manusoript. Authors should fully disdose all
pasting in registries of results of the same or dasely related wark-

AEporting chnical fals

Randomized controlled trizls should be presented acoording to the OONSORT guidelines. &t manusoipt
submission, authors must provide the CONSORT chedkist acocompanied by a flow diagram that
illsstrates the progress of patients theowgh the trial, including recruitment, enroliment, randomization,
withdrawal and completion, and a detailed description of the randomicaton procedene. The CONSORT
checidist and template flow diagram are avsilable online.

Hegistration of cinical trials

Registration in a public trals registry is a8 condition for pubbcaton of dinkcal trials n this journal
in accordance with Intemational Committee of Medical Jourmnal Editors reecommendations. Trials
must register at or before the onset of patient enrodment. The dinical trial registration number
should be included at the end of the abstract of the artide. & clinecal trial is defined 25 amy
research study that prospectively assigns human parbidpants or groups of hemans b one or more
health-related interventions o evaluate the effeds of health oubmomes. Health-related nterventions
indude any intervention esed o modify 2 biomedical or health-related catcome: (for example drogs,
surgical procedures, devices, behavioural treatments, dietary nterventions, and process-of-care
changes ). Health outcomes incdude amy biomedical or health-rel ated measures ohtained in patients or
participants, induding pharmacokdnetic measures and adverse events. Purely observational studes
(those in which the assigniment: of the medical intervention is not at the disoretion of the investigator)
will not require registratian.

Copyright

Upon acceptance of an arbcle, authors will be asked to complete a Journal Fublishing Agreement’ [ s=e
more information om this) to assign to thebssociackn Brasileira de Pesquiss e Pos-Gaduacio em
Fisicterapia {ABRAPG-FT) the copyright in the manuscript and amy tables, illustrations or ather
material submitted for publication 2= part of the manusmipt (the *Article®) in all forms and meds
{whether now known or |ater developed), throughout the warld, in all languages, for the full
term of copyright, effective when the Article is aocepted for publicaton. &n e-mail will be sent o
the comesponding awthor canfirming recsipt of the manuscrnpt together with a “Journal Publishing
Agreement’ form or a link to the online verson of this agreement.

AUTHOR IMFORMATION PACK 22 Sep 2020 www. elsevercom)locate) b pt !

27



Suhsonibers may reproduwce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission aof the Publisher and ABRAPG-FT s required for resale
or distnibution outside the insttution and for all other derrvative warks, including compilations and
transiabions. If excerpts from other copyrighted works ane induded, the authon(s) must abt=in written
permission from the copyright owners and credit the sourceds) in the artide.

Auvthor rights
&z an author you [or your employer or institubion) hase certain rights to reuse yowr work. More
informiatian.

Elsevier supponts responsible shanng

Find out haw you can share your research published in this journal.

Role of the funding source

¥ou are requested to identify who provided financial support for the conduct of the reseanch and/or
preparation of the articke and to briefly describe the role of the sponsor{s), if any, in study design; in
the collection, analyss and interpretation of data; in the writing of the repart; and in the dedsion to

submit the articke for publication. If the funding source{s} had no such inwalvemnent then this should
be stabed.

Open access

Please visit our Open Access page fram the Journal Momepage for more information.

Elsevier Reseancher

Eesearcher Academy & a free e-learming platform designed to support early and mid-career
researchers throwghout their research journey. The “Leamn® enwironment at Researcher Acad
offers several interactnee modules, webinars, downloadable guides and resources to guide you throwg
the process of wmting for reseanch and guln&_llh peer resiew. Feel free to use these free resources
to improve your submission and navigate the publication process with sase.

Lanquage {usage and editing senices)

Please write your text in Lnud English [Amencan or British usage is aocepted, but naot a mitwne of
these). Authors who fisel ir English lenguage maruscript may reguire editing to eliminate possikle
grammatical or spelling emmars and to conform to correct sdentific English mary wish to use the English
Language Editing service asailable from Elsevier's Author Services.

Informed consent and patient details

Studies on patients or volunteers require ethics committes approval and informed consent, which
should be docsmented in the paper. Appropriate consents, permissions and releases must be obtained
where an author wishes to include case details or other personal information ar images of patients
and ary other individuals in an Elsevier publication. Written corsents must be retained by the author
but copies should not be provided to the journal. Only if s fically requested by the joumal in
exceptional drcumstances (for example if 2 legal sswee Hbﬂm authar must provide copies of the
consents or evidence that such consents have been obtained. For more information, please revies the
Elsevier Policy on the Use of Images or Personal Information of Patients or other Individuals. Unless
you hawve written permission from the pabent {or, where applicable, the next of kin), the personal
details of any pabent included in any part of the article and in any supplementary materials {induding
all illustrations and wideos) must be remaved before submission.

Submission

Our online submission systemn guides you stepwise through the process of entering yowr arbicle
details and uploading your files. The system converts your arbicle files ta a single PDF file used in
the peer-review process. Editable files (eg., Word, LaTeX) are ired to typeset your artide for
final publication. All comespondence, induding notification of the Editor’s decsion and requests for
revision, i sent by e-mail.

Swhmit youwr article

Pleaze submit your artice via https:/fweew evise.com/profilef api/navigate/BIPT.

PREFARATION

Dowbie-blind review

This journal uses double-blind resiew, which means the identibes of the authors are concealed from
thee reviewers, and vice wersa. More information s available on our website. To facltate this, please
include the following separately:
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file page (with autfor oetails):; This should indude the tite, authars' names, affiliations,
acknowledgements and any Dedaraton of Interest statement, and = complete address for the
comesponding author induding an e-mail address.

Hiinded manwscripd (mo author cetails): The main body aof the paper {incleding the references,
figures, tables and any ackonowledgements) should nat inclsde any identifying informatian, such as
the muthars' names ar affiliations.

tse of word processing software

It s impartant that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Maost formattin
codes will be removed and replaced on processing the article. In particularn, do not use the w
processar's aptions to justify text or to yphenate words. However, do use bold face, falics, subscripts,
supersoripts etc. 'When prepaning tables, if you are using a table gnd, wse only ane gnd for each
individual table and not & grid for each row. If no grid is used, vse tabs, ot spaces, to align columns.
The electronic text shauld be prepared in a way very similar to that of conventional manuscoripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether ar not you embed your figures in the text. See also the section on Electronic
bW ok,

To awoid unnecessary emors you are strongly advised to use the ‘spell-check’ and ‘grammar-check!
functions of your ward processar.

Article shriciinre

Subgivisian - tnnumbered sections

Dirvide your articke into clearty defined sections. Each subsecton is green & brief heading. Each heading
should appear on its own separate line. Subsectons shoukd be used as much as possible when ocross-
referencing text: refer to the subsection by heading as opposed to simply the text’.

Introduction

State the objectives of the work and provide an adeguate background, avoading a detailed lferature
survey or a summary of the results.

Material and methods
Pravide sufficient detail to aliow the work to be reprodeced.

Resulbs
Results should be clear and condse.

Discussion
This should explore the significance af the results of the work, not repeat them. A combined Results
and Descussion section is often appropriate. Awoid extensve ctations and discussion of published
literature.

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

I:Ithu'e-u mare than one appendio;, they should be identified as &, B, etc. Formulae and eguations in
appendices should be given sepamte numbering: Eg. (4.1), Eg. [A.2), etc; in 2 subsequent appendin,
Eg. (B.1) and so on. Similary for tables and figures: Tabde A-1; Fig. A.1, et

Exzential title page information
s Fithe. Condse and informative. Titles are often used in information-retrieval systems. &woid
abbreviations and formulse where possible.
s Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are acourately spelled. You can add your name beteeen
parentheses in your oen sonpt behind the English transiiteration. Present the suthors’ affilation
addresses (where the acual wark was done) below the names. Indicate all affillations with a lower-
case superscript ketter immeediately after the avthor's name and in front of the apnp riate address._
Provide the full postal address of each affiliation, induding the country name and, if availabie, the
e-mail address of each author

s Correspondiog awthor. Clearly indicate wha will handle comespondence at all stages of referesing
and publication, also past-publication. This responsibility indudes answening any future queries about
Methodalogy and Materials. Enswre that the e-mail address is given and that contact details

are kept up to date by the comresponding author.
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s Present/permament address. If an authar has moved since the work described in the arbide was
dane, or was wisiting at the time, a ‘Present address’ {or ‘Permanent address') may be indicated as
a footnote to that authaor's name. The address at which the suthor actually did the wark must be
retained as the main, affillsbon address. Superscript Ambic numerals are used for such footnotes.

Highlights

Highlights are mandatory far this journal as they help increase the discovershility of yowr artide wia
seanch engines. They consist of a short collectan af bullet points that capture the movel results of
your research as well as new methods that wene used duning the study (if any). Please have a look
at the examples here: example Highlights.

Highlights should be submitted in a arate editable file in the ondine submission system. Flease
use ‘Highlights' in the file name and indude 3 to 5§ ballet points {maximum 85 characters, induding

spaces, per bullet poant ).

Abstract

& concise and factual structured abstract s reguired. The abstract should brefly state the punpose of
the research, the principal results and major conclusions. An abstract & often presented separately
fram the article, o it must be abde to stand alone. For this reason, References should be avaided,
but if essential, then cite the authon(s) and year(s).

Keywords

Immediately after the absbract, provide a mavimem of & keywords, using American spelling and
a+aiding general and plural tenms and multiple concepts (@void, for example, ‘and’, ‘of’). Be spanng
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Acimowiedgements

Collate acknowledgements in a separate sectian at the end of the article before the references and do
nat, therefore, include them on the titie page, as a footnote to the ttle or otherwise. List here those
individuals wha provided help duning the research (e.g., providing language help, writing assistance
or proof reading the artide, etc. ).

Formatting of funding sources

List funding sownces in this standard way to fadlitate compliance to funder's reguirements:

Funding: This work was supported by the Mational Institutes of Health [grant numbers xoo, vyyy];
thee Balll & Medlinda Gates Foundation, Seattie, WA [grant number zzzz); and the United States Institutes
of Peace [grant number zaaa).

1t is not necessary to include detailed descriptions an the program or type of grants and awards. When
funding is froim & black grant ar other resources svailable to a niversity, college, or other research
institution, submit the name af the institute or organization that provided the funding.

If ma funding has been provided for the research, please indude the following sentence:

This research did nat receive any spedfic grant from funding agendes in the public, commeroial, or
rat-far-profit sectors.

[Fellcg

Follow internationally accepted rules and consentions: wse the intemationald system of units (SI). IF
other units are mentioned, please give their eguivalent im SI.

Math formulse

Please submit math equations as editable text and not s images. Present simple formulae in
line with normal text where possible and use the solidus () instead of a harizontal line for small
fractional terms, e.g., &Y. In principle, variables are o be presented in italics. Powers of e are often
mone canvenently denated by exp. Number consecutively any eguations that hawe to be displayed
separately from the text {if referred to explicitly in the text).
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Foatnotes

Foatnotes shaould be used sparingly. Number themn consecutively throughout the artide. Many word
processars can build footnotes inbo the text, and this feature may be used. Othersise, please indicate
the position of footnotes in the text and list the footnotes themselves separately at the end of the
article. Do nat include footnotes in the Reference list.

Artwork

Image manipulation

Whilst it is accepted that authars sometimes need to manipulate images for darfty, manipulation for
purpases of deception or fraud will be seen as sdentific ethical abuse and will be dealt with accordingly.
For graphécal images, this jowmal s applying the following policy: no speoific feature within an image
may be enhanced, obscwred, mowed, removed, or introduced. Adjustments of brightness, contrast,
or colar balance are acceptable if and as long as they do not ohsoure or eliminate any information
present in the original. Monlinear adjustments {(e.g. changes to gamma settings) must be disclosed
in the Figure: legend.

Electromic artwork
Gemeral points
# Make sure you use wniform lettering and sizing of your ariginal artwork.
+ Embed the used fonts if the application provides that option.
& Alm to use the following fonts in your lllustrations: &ral, Courier, Times New Roman, Symbol, or
s forts that ook similar.
# Wumber the illustrations acconding to their sequence in the tewt.
# Use & |ogical naming comeention for yowr artwork: files.
+ Prowide captions to iliestrations separately.
» See the illustrations dose to the desired dimensions of the published version.
» Subamit each illustration as a separate file.
# Ersure that color images are accessible to all, including those with impaired calor visian.

& detailed guide on electronic artwork is available.

'I"FI:;I‘II?.I“:I'I urged to wisit this site; some excerpts from the detalled information are given here.
(24

If wowr electranic artwork is created in a Microsoft Office application (Ward, PowerPaint, Excel) then

please supply ‘as is' in the native document format.

Regardiess of the application used other than Miorosoft Office, when your eledronic artwork is

finalzed, please *Save as’ or convert the images to one of the following formats (note the resolution

requirements for line drwings, halftones, and line/halftane combinations given belaw):

EPS (ar PDF): Vedor :i'awlrl;:_. embed all used fonts.

TIFF {ar JPEE): Calor org I|:| hs [halftones), keep to a minimum of 300 dpd.

TIFF [or JPEG Ell.'rnanp-ud {pure black & white pixeds) ine drawings, keep to a minimem of 1000 dpi.

TIFF [or JFEG): Combinations bémapped line/half-tone [cofor or grayscale), keep to 2 minimum of

500 dpi_

H—:-F"d-u not:

s Supply files that are optimized for screen use (e.g., GLF, BMP, PICT, WPG); these typically have a

low numbeer of pixels and limited set of colors;

# Supply files that are too low in resolution;

& Subamit graphics that are disproparticnately large for the content.

Codar arfwark

Please make sure that artwork files are in an acceptable farmat (TIFF {or 3PEG), EFS (or PDF) or MS
Office files) and with the cormedt resalution. If, together with yowr accepted article, you submit uzable
color figures then the journal will ensure, at no additicnal charge, that these figures will appear in
color online (e.g., SciencelMrect and other site<). Further information on the preparation of electronic
arbwork.

Ifwstration senices

Elsevier's Author Services offers [lustrabon Services to authors preparing to submit a manusorigt bt
concermed about the quality of the images accompanying their artide. Blsevier's expert illustratars
can produce sdentific, technical and medical images, as well as a full range of charts, tables
and graphs. Image 'palishing’ is also available, where owr illustrators takoe your image(s) and improve
them to a professional standard. Flease visit the website to find out mone.
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Figume capbians

Enswre that each illustration has a capton. Su l.r-mnl:ll:rn: separately, not attached ta the figure. A
caption showld comprise a brief title [r-ﬂ: an th % itsedf j and a desomption of the illustration. Keep
text im the illestrations themselves toa maninmem but explain all symbols and abbreviations ussd.

Tabiles

Please submit tables as editable text and not 2s images. Tables can be placed either next to the
redevant text in the artide, or on separate page(s) at the end. Mumber tables consecutreely in
mrenrdarce with Bhesar u|:||]5|a.urunﬂ|: in the text and place any table notes below the table body. Be
spanng in the use of and ensure that the data presented in themn do not deplicate nesults
described elsewhers in the arbide. Plesse awvaid using vertical rules and shading in table celis.

References

Citation & hext

Ploase enswre that ewery meference oted in the text is also present in the reference st {and vioe
wersa). Any references cted in the abstract maust be given in full. Unpublished resuvits and persanal
communications are not recommended in the reference: list, but may be mentaned inthe text. If these
references are induded in the reference list they should follow the standard reference style of the
i|n:||.-'l1ﬂ and should inclhisde a suhstitution of the publicabion date with efther ‘Unpublshed results” or
Perrsonal communicatian®. Citaticn of a reference as %in press’ implies that the itermn has been accepted
for publication.

Aeference Mnks

Inoreased decowerability of research and high quality peer review are ensured by online links o
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