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RESUMO

A dor cervical € uma das principais causas musculoesqueléticas de anos vividos
com incapacidade em todo o mundo. Pacientes com dor cervical persistente
apresentam desequilibrios neuromusculares, como por exemplo, aumento da
atividade dos flexores superficiais concomitantemente com reduc¢ao da atividade dos
flexores profundos. Para o tratamento destes pacientes que apresentam algum tipo
de desequilibrio neuromuscular, o exercicio € consenso nas diferentes diretrizes de
pratica clinica. Apesar da literatura vigente demonstrar que exercicios realizados
com o uso de feedback extrinseco promove efeitos superiores do que exercicios
sem feedback extrinseco, os estudos falham em reportar adequadamente quais
caracteristicas de feedback foram utilizadas. Além disso, a literatura também suporta
que algumas caracteristicas promovem efeitos positivos, enquanto que outras
caracteristicas podem inclusive piorar o aprendizado motor. A auséncia de clareza
de informacgdes sobre as caracteristicas de feedback utilizadas pode ser um reflexo
do desconhecimento dos fisioterapeutas sobre quais caracteristicas sao
consideradas ideais e quais prejudiciais. Ademais, um dos possiveis testes
frequentemente utilizados pelos fisioterapeutas para identificar algum desequilibrio
neuromuscular em pacientes com dor cervical cronica é o teste de flexdo
craniocervical (TFCC). Os mesmos procedimentos do teste também s&o utilizados
como forma de treinamento com feedback extrinseco. Entretanto, a propriedades de
medida do TFCC ndo foram adequadamente revisadas, com um instrumento
indicado para avaliagao do risco de viés dos estudos sobre este tema. Dessa forma,
esta tese consiste em 3 estudos conduzidos para responder as atuais lacunas na
literatura sobre: 1) o conhecimento dos fisioterapeutas a respeito de caracteristicas
adequadas de feedback extrinseco; e Il) as propriedades de medida do TFCC. Para
identificar o conhecimento dos fisioterapeutas brasileiros sobre caracteristicas de
feedback extrinseco, foi realizado um estudo transversal com um questionario
administrado on-line. Duzentos e quarenta e seis fisioterapeutas brasileiros
participaram do estudo. Os resultados desta pesquisa indicam que os fisioterapeutas
brasileiros ndo tém conhecimento suficiente sobre as diferentes caracteristicas de
feedback extrinseco, embora o consideram util e o utilizem na maioria de seus
pacientes. Os fisioterapeutas brasileiros adotam caracteristicas de conteudo

adequadas. No entanto, existem inconsisténcias relacionadas ao seu conhecimento



e as evidéncias atuais, principalmente em relacdo as caracteristicas de tempo. Para
verificar a qualidade das propriedades de medida do TFCC, foi realizado tanto um
protocolo como uma revisdo sistematica da literatura sobre o tema. Quatorze
estudos foram incluidos. Existe um nivel de evidéncia positivo e moderado para
confiabilidade inter e intraexaminador e validade convergente. A classificacdo e o
nivel de evidéncia para validade discriminativa sdo conflitantes. O erro de medida é
indeterminado, com nivel de evidéncia desconhecido. A responsividade é negativa
com nivel de evidéncia limitado. O TFCC €& um teste valido e confiavel que pode ser
usado na pratica clinica como teste de avaliagdo. Devido as evidéncias conflitantes e
de baixa qualidade, atualmente € aconselhavel cautela ao usar o TFCC como teste
discriminativo e como medida de desfecho. Futuros ensaios clinicos devem ser
desenvolvidos para verificar se exercicios com caracteristicas adequadas de
feedback extrinseco produzem efeitos estatistica e clinicamente superiores quando
comparados a exercicios convencionais (como o exercicio de flexdo craniocervical)

em pacientes com dor cervical.

Palavras-chave: Feedback extrinseco; Exercicio terapéutico; Teste de flexdo

craniocervical; Propriedades de medida.



ABSTRACT
Neck pain is one of the main musculoskeletal causes of years of living with disability
worldwide. Patients with persistent neck pain have neuromuscular imbalances, such
as changes in coordination between muscles (for example, increased activity of
superficial flexors concomitantly with reduced activity of deep flexors). For the
treatment of these patients who present some type of neuromuscular imbalance,
exercise is a consensus in the different clinical practice guidelines. Although the
current literature demonstrates that exercises performed using extrinsic feedback
promote superior effects than exercises without extrinsic feedback, studies fail to
adequately report which feedback characteristics were used. In addition, the
literature also supports that some characteristics promote positive effects, while other
characteristics may even worsen motor learning. The lack of clear information about
the feedback characteristics used can reflect the physical therapists lack of
knowledge about which characteristics are considered ideal and which are harmful.
In addition, one of the possible tests frequently used by physical therapists to identify
any neuromuscular imbalance in patients with chronic neck pain is the craniocervical
flexion test (CCFT). The same test procedures are also used as a form of training
with extrinsic feedback. However, the measurement properties of the CCFT have not
been adequately reviewed, with an instrument indicated for assessing the risk of bias
in studies on this topic. Thus, this thesis consists of 3 studies conducted to answer
the current gaps in the literature on: ) the knowledge of physical therapists regarding
adequate feedback characteristics; and Il) the measurement properties of the CCFT.
To identify the knowledge of Brazilian physical therapists on extrinsic feedback
characteristics, a cross-sectional study was conducted with a questionnaire
administered online. Two hundred and forty-six Brazilian physical therapists
participated in the study. The results of this research indicate that Brazilian physical
therapists do not have sufficient knowledge about the different characteristics of
extrinsic feedback, although they consider extrinsic feedback useful to use in most of
their patients. Brazilian physical therapists adopt appropriate content characteristics.
However, there are inconsistencies related to their knowledge and current evidence,
especially in relation to timing characteristics. To verify the quality of the
measurement properties of the CCFT, both a protocol and a systematic review of the
literature were carried out. Fourteen studies were included. There is a positive and

moderate level of evidence for inter- and intra-examiner reliability and convergent
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validity. The classification and level of evidence for discriminative validity are
conflicting. The measurement error is indeterminate, with an unknown level of
evidence. Responsiveness is negative with a limited level of evidence. CCFT is a
valid and reliable test that can be used in clinical practice as an assessment test.
Due to conflicting and low-quality evidence, caution is currently advised when using
the CCFT as a discriminative test and as an outcome measure. Future clinical trials
should be developed to verify whether exercises with adequate extrinsic feedback
characteristics produce statistically and clinically superior effects when compared to
conventional exercises (such as craniocervical flexion exercise) in patients with neck

pain.

Key-words: Extrinsic feedback; Therapeutic exercise; Craniocervical flexion test;
Measure properties.
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APRESENTAGAO

Este trabalho consiste na Tese de Doutorado intitulada “O Uso de Feedback
Extrinseco na Avaliagdo e Tratamento de Desordens Motoras”, a ser apresentada ao
Programa de Po6s-Graduagdo em Ciéncias da Saude da Universidade Federal de
Ciéncias da Saude de Porto Alegre, em vinte de margo de 2020. Essa pesquisa foi
avaliada e aprovada pelo Comité de Etica em Pesquisa (CEP) da Universidade
Federal de Ciéncias da Saude de Porto Alegre, conforme parecer consubstanciado
numero 3.594.833.

A motivagdo deste trabalho se originou apds o desenvolvimento de uma revisao
sistematica intitulada “Effectiveness of Physiotherapy interventions plus Extrinsic
Feedback for neck disorders: A systematic review with meta-analysis”, publicada no
periodico “Musculoskeletal Science and Practice” (Apéndice 6.1). ApoOs a
interpretacdo dos achados deste trabalho, vislumbramos uma lacuna cientifica e
possibilidade de desenvolvimento de uma linha de pesquisa capaz de aprofundar os
conhecimentos sobre a importadncia do emprego mais adequado das diferentes
caracteristicas de feedback extrinseco no tratamento de pacientes de variadas

condicdes clinicas, especialmente de pacientes com dor cervical.

Essa tese € composta pelos seguintes itens: apresentagao, revisdo da literatura,
justificativa, objetivos e trés manuscritos cientificos. O primeiro manuscrito intitulado
“‘Knowledge of extrinsic feedback characteristics: a survey of brazilian physical
therapists” foi submetido para apreciacdo do corpo editorial do peridédico “Brazilian
Journal of Physical Therapy”. O segundo intitulado “Measurement properties of the
craniocervical flexion test: a systematic review protocol”, foi publicado no periodico
‘BMJ Open”. O terceiro manuscrito, intitulado “Measurement properties of the
craniocervical flexion test: a systematic review” foi aceito para a publicagdo no

periodico “Physical Therapy Journal’.
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1 REVISAO DA LITERATURA

1.1 INTRODUCAO

A dor cervical € uma das principais causas musculoesqueléticas de anos vividos
com incapacidade em todo o mundo (JAMES et al. 2018). Mais de 80% dos
individuos experimentam dor cervical durante a vida, com 30-50% da populacéo
adulta em geral relatando esta queixa anualmente (HOGG-JOHNSON et al. 2009).
Entre 50% e 75% das pessoas que sofreram um episédio de dor cervical ainda
sofrerdo algum sintoma de um a cinco anos apos o episodio inicial (CARROLL et al.
2009). A prevaléncia aumenta com a idade e € mais comum em mulheres na quinta
década de vida (CROFT et al. 2001). Esta alta prevaléncia é responsavel por um

grande impacto econdmico e social (HOY et al. 2014).

A prevaléncia da dor cervical relatada em diferentes estudos € bastante variada (de
16.7%—75.1%, por exemplo) em parte devido a diferentes formas de classificacdo da
dor cervical e metodologias empregadas na literatura epidemiologica sobre o tema
(HOGG-JOHNSON et al. 2009; FEJER et al. 2006). Essa variagdo limita a
capacidade de comparar ou combinar dados entre os estudos para chegar a um
consenso. Apesar destas variagdes, geralmente os pacientes sao classificados entre
pacientes com dor cervical especifica ou inespecifica. Essa diferenciacdo € parte
crucial da avaliacao fisioterapéutica, e reforgada por diferentes diretrizes de pratica
clinica, uma vez que a dor cervical especifica pode ser oriunda de alguma leséo
mais grave como fratura, infeccdo ou tumor, e, neste caso, o tratamento
fisioterapéutico pode agravar a condi¢gdo clinica do paciente (BIER et al. 2018;
BLANPIED et al. 2017; COTE et al. 2016; BUSSIERES et al. 2016). Por outro lado, a
dor cervical inespecifica ndo tem uma fonte de dor identificavel com precisao e a
elicitagcdo nociceptiva pode ser de qualquer uma das principais estruturas inervadas
na area cervical, incluindo articulagdes facetarias, ligamentos, musculos e discos
intervertebrais (GUZMAN et al. 2009). O Neck Pain Task Force determina que,
embora a causa seja inespecifica, dor cervical € uma experiéncia sensorial e
emocional desagradavel associada a dano tecidual real ou potencial na regido do
pescoc¢o, entra a linha nucal superior e as espinhas das escapulas, com ou sem

irradiagcéo para cabega, tronco e membros superiores (GUZMAN et al 2009).
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O curso clinico da dor cervical é variavel. Para a maior parte dos pacientes (entre 80
a 85%) a historia natural é favoravel e uma recuperagédo € esperada entre 6 e 12
semanas apos o episddio inicial, especialmente para causas traumaticas
(STERLING et al. 2010). Entretanto em muitos casos o progndéstico ndo é tao
positivo, e a dor cervical pode apresentar uma caracteristica de recorréncia. Por
exemplo, 23% dos individuos que se recuperam de um episédio de dor cervical
sofrerdo um episddio subsequente (COTE et al. 2004). E esse justamente o grupo
de pacientes que necessita de mais atencdo tanto no aprofundamento cientifico,
como na avaliacdo e identificacdo precoce por parte dos clinicos. Para esses
pacientes, frequentemente, a dor cervical € uma desordem biopsicossocial complexa
com sintomas fisicos e psicolégicos associados. Neste cenario, a dor cervical esta
associada a diminuicdo da qualidade de vida relacionada a saude, diminuicido da
produtividade no trabalho, limitagbes diarias das atividades e aumento da utilizagao
da assisténcia médica (COTE et al. 2016)

Além dos fatores psicossociais que precisam ser investigados e bem enderegados,
outros pacientes com dor cervical persistente apresentam desequilibrios
neuromusculares, como por exemplo diminuigao da forga muscular (MIRANDA et al.,
2019; O’LEARY et al. 2007), diminuigdo da resisténcia muscular (OLIVEIRA et al.
2016; FALLA et al. 2007) atraso no inicio da ativagcdo dos musculos cervicais
(FALLA et al. 2004), e alteragbes na coordenagao entre os musculos (por exemplo,
aumento da atividade dos flexores superficiais concomitantemente com atividade
reduzida dos flexores profundos cervicais) (JULL e FALLA, 2016). Alteragbes
estruturais na morfologia dos musculos cervicais, como atrofia e infiltrado adiposo
(ELLIOT et al. 2015), e inclusive alteracbes na representacdo no cértex motor
primario dos musculos flexores cervicais superficiais e profundos (ELGUETA-
CANCINO et al. 2019) também podem ocorrer em pacientes com dor cervical. Essas
alteragcbes podem contribuir para a perpetuacédo dos sintomas em pacientes com dor
cervical cronica (LINDSTROM et al. 2011).

Devido a etiologia complexa e multifatorial, que inclui fatores psicossociais e
musculoesqueléticos, diferentes propostas de subclassificacdo dos pacientes com
dor cervical sdo apresentadas com o objetivo de agrupar pacientes com

caracteristicas mais homogéneas e, assim, ofertar um programa de tratamento mais
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bem direcionado para cada grupo. Dentre as quatro diretrizes de pratica clinica mais
recentes, trés (BIER et al. 2018; COTE et al. 2016; BUSSIERES et al. 2016) adotam
a classificagdo do Neck Pain Task Force (GUZMAN et al. 2009). Esta classificagéo
divide os pacientes entre pacientes com dor cervical e desordens associadas ou
pacientes com whiplash e desordens associadas, e, posteriormente, graduam os
pacientes em |, Il, Ill ou IV, de acordo com a severidade dos sintomas, envolvimento
de patologias mais sérias e interferéncias nas atividades de vida diaria. Sendo o
grau |, pacientes com nenhum sinal ou sintoma sugestivo de patologia estrutural
importante e nenhuma ou menor interferéncia nas atividades da vida diaria, e o grau
IV pacientes com sinais ou sintomas de patologia estrutural importante (como uma
bandeira vermelha, por exemplo). Enquanto que apenas a diretriz produzida pela
associacdo americana de fisioterapia adota a proposta do sistema de tratamento
baseado em subclassificagdo (BLANPIED et al. 2017). Nesta classificagcdo os
pacientes ndo sédo separados entre whiplash ou n&o. A categorizagdo dos pacientes
também em ocorre em quatro grupos, mas nao necessariamente baseado na
severidade e sim em caracteristicas das queixas relatadas e observadas durante a
anamnese e exame fisico (BLANPIED et al. 2017). Neste caso, os pacientes séo
divididos entre: 1) pacientes com dor cervical e problemas de mobilidade; 2)
pacientes com dor cervical e problemas de coordenag¢do (desordens associadas ao
whiplash); 3) pacientes com dor cervical e cefaleia cervicogénica; e 4) pacientes com

dor cervical com irradiacdo para 0 membro superior.

Apesar das diferentes classificacbes e das consequentes diferentes formas de
manejo baseadas nas evidéncias atuais para cada uma, dentre as muitas
abordagens de tratamento propostas para a dor cervical, o exercicio se mostra uma
alternativa eficaz para a reducdo da dor e melhora da incapacidade, especialmente
para os pacientes com dor cervical crénica (BERTOZZI et al. 2013; GROSS et al.
2015). De fato, o exercicio & consenso nas diferentes diretrizes de pratica clinica e é
recomendado para todos os subgrupos de classificagdo, com excegdo do grupo IV
da classificacdo do Neck Pain Task Force que apresenta bandeiras vermelhas
(BLANPIED et al. 2017; COTE et al. 2016; BUSSIERES et al. 2016). Mesmo que o
exercicio seja consenso entre as diretrizes e indicado para todos os pacientes,
parece que um grupo de pacientes pode ser mais beneficiado. Este grupo seria
composto por pacientes que apresentam algum tipo de
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descoordenagéao/desequilibrio muscular, correspondente ao grupo de dor cervical e

problemas de coordenagao da diretriz americana.

Para estes pacientes, diversos programas de fortalecimento especificos
demonstraram ser eficazes na redugé&o da dor e incapacidade cervical (GROSS et
al. 2015; JULL et al. 2009; ANDERSEN et al. 2013). No entanto, existem evidéncias
limitadas sobre qual programa € mais eficaz e, atualmente, n&do ha consenso sobre
qual tipo de exercicios de fortalecimento é superior (COX et al. 2019). Os programas
variam desde exercicios mais globais, incluindo reforco de musculos escapulares
(ANDERSEN et al. 2013), até programas mais especificos, direcionados aos
musculos flexores cervicais profundos, como Longo do Pescogo e Longo da Cabecga,
considerados musculos estabilizadores da regido cervical (LLUCH et al. 2013; JULL
et al. 2009).

Tendo em vista que os exercicios sdo considerados uma abordagem indispensavel
no tratamento de pacientes com dor cervical crénica que apresentem algum tipo de
desequilibrio muscular, e que a cronicidade € capaz de promover alteracoes
neuromusculares inclusive a nivel central (ELGUETA-CANCINO et al. 2019;
PELLETIER et al. 2015), uma possivel forma de incrementar os resultados dos
exercicios seria a adi¢ao de algum tipo de feedback extrinseco, capaz de promover
estimulos n&o apenas localmente no sistema musculoesquelético mas também no
sistema nervoso central (OLIVO, 2018). De fato, uma recente revisdo sistematica
observou que a adigdo de feedback extrinseco a um programa de exercicios
promoveu uma reducdo estatisticamente superior da dor quando comparados ao

programa de exercicios isolados ou a um grupo controle (DE ARAUJO et al. 2017).

Entretanto, além da qualidade da evidéncia observada nesta revisao ter sido muito
baixa em decorréncia do alto risco de viés dos estudos incluidos, os estudos
incluidos n&o reportaram quais caracteristicas de feedback extrinseco foram
utilizadas nos seus programas de tratamento. Dessa forma, n&o foi possivel concluir
se o0s estudos adotaram caracteristicas mais ou menos adequadas, e,
consequentemente, ainda existe uma lacuna na literatura sobre o efeito do uso
adequado de feedback extrinseco como forma de tratamento de pacientes com dor

cervical cronica.
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1.2 CARACTERISTICAS DE FEEDBACK EXTRINSECO

Para o aprendizado de uma nova tarefa motora o corpo humano vale-se de
informacdes sensoriais aferentes que podem ser provenientes de um sistema de
feedback intrinseco ou extrinseco (SCHMIDT e WRISBERG, 2008; GENTILE, 1998).
No feedback intrinseco a origem da informagdo se da através do sistema
somatosensorial, enquanto o feedback extrinseco se refere ao feedback externo ao
fisiologico, que, através de elementos provenientes de uma fonte externa (aparelho
de biofeedback de pressao, ou instrugcdes e corre¢cdes do fisioterapeuta, por
exemplo), € usado para aumentar a cognigdo de um individuo sobre o que esta
ocorrendo fisiologicamente no corpo (SCHMIDT e WRISBERG, 2008; RIBEIRO et al.
2011). Ambos sao importantes para informar o sistema motor sobre como ele esta
desempenhando ou corrigindo os movimentos (LAMETTI e WATKINS, 2016).

Embora ambas as formas de aprendizado ocorram concomitantemente, teoriza-se
que o feedback extrinseco seja o principal componente num primeiro momento de
obtengdo de um novo comportamento motor. O fornecimento dessa informagéo
geralmente € dado por terceiros ou por referéncias advindas do ambiente que cerca
0 paciente/praticante. A medida que o sujeito se torna mais proficiente, o
desenvolvimento intrinseco se sobressai, torna-se mais automatizado, e o paciente
necessita menos de informacdes externas ao corpo para aperfeicoamento da tarefa
(STEENBERGEN et al. 2010).

Pacientes com diferentes condi¢des clinicas podem apresentar uma perda de
fun¢des neuromusculares (FALLA e FARINA, 2008; FALLA et al. 2004), levando ao
comprometimento do uso das informagbes intrinsecas. Nesses casos 0 uso
feedback extrinseco (ou aumentado) como ferramenta para melhora do
desempenho, seja de atletas (SCHMIDT e WRISBERG, 2008) ou em um contexto de
reabilitagdo (DE ARAUJO et al. 2017; RIBEIRO et al. 2011; RIBEIRO et al. 2011b) é
pratica corriqueira dos profissionais que lidam com movimento. Neste sentido,
fisioterapeutas comumente utilizam alguma forma feedback extrinseco como parte
do tratamento de pacientes com acometimentos no sistema musculoesquelético (DE
ARAUJO et al. 2017; RIBEIRO et al. 2011; TSAO et al. 2010), neuroldgico
(SUBRAMANIAN et al. 2010; VAN VLIET e WULF, 2006; MERIANS et al. 2002) e
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uroginecologico (PAINTER et al. 2007). O uso de feedback extrinseco pode ser
realizado através de diferentes instrumentos como biofeedback eletromiografico
(PIETROSIMONE et al., 2015), ultrassom (ELLIS et al. 2018; POTTER et al. 2012),
realidade virtual (MERIANS et al., 2002) e biofeedback de pressao (Jull et al., 2008).

Existem diversas caracteristicas diferentes para a apresentacao e fornecimento do
feedback extrinseco, como por exemplo a quantidade de feedback (constante ou
intermitente); o momento em que é fornecida a informagdo (durante a pratica ou
apos finalizar a tentativa); o modo que essa instrugdo chega ao paciente (tatil,
sonoro ou visual), entre outras (SCHMIDT e WRISBERG, 2008).

Primeiramente, o feedback extrinseco pode ser fornecido de duas formas, também
definidas como a natureza do feedback extrinseco: conhecimento de resultados e
conhecimento de desempenho (SCHMIDT e WRISBERG, 2008). O conhecimento de
resultados informa sobre o resultado ou a consecugao do objetivo / alvo de uma
determinada tarefa (MAGILL, 2003). Por exemplo, um paciente pode ser informado
de que foi capaz de transferir 40% do peso corporal para a perna hemiplégica, com
balancas de banheiro sendo usadas para medir o resultado, ou que o numero de
milimetros de espessura de determinado musculo aumentou durante uma contragéo
monitorada em tempo real por ultrassom. Enquanto que o feedback de
conhecimento de desempenho informa sobre as caracteristicas de um movimento ou
tarefa realizada (MAGILL, 2003). Por exemplo, o fisioterapeuta pode dizer ao
paciente que o joelho precisa ser mais estendido para suportar mais peso na perna
hemiplégica, ou demonstrar um video da imagem do ultrassom realizada durante a
contragdo de um musculo profundo abdominal. Existe um debate a respeito de qual
destas duas formas de fornecimento de feedback extrinseco seria mais adequada e
ndo existe ainda um consenso sobre isso (HENRY e TEYHEN, 2007).

Além disso, as diversas formas de fornecer feedback extrinseco e as diferentes
caracteristicas podem ser posteriormente divididas em dois dominios principais:
conteudo e tempo (MAGILL, 2003). Caracteristicas de conteudo referem-se a
atributos do foco de intervencdo do feedback extrinseco, por exemplo como os
resultados do feedback extrinseco sao apresentados e o tipo de foco de atencéo
associado a ele. Enquanto que as caracteristicas de tempo se referem a todos os
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atributos relacionados a quando o feedback é fornecido durante o treinamento motor
(MAGILL, 2003) (Figura 1 e Tabela 1). O momento em que, e o modo no qual o
feedback extrinseco é fornecido, bem como o estagio de aprendizagem em que o
paciente se encontra, afetam o sucesso da aprendizagem motora (HENRY e
TEYHEN, 2007).

I Type of extrinsic feedback |

I Feedback characteristics |

Content

4

Timing

v

1) Program
Feedback that targets the general pattern
of movement.
2) Parameter
Feedback that targets specific
component of the whole movement
pattern.
3) Summary
Feedback information is pooled and
provided after a specific number of trials
4) Average
Mean values (mean error or
performance score) of a group of trials is
provided.
5) Bandwidth
The error magnitude that is considered
to distinguish between successful and
unsuccessful trials
6) Focus of attention
a. Internal
Feedback focus subject’s
attention to body movement
features
b. External
Feedback focus subject’s
attention to the effect of the
movement.

1) Concurrent
Feedback provided
simultaneously to task execution.
2) Terminal
Feedback provided after task
execution.
a. Immediate
Feedback is provided
immediately after task
execution
b. >
There is a time interval
between the end of the task
and feedback provision.
3) Frequency
a. Constant
Feedback is provided at every
trial.
b. Reduced
Feedback is provided for a
fraction of trials (c.g. 5 trials
with and 5 trials without
feedback).
c. Self-controlled
Feedback provision depends
on subject’s decision.

Figura 1. Caracteristicas de Feedback Extrinseco
Fonte: RIBEIRO et al. 2011




Main term definitions for content and timing characteristics.

Content characteristics
Program feedback

Parameter feedback
Summary feedback
Average feedback
Bandwidth

(error magnitude)
Internal focus of attention

External focus of attention

Timing characteristics
Concurrent feedback

Terminal feedback
Immediate
Delayed

Frequency
Constant

Reduced

Self controlled

Feedback related to the

general pattern of movement.
Feedback related to a specific
component (part) of the whole
movement pattern.

Feedback is pooled and

provided after a specific

number of trials.

Feedback provided refers to mean
values (mean error or performance
score) of a group of trials.

The amount of error that is
considered to distinguish between
successful and unsuccessful trials.
Feedback drives learner’s attention
to body movement characteristics.
Feedback drives learner's attention
to the effect of the movement.

Feedback is provided simultaneous
to task execution.

Feedback is provided after

task execution.

Feedback is provided immediately
after task execution;

Feedback provision is delayed
after the end of the task execution.

Feedback is provided at every trial.
Feedback is provided for a fraction
of trials (e.g. 30%).

Feedback provision depends on
learner's decision.
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Tabela 1. Definicbes das Caracteristicas de Feedback Extrinseco
Fonte: RIBEIRO et al. 2011b

Entretanto, algumas evidéncias sugerem que estas caracteristicas podem tanto
melhorar como inclusive prejudicar a performance e o aprendizado motor (RIBEIRO
et al. 2011). Ao considerar o uso de feedback extrinseco, as caracteristicas do gesto
ou tarefa em questdo, assim como caracteristicas do paciente, devem ser levadas
em consideragcdo. (HENRY e TEYHEN, 2007; RIBEIRO et al. 2011). Por esse
motivo, antes de fornecer feedback extrinseco, as caracteristicas de conteudo e
tempo devem ser cuidadosamente selecionadas (RIBEIRO et al. 2011b).

Diversas evidéncias apontam para as caracteristicas mais adequadas para um

melhor aprendizado motor e eficiéncia no uso do feedback extrinseco. Essas
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caracteristicas consideradas ideais estdo elencadas na Tabela 2. Por exemplo,
dentre as diferentes caracteristicas de conteudo e de tempo, a literatura cientifica
atual sugere que as caracteristicas mais adequadas sao:

1) Feedback resumido (summary feedback): no feedback resumido, ou
feedback de média, varias execugdes de um determinado exercicio devem ser
conduzidas sem feedback, seguidos pelo fornecimento de um feedback ja resumido
com informagdes mais efetivas comparadas aos desempenhos anteriores (RIBEIRO
et al. 2011);

2) Foco de atencdo externo: instrugbes que direcionam a atencdo das
pessoas para os efeitos de seus movimentos no ambiente, induzindo assim o
chamado foco de atencgéo "externo", sdo mais eficazes para a aprendizagem do que
instrucdes que direcionam atencdo aos proprios movimentos ou indu¢gao de um foco
'interno’' (VAN VLIET e WULF, 2006; WULF, 2013; WULF e LEWTHWAITE, 2016);

3) Feedback atrasado: apresentar feedback instantaneamente apods a
conclusédo do movimento tende a criar uma forte dependéncia dele (VAN VLIET e
WULF, 2006), além disso, ao fornecer feedback atrasado (por exemplo, instrugéo
verbal ou feedback visual apds alguns segundos de execugdo do movimento), os
pacientes sdo encorajados a usar e organizar melhor as informacdes de feedback
intrinseco (somatossensorial) (ANDERSON et al. 2005);

4) Feedback ndo simultaneo: embora o feedback simultaneo tenha efeitos
muito fortes de melhoria de desempenho quando esta presente durante a pratica,
normalmente resulta em decréscimos claros de desempenho quando € retirado em
testes de retencao ou transferéncia, em relagdo ao feedback apresentado apds o
movimento (PARK et al. 2000; SCHMIDT e WULF, 1997);

5) Feedback intermitente, reduzido ou auto-selecionado (por exemplo, ndo
fornecer um feedback a cada execugdo de uma série de exercicios): esta
caracteristica de tempo pode resultar em aprendizado mais eficaz do que apresentar
feedback apds cada execucgado (feedback constante) (LAl e SHEA, 1998; WEEKS e
KORDUS, 1998). Sugere-se que, escolhendo quando receber feedback (feedback
auto-selecionado), os pacientes possam correlacionar melhor o input
somatossensorial com as informacdes do feedback extrinseco e o desempenho
motor (CHIVIACOWSKY e WULF, 2002).
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Ideal content and timing characteristics for feedback provision.

Domain of feedback Ideal characteristics

characteristics

Content characteristics Summary or averaged feedback
Use of bandwidth

External focus of attention

Timing characteristics Delayed feedback
Reduced frequency
Self-controlled feedback (provided upon
patient’s request)

Tabela 2. Carateristicas Ideais de Fornecimento de Feedback Extrinseco
Fonte: RIBEIRO et al. 2011

Apesar de existir um certo volume de evidéncia suportando os diferentes resultados
obtidos a partir da selecdo de diferentes caracteristicas de feedback extrinseco,
alguns estudos que utilizam do feedback extrinseco como parte de um tratamento,
nao reportam claramente quais caracteristicas foram utilizadas, impedindo uma
conclusdo mais definitiva (RIBEIRO et al. 2011b; DE ARAUJO et al. 2017). Além
disso, ao observarmos uma auséncia na clareza dessas informag¢des percebemos
uma possivel lacuna na literatura a respeito do conhecimento dos fisioterapeutas
sobre as diferentes caracteristicas de feedback extrinseco e a importancia da
selecao adequada destas caracteristicas. Afinal, seria a auséncia de entendimento
sobre as diferentes formas de feedback e suas influéncias na aquisicdo motora uma
possivel explicagdo para a baixa descrigdo das maneiras de entrega de feedback

utilizadas nas intervencdes?

1.3 TESTE E EXERCICIO DE FLEXAO CRANIOCERVICAL

Como descrito anteriormente, pacientes com dor cervical crénica frequentemente
apresentam diversas alteragdes neuromusculares, como por exemplo diminuigdo da
forca (O'LEARY et al. 2007; MIRANDA et al. 2019) e resisténcia musculares
(OLIVEIRA et al. 2016; FALLA et al. 2007), que podem perpetuar a sua condi¢gao
clinica. Para avaliar se o paciente com dor cervical possui uma destas tantas
alteragdes - o desequilibrio entre os musculos flexores cervicais superficiais e
profundos - e, portanto, seria indicado para um tratamento com exercicios (com ou
sem a adicdo de feedback extrinseco), os fisioterapeutas comumente realizam o
teste de flexdo craniocervical (TFCC).
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O TFCC foi desenvolvido para avaliar a capacidade de um individuo de recrutar
seletivamente os musculos flexores cervicais profundos (Longo do pescogo e Longo
da cabeca, por exemplo), mantendo baixos niveis de atividade dos musculos
flexores cervicais superficiais (por exemplo, Esternocleidomastoideo e Escaleno
anterior) durante a realizagdo do movimento ativo de flexdo craniocervical. Para
realizar o TFCC com uma unidade de biofeedback de pressao, o paciente é
posicionado deitado em decubito dorsal, com a coluna cervical em posi¢gao neutra.
Em seguida, o paciente executa um movimento suave de assentimento ativo da
cabeca. Durante esse movimento, o paciente tenta atingir cinco niveis diferentes de
pressdo, de 22 a 30 mmHg, evitando estratégias de compensacao (JULL et al. 2008)
(FIGURA 2).

Figura 2. Teste de Flexao Craniocervical
Fonte: JULL et al. 2008

A performance do paciente durante o TFCC é avaliada a partir da observagao
simultanea dos seguintes fatores: (1) a capacidade do paciente de executar a agéo
correta da flexdo craniocervical sem estratégias de compensacao; (2) a atividade
excessiva dos flexores superficiais do pesco¢o em associacdo com a atividade
reduzida nos flexores profundos do pescoco; (3) o nivel de presséo alcangado com o

correto ajuste craniocervical movimento de flexdo, sem atividade excessiva dos
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flexores superficiais. Para realizar a avaliacdo eletromiografica dos musculos
flexores cervicais profundos, sd&o necessarios meétodos invasivos (avaliagao
eletromiografica através de eletrodos via nasofaringe) (FALLA et al. 2003) (Figura 3).
Uma vez que ja foi demonstrada uma relagdo inversa entre a atividade
eletromiografica dos musculos flexores superficiais e profundos cervicais (JULL e
FALLA, 2016), tanto num ambiente clinico como em laboratorio, frequentemente

avaliam-se apenas os niveis de atividade dos musculos flexores superficiais.

Oropharynx

Connection to
suction tubing

-

Electrode

contacts

Figura 3. Demonstracao do método de analise eletromiografica via nasofaringe para a deteccgéao
da atividade dos musculos flexores cervicais profundos.
Fonte: FALLA et al. 2003

Os mesmos procedimentos realizados durante o TFCC podem ser utilizados como
forma de exercicio de fortalecimento enderecado aos musculos flexores cervicais
profundos. Além disso, a unidade de biofeedback de pressao também pode ser
usada como uma ferramenta de feedback extrinseco para facilitar o treinamento de
controle motor nesses pacientes (JULL et al. 2009; DE ARAUJO et al. 2017). De
fato, algumas evidéncias demonstram que o exercicio de flexdo craniocervical é

capaz melhorar a performance no TFCC e inclusive reduzir niveis de dor e
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incapacidade de pacientes com dor cervical cronica (LLUCH et al. 2013; FALLA et
al. 2013; O'LEARY et al. 2012; FALLA et al., 2012; JULL et al. 2009).

Entretanto, mesmo que evidéncias apontem uma melhora nos desfechos
relacionados ao TFCC e mesmo aos desfechos clinicos, € importante ressaltar
algumas limitagcdes destes estudos. Primeiramente, a maior parte dos estudos sobre
performance no TFCC foi realizado pelo mesmo grupo de autores, justamente o
grupo que idealizou o teste. Dois estudos que observaram efeitos estatisticamente
significativos na melhora da performance do TFCC e na redugdo da dor e
incapacidade, tiveram apenas um grupo de intervengdo, sem um grupo comparativo
(LLUCH et al. 2013; FALLA et al., 2012). Um estudo incluiu um grupo comparativo,
mas foi apenas um grupo controle e ndo um grupo comparando outro tipo de
exercicio ou abordagem terapéutica (FALLA et al. 2013). Apenas dois destes
estudos incluiu um grupo comparativo ao tratamento a partir do exercicio de flexdo
craniocervical, neste caso um grupo que realizou exercicios de reforgo muscular com
maior resisténcia, enderegado aos musculos flexores superficiais cervicais (JULL et
al. 2009), ou grupos submetidos a exercicios tanto de resisténcia como de amplitude
de movimento (O'LEARY et al. 2012). Ambos estudos observaram que o grupo que
realizou o exercicio de flexdo craniocervical obteve de fato uma melhora
estatisticamente significativa superior aos demais grupos na performance do TFCC,
entretanto, n&o foi observada diferenga estatisticamente significativa nos desfechos
clinicos (dor e incapacidade) (O'LEARY et al. 2012; JULL et al. 2009).

Além de observarmos uma caréncia de estudos bem delineados, comparando
diferentes formas de exercicio para a melhora do controle motor, mas também da
dor e incapacidade, essa auséncia de beneficios clinicos mais claros pode ocorrer
por dois motivos:

1) aparentemente o exercicio como € proposto apresenta algumas caracteristicas de
feedback adequadas e outras ndo recomendadas pela literatura vigente sobre o
tema. Por exemplo, o exercicio é conduzido com um foco de atengcdo misto (nem
totalmente interno nem totalmente externo, uma vez que as orientagdes podem se
referir a movimentos do pescog¢o, mas ao mesmo tempo o paciente mantém os olhos
no mandmetro), com o paciente recebendo constantemente o feedback e recebendo
imediatamente apds cada execugdo. Estas caracteristicas ndo sdo recomendadas
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como ideais. Porém, na auséncia de ensaios clinicos controlados e aleatorizados
comparando essa forma tradicional do exercicio com um grupo em que 0O exercicio
fosse realizado com um foco apenas externo, sem o feedback concomitante, com o
paciente recebendo o feedback resumido apos algumas execugdes e com um tempo
de atraso na entrega apds uma série de execugdes, ndo é possivel afirmar se de
fato os desfechos clinicos seriam diferentes.

2) é possivel que as propriedades de medida do teste ndo sejam suficientemente
capazes de detectar mudancas clinicamente importantes, e assim, os estudos
apresentam mudancas no teste, mas estas mudancas observadas nao refletem

clinicamente nos pacientes.

1.3.1 PROPRIEDADES DE MEDIDA DO TESTE DE FLEXAO CRANIOCERVICAL

Idealmente, as propriedades de medida (por exemplo, confiabilidade, validade e
responsividade) de um teste, como o TFCC, devem ser determinadas antes de sua
plena implementagcdo na pratica clinica (MOKKINK et al. 2010). A selecdo de
instrumentos com boas propriedades de medida € fundamental para uma pratica
clinica baseada em evidéncias e para conduzir ensaios clinicos bem delineados
(MOKKINK et al. 2009).

Mesmo que o TFCC seja amplamente utilizado tanto na pratica clinica como
académica, as suas propriedades de medida ndo foram bem determinadas. Apesar
disso, diferentes estudos que utilizam o TFCC reportam que o teste apresenta boas
propriedades como validade de construto e confiabilidade (JULL e FALLA, 2016;
JULL et al. 2009; FALLA et al. 2004). Essas propriedades foram avaliadas em
estudos individuais (FALLA et al. 2003; JUUL et al., 2013; JORGENSEN et al. 2014).
Porém, para que pesquisadores e clinicos tomem decisbes adequadas a partir dos
resultados observados nestes estudos, € fundamental que os estudos tenham sido
desenhados adequadamente e apresentem baixo risco de viés. Este tipo de analise
pode ser realizado através de revisdes sistematicas que sumarizem a literatura e

realizem uma avaliagdo da qualidade metodoldgica dos estudos incluidos.

Em uma revisao sistematica publicada em 2008, a unica propriedade de medida
relatada para o TFCC foi a confiabilidade intraexaminador (DE KONING et al. 2008).
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Essa revisdo tem limitagées, como numero limitado de estudos incluidos e métodos
desatualizados para avaliar o risco de viés e resumir a forga das evidéncias (LOHR
et al. 1996; BOT et al. 2004). Desde entdo, o numero de estudos publicados
avaliando as propriedades de medida do TFCC aumentou (JUUL et a. 2013; SOON
et al. 2010; ARUMUGAN et al. 2011; JAMES et al. 2010; JORGENSEN et al. 1014;
JORGENSEN et al. 2017; MARTINS et al. 2017). Além disso, o Consensus-based
Standards for the selection of health Measurement Instruments (COSMIN) foi
desenvolvido para avaliar o risco de viés de estudos individuais que exploram as
propriedades de medida de diferentes testes e instrumentos (MOKKINK et al. 2010),

e € a ferramenta mais indicada atualmente para este tipo de analise.

Além das limitagbes desta revisédo sistematica (DE KONING et al. 2008), a avaliagéao
de outras propriedades de medida além da confiabilidade intraexaminador, como por
exemplo validade interexaminador, validade discriminativa, confiabilidade, erro de

medida e responsividade do TFCC nao foram ainda sumarizadas.
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2 JUSTIFICATIVA

Diante do atual contexto apresentado, foram encontradas algumas lacunas na

literatura, a saber:

1) A auséncia de informagbdes adequadas sobre as caracteristicas de feedback
extrinseco reportada em estudos a respeito deste tema. Seria esta auséncia um
reflexo do desconhecimento dos fisioterapeutas sobre o assunto assim como o
desconhecimento dos fisioterapeutas sobre quais sao caracteristicas de feedback
extrinseco mais adequadas num contexto clinico de avaliacdo e reabilitacdo de

desordens motoras?

2) A auséncia de uma sumarizagdo sobre as mais diferentes propriedades de
medida do TFCC realizada a partir de uma analise adequada do risco de viés dos
respectivos estudos conduzidos sobre o tema. E importante entender se o TFCC é
realmente valido, confiavel, capaz de discriminar pacientes e sujeitos saudaveis e
capaz de identificar mudangas clinicamente importantes, para assim, futuramente,
conseguir afirmar se o uso de determinadas caracteristicas de feedback durante o
exercicio de flexao craniocervical promovem efeitos estatistica e clinicamente

superiores a outros exercicios convencionais.
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3 OBJETIVOS

3.1 OBJETIVO GERAL
- Identificar o conhecimento dos fisioterapeutas que atuam no Brasil sobre as
diferentes carateristicas de feedback extrinseco e verificar a qualidade das

propriedades de medida do TFCC.

3.2 OBJETIVOS ESPECIFICOS (Estudo |)

- Identificar o uso das diferentes carateristicas de conteudo de feedback extrinseco
pelos fisioterapeutas que atuam no Brasil;

- ldentificar o uso das diferentes carateristicas de tempo de feedback extrinseco
pelos fisioterapeutas que atuam no Brasil;

- ldentificar se fisioterapeutas que atuam no Brasil costumam realizar um teste de
retencdo para verificar o aprendizado motor, apdés um treinamento com feedback
extrinseco;

- ldentificar eventuais barreiras e fatores que influenciam o uso das diferentes

carateristicas de feedback extrinseco pelos fisioterapeutas que atuam no Brasil;

3.3 OBJETIVOS ESPECIFICOS (Estudos Il e Il

- Revisar sistematicamente a literatura a respeito das propriedades de medida do
TFCC;

- Verificar, a partir da avaliagdo com o COSMIN sobre o risco de viés dos respectivos
estudos sobre o tema, a qualidade da evidéncia para cada propriedade de medida
do TFCC.
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4 DESENVOLVIMENTO

A secdo de desenvolvimento sera apresentada a seguir na forma de ftrés
manuscritos. O primeiro submetido para apreciagcdo do corpo editorial do periddico
“Brazilian Journal of Physical Therapy”, o segundo ja publicado no periédico “BMJ

Open”, e o terceiro aceito para publicagdo no periodico “Physical Therapy Journal’.
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Highlights

- Most Brazilian physical therapists are unclear about the definition of extrinsic
feedback (EF);

- The most common types of feedback were verbal and visual; and mirror, photo or
video were the most common resources used;

- Brazilian physical therapists use adequate content characteristics according to best
practices;

- Brazilian physical therapists do not use the proper timing characteristics according
to best practices;

- Clinicians do not perform retention test for assessing motor learning.
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Knowledge and use of extrinsic feedback characteristics: A survey of current

practice among Brazilian physical therapists

Abstract

Objectives: This study aimed to identify the knowledge about the different
characteristics of and the use of extrinsic feedback (EF) by Brazilian physical
therapists.

Methods: This cross-sectional study used an internet-based survey with questions
about knowledge and application of extrinsic feedback in clinical practice. We
analyzed the responses in relation to the best available evidence on motor control
and learning. We recruited Brazilian registered physical therapists through the
Regional Physical Therapy Registration Boards of different regions in Brazil.
Participant demographics and survey responses were analyzed using descriptive
statistics.

Results: Two hundred and forty-six Brazilian physical therapists participated in the
study. Most participants affirmed not knowing the definition of EF (55.69%), use
some form of EF in their clinical practice (86.59%), and use it in 50 to 90% of their
patients (26.42%). Brazilian physical therapists mainly use summary feedback
(69.10%) with external focus of attention (63.41%). Participants mainly use
concurrent feedback (82.83%), and delivered it after every exercise repetition
(63.82%). Most participants (43.09%) do not carry out any type of learning retention
assessment.

Conclusions: The results of this survey indicate that Brazilian physical therapists do
not have sufficient knowledge about the different characteristics of EF, consider EF
useful and use it in most of their patients. Brazilian physical therapists adopt
adequate content characteristics of EF. However, there are inconsistencies related to
their knowledge and current evidence, especially regarding the timing characteristics
of EF.

Keywords: Feedback; Exercise Therapy; Motor learning; Therapeutic Exercise;

Survey.
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Introduction

When performing a motor task, humans rely on afferent sensory information to adapt
movement and successfully achieve the goal of that motor task.! Afferent sensory
information is also referred to as intrinsic feedback system."? Intrinsic feedback
refers to self-sensory perceptual information that is available as a result of movement
being performed, while extrinsic feedback (EF) refers to additional information
derived from an external source (e.g. the physical therapist or a biofeedback
device).>* Both are important for informing the motor system about how it is

performing or correcting movements.®

Patients with different clinical conditions (e.g. stroke, neck pain, low back pain,
lumbopelvic pain or urinary incontinence) may have impaired neuromuscular
function.>®® In addition, in some clinical chronic musculoskeletal disorders (e.g. low
back pain, neck pain or patellofemoral pain syndrome) motor cortex alterations have
a crucial role in the pathophysiology of movement.® To target neuromuscular
impairments, physical therapists commonly use some form of EF when managing
patients with musculoskeletal,*'®"" neurological®'*"® or urogenital disorders’ to
assist those patients in (re)learning a task or movement. Clinicians may offer EF
using different approaches (verbal, tactile or visual feedback) or different equipment
(electromyographic biofeedback,™ ultrasound,'® virtual reality’®, mirror or pressure
biofeedback)."’

EF can be offered to patients in different ways, and these are mainly based on the
content and timing characteristics of the EF. When treating patients, clinicians can
offer the EF with the following characteristics: 1) the amount of feedback (constant or
intermittent); 2) the time the information is provided (during practice, immediately the
exercise is completed or delayed — i.e. few seconds after the exercise is completed);
3) the focus of attention (internal or external); and 4) the way this instruction reaches
the patient (tactile, audible or visual).’

The largest amount of evidence on feedback characteristics comes from the field of

motor control and performance, conducted mainly with healthy participants and little

3,8,11,12

research has been done within physiotherapy and rehabilitation . Some
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evidence suggests that these characteristics may both improve and even hinder
performance and motor learning in healthy individuals.* For example, previous
research showed that feedback provided with summarized results, with external
focus of attention, intermittent, delayed and with reduced or self-controlled frequency
led to better clinical outcomes.®>*%'2! Therefore, seems that characteristics of EF

can also positively or negatively influence clinical outcomes when treating patients.

A recent systematic review reported the addition of EF to exercise therapy to be
more effective than exercise therapy alone or control for pain when managing
patients with neck pain.10 This review and another one focusing on patients with low
back pain reported that the included studies did not adequately report the
characteristics of EF used.'®'® Given the small number of studies exploring how
different characteristics of EF impact on clinical outcomes, physical therapists
possibly lack knowledge about the different characteristics and their influence in the

outcomes.

Therapeutic exercise has been considered a cornerstone for the rehabilitation of
several clinical conditions.?? Proper use of EF can promote better clinical outcomes,
such as reducing pain and improving balance and motor coordination than treatment
without EF.>'%" However, there is a gap in the current literature on the knowledge of
physical therapists about the different characteristics of EF. Therefore, this study
aims to identify the knowledge and use of Brazilian physical therapists about the

different characteristics of EF.

Methods

Study Design

This is a cross-sectional observational design utilizing an Internet-based survey of
Brazilian registered physical therapists. We followed the recommendation from the
Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)

statement.?®

This study was approved on May 10 2019, by the Ethics Committee of
the Universidade Federal de Ciéncias da Saude de Porto Alegre (CAE:
05024918.6.0000.5345). All participants read and accepted (electronically) the

informed consent form before answering the questionnaire.
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Participants

We included physical therapists, with valid certification by the Regional Physical
Therapy Registration Board, regardless of area of expertise or clinical experience.
According to data from the Federal Council of Physical Therapy and Occupational
Therapy, in 2017 there were 224,368 registered physical therapists in Brazil .
Assuming 5% of margin error and a confidence level of 90%, a minimum sample of
271 of responders was estimated as representative of the registered physical therapy
population in Brazil.

Survey Development

We could not find a valid and reliable survey that addressed the topic of this study.
Therefore, we developed a new questionnaire following recommended best practices
for developing questionnaires.?>?® Prior to conducting the survey, we piloted the
survey and conducted a “think aloud” interview and a test-retest reliability
assessment, to ensure our survey had content validity and was reliable. The pilot
version of the survey was answered and analyzed by a group of 20 physical
therapists’ and post-graduate students. During the pilot, we used a “think-aloud”
interview technique for gathering information from participants with regards to the
clarity of the survey questions and response options.?® We used data from this pilot
to revise the survey (questions and response options). Both pilot and final versions of

the survey were written in Portuguese.

The final survey consisted of 28 questions, with multiple-choice or Likert scales as
response options. The questions covered the following domains: 1) consent form; 2)
sociodemographic data; 3) current practice status; 4) knowledge and application of
EF in clinical practice; 5) usefulness and factors that influence the use of EF. The first
question about knowledge and application of EF in clinical practice asked whether
participants were familiar with the definition of EF. Following that question, we
presented a definition for EF to ensure participants contextualized the questions
when completing the survey. As there is evidence that attention span of respondents
may decline after 30 questions, we have chosen to not exceed 28 questions.?
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We conducted the test-retest reliability by collecting data with a four-week interval.
For the test-retest reliability, we collected data from a convenience sample of 18
physical therapists with different expertise areas.?

Survey Administration

The final survey was hosted on the Internet-based survey site, Google Docs, which
enabled secure and anonymous survey participation, and was applied between May
2019 and January 2020.

We contacted the Regional Physical Therapy Registration Board of 17 regions of
Brazil requesting support for the dissemination of the survey to all registered physical
therapists in their respective regions. All invitations were sent by Regional Physical
Therapy Registration Boards, without any participation of the researchers. This
ensured the anonymity of potential participants as well as to avoid intentional
targeting.

To maximize the response rate, the survey was written using colloquial language,
and one reminder email was sent approximately two months after the initial email to
all Regional Physical Therapy Registration Boards, requesting the Boards to resend
invitations to physical therapists.?” We used a snowballing technique,? as utilized by
Potter et al. (2012),16 which allowed recipients to forward the invitational e-mail to
colleagues for whom they thought it would be appropriate. No financial incentive was
offered, as previous research suggests that does not affect response rate.?®

Data Analysis

We exported data from Google Docs and analyzed it using the Statistical Package for
the Social Sciences software (SPSS 22.0, IBM Corp., Armonk, NY, USA). We
performed descriptive analysis to define the characteristics of the participants, the
absolute and relative frequency of responses. We presented data as frequencies and
percentages based on the number of valid responses per question. The test-retest
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reliability was analyzed with unweighted Kappa, considering the responses of the
sections on knowledge and application of EF on clinical practice. The following
criteria was used for interpreting unweighted Kappa coefficients: <0.00 poor
agreement; between 0.00 and 0,20 slight agreement; between 0.21 and 0,40 fair
agreement; between 0.41 and 0,60 moderate agreement; between 0.61 and 0,80
substantial agreement; and between 0.81 and 1.00 almost perfect agreement.*° All
data were independently analyzed, with no interference from Regional Physical
Therapy Registration Boards.

Results

Two hundred and forty-six Brazilian physical therapists participated in this study. The
reliability between responses on each question of the analyzed sections (knowledge
and application of EF in clinical practice and usefulness and factors that influence the
use of EF) over a 4-week interval with our convenience pilot sample ranged between

k=0.416 and k=1 (a moderate to almost perfect agreement).

Participants’ characteristics

Information about participants’ demographics and their clinical practice experience is
presented in Table 1. The majority of participants: were women (65.85%); aged
between 25 and 30 (25.20%) or 30 and 35 (27.24%) years old; graduated from a
private university (80.49%), within the last five years (32.52%) or nine years
(27.24%), and completed a master of coursework or residency program (41.87%).
Most respondents (77.24%) worked in the south of Brazil, treating patients (87.40%)
in a private company (44.31%), clinic (27.24%) or home care (21.95%) setting, with
interest on musculoskeletal area (65.45%).

Insert Table 1 Around Here

Knowledge and application of extrinsic feedback in clinical practice

Findings regarding knowledge and application of EF in clinical practice are presented
in Table 2. The majority of participants affirmed not knowing the definition of EF
(55.69%), use some form of EF in their clinical practice (86.59%), in about 50 to 90%
of their patients (26.42%). Most of respondents usually use verbal (87.40%), visual
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(76.42%) or tactile (66.26%) EF. Mirror (72.36%) or films and photos (49.59%)
showing the patients themselves are the most commonly used resources. The
average importance score for using EF for the participants was 7.77 (SD = 3.16),
based on a scale of 0 (no importance) to 10 (very important). Most participants
reported not having any barriers that prevent them from using EF (52.03%). The
remaining participants reported the following barriers: absence of adequate
instruments (23.98%), lack off training for the use of EF (15.85%), and the high cost
of purchasing equipment (13.01%).

Insert Table 2 Around Here

Content and Timing Characteristics of Extrinsic Feedback

The content and timing characteristics of EF most used are reported in Table 3.
Regarding the content characteristics, physical therapists mainly use summary
feedback (69.10%) with external focus of attention (63.41%). For the other
characteristics of EF, 52% of respondents informed using knowledge of performance,
and 47% of respondents informed using program feedback. Regarding the timing
characteristics, physical therapists mainly use concurrent feedback, with 82%
providing EF during exercise or after the execution of an exercise (82.83%), and 63%
of respondents confirmed using constant feedback (instead of using reduced
frequency or self-controlled feedback). Finally, most participants (43.09%) do not

carry out any type of learning retention assessment following an intervention period.

Insert Table 3 Around Here

Usefulness and Factors that Influence the use of EF

Approximately 59% of clinicians consider the use of EF useful for rehabilitation,
regardless of how it is offered to the patient. Approximately 40% consider that EF can
be useful for rehabilitation, but it can also delay motor relearning depending on how it
is offered to the patient (Table 4). In addition, the greatest influences on the choice of
whether to use EF comes from clinical experience (83.33%), scientific papers
(76.93%), and learning from courses (71.14%). Sixty-four percent of respondents
considered information from websites and blogs to have little influence on the choice
of EF (Table 5).



51

Insert Table 4 Around Here

Insert Table 5 Around Here

Discussion

Summary of main findings

This paper explored the knowledge and use of Brazilian physical therapists about the
different characteristics of EF. We found that the majority of the Brazilian physical
therapists use some form of EF in their clinical practice with most patients regardless
of not knowing the definition of EF. Respondents are unaware that EF may hinder
performance and motor learning during rehabilitation depending on the
characteristics chosen. Verbal and visual feedback were the most used types of EF,
whereas mirror, photo or filming were the resources most used. The main perceived
barriers preventing the use of EF were financial or high costs of equipment (such as
electromyography and ultrasound imaging), as well as, the lack of adequate training
on EF. Participants generally use appropriate content characteristics, such as
summary feedback with an external focus of attention. However, the timing
characteristics used by respondents were not in line with findings from the literature.
For example, constant feedback delivery during exercises is not recommended.® '8!
Few participants perform a retention test properly. Most participants consider
important the update through scientific evidence, however, the factor that most
influences the choice of EF characteristics for Brazilian physical therapists is the

clinical experience.

Strengths and weaknesses of the study

This study was carefully designed following the recommendations from STROBE
statement.? We verified the content validity of the survey in a pilot study, we
conducted a test-retest reliability analysis, we avoid intentional targeting due to the

non-participation of researchers in sending invitation e-mails, and we contact all
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Regional Physical Therapy Registration Boards in Brazil. Nevertheless, our study
also has some limitations. Despite our efforts to contact all Regional Physical
Therapy Registration Boards, and strategies to maximize the response rate, the
sample size was below the target sample size. The distribution of the sample was not
homogeneous (the vast majority of participants are from the southern region and
practiced within the musculoskeletal field). This may impact generalizability of our
findings as our sample might not be representative of all Brazilian physical therapists.
Despite our best efforts to engage with Registration Boards from all regions in Brazil,
not all were supportive of this project. However, a small sample size or low response

rate is often a limitation in survey studies' %1%,

Comparison with other studies

This study was the first to investigate Brazilian physical therapists use of EF, and that
prevents direct comparison with other studies. Similarly to previous surveys amongst

physical therapists,15'16’38v39

most of participants were female, graduated from private
university, completed a masters degree, worked treating patients, and practiced
within the musculoskeletal field. Our sample size (n = 246) was very close to our
target (n = 271), seems to reflect the professional characteristics observed in

Brazil,*° and are similar for those reported in other countries.'®16:314

In addition, similarly to previous surveys, clinicians reported practices that were not
always consistent with the current best-evidence.?'*?*%3 QOur findings present some
inconsistencies between the recommendations on the use of EF and the choices of
the respondents (especially regarding the timing characteristics, the retention test,
and the lack of knowledge that some characteristics can worsen motor learning). This
is probably due to barriers faced by physical therapists when implementing evidence-
based practice, as for example difficulty to obtain full-text papers, difficulty with the
language of publication of scientific papers, lack of evidence-based practice training

and difficulty to understand the statistics.*%

Meaning of the study

Although current evidence supports that EF should be provided with summarized

results, with external focus of attention, intermittent, delayed and with reduced or

3,4,8,18-21

self-controlled frequency, most physical therapists adopt a constantly and
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concurrently EF, which can worsen motor learning or cause a dependence on

feedback for the exercise/task to be performed correctly.3’21"‘2'44

According to Ribeiro et al. (2011),* with any treatment intervention, the selection of
appropriate EF should be based on careful stages of decision-making. For example,
if the patient is not familiar with the exercise or incapable of performing it, program
feedback should be provided.* Whereas, as the general motor task is mastered,
improvement of specific characteristics of movement should be targeted with
parameter feedback.! Brazilian physical therapists adopt both forms of feedback (i.e.
program and parameter feedback). The absence of an adequate motor skill
assessment, for example observed in the lack of retention testing, demonstrates that
these stages do not seem to be well accomplished.

The types of feedback most commonly used by participants are verbal and visual.
Verbal feedback can be an effective tool and inadequate verbal feedback can even
override the patient self-correct visual feedback in some situations.*® Provide verbal
knowledge of results feedback may be redundant when knowledge of results is
inherent in a task. Based on our survey, some clinicians offer excessive and
redundant feedback provided to patients, and this form of EF can hinder motor

learning.*?

These findings suggest that most of our sample of Brazilian physical therapists do
not have adequate knowledge about the different EF characteristics and the effects
provided by the choice of these different characteristics. The process of assessing
motor learning, planning and progressing treatment may not be adequate. This is due
to most participants not performing retention test for assessing motor learning and
deciding on EF use based on their own clinical experience, without little consideration
about best evidence on the use of EF for motor control and learning.

Conclusion

The results of this survey indicate that our Brazilian physical therapists sample do not
have adequate knowledge about the different characteristics of EF, consider EF

useful and use it in most of their patients. Verbal and visual were the types, mirror
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and photo or filming were the resources of EF most used. Brazilian physical
therapists adopt adequate content characteristics of EF. However, there are
inconsistencies related to their knowledge and current evidence, especially regarding
the timing characteristics of EF.
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Table 1. Characteristics of respondents (n = 246)

Characteristics n (%)
Gender

Female 162 (65.85)
Age (years old)

20 -25 20 (8.13)
25-30 62 (25.20)
30-35 67 (27.24)
35-40 43 (17.48)
40 — 45 30 (12.20)
45 - 50 13 (5.28)
50 - 55 7 (2.85)
55-60 2 (0.81)

> 60 2 (0.81)
Type of university (during graduate course)

Private 198 (80.49)
Public 48 (19.51)
Acting region

South 190 (77.24)
Southeast 9 (3.66)
Midwest 11 (4.47)
Northeast 35 (14.23)
North 1 (0.41)
Level of education*

Bachelor degree 65 (26.42)
Master degree of coursework / residency program 103 (41.87)
Master degree of research 65 (26.42)
Doctorate degree 14 (5.65)
Post-Doctoral degree 4 (1.63)
Time from graduation (years)

<5 80 (32.52)
5-9 67 (27.24)
9-14 52 (21.14)
15-20 28 (11.38)
20-24 12 (4.88)

> 25 7 (2.85)
Current practice*

Treating patients 215 (87.40)
Teaching 51 (20.73)
Research 43 (17.48)
Management 20 (8.13)
Others 9 (3.66)




Primary facility or setting type* 32 (13.01)
Hospital (public) 25 (10.16)
Hospital (private) 27 (10.98)
Outpatient rehabilitation center (public) 21 (8.54)
Outpatient rehabilitation center (private) 22 (8.94)
Basic health unit 43 (17.48)
Rehabilitation center (owner) 39 (15.85)
Rehabilitation center (employee) 10 (4.07)
Clinic 67 (27.24)
University clinic 2 (0.81)
Sports club 8 (3.25)
Private company (workplace physical therapy) 109 (44.31)
Home care 54 (21.95)
University 14 (5.69)
Research center 10 (4.07)
Others

Area of interest*

Musculoskeletal or orthopedics 161 (65.45)
Gerontology 57 (23.17)
Neurology 54 (21.95)
Cardiorespiratory 45 (18.29)
Sports 40 (16.26)
Health promotion 34 (13.82)
Public health 21 (8.54)
Workplace health 18 (7.32)
Women’s health 16 (6.50)
Dermatology 13 (5.28)
Oncology 12 (4.88)
Acupuncture 12 (4.88)
Others 41 (16.67)
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Table 2. Knowledge, application and barriers of EF in clinical practice

Questions n (%)
Have you heard about intrinsic and extrinsic feedback?

Yes 157 (63.82)
No 89 (36.18)
Do you know the definitions of “intrinsic” and “extrinsic”

feedback?

Yes 109 (44.31)
No 137 (55.69)
Do you use any form of EF in the treatment of your patients?

Yes 213 (86.59)
No 33 (13.41)
What type of EF do you usually use?*

Verbal 215 (87.40)
Visual 188 (76.42)
Tactile 163 (66.26)
With some additional resource/instrument 73 (29.67)
Other 2 (0.81)
Which resource or instrument do you use EF with?*

Pressure feedback 57 (23.17)
Electromyography 20 (8.13)
Ultrasound imaging 3 (1.22)
Virtual reality 20 (8.13)
Mirror 178 (72.36)
Filming or photos of the patient during some exercise 122 (49.59)
Other 25 (10.16)
What is the approximate percentage of patients that you use

some form of EF in your clinical practice?

All my patients 46 (18.70)
More than 90% of my patients 46 (18.70)
50 — 90% of my patients 5 (26.42)
10 — 50% of my patients 8 (19.51)
Less than 10% of my patients 17 (6.91)

| don't use it with my patients 24 (9.76)
What is the importance of using EF in your clinical practice? (0 Mean (SD)

= no importance, 10 = very important)

7.77 (3.16)




What are the main barriers that prevent you from using EF in
your clinical practice?*

| don't know what EF is

| have no interest in using EF in my clinical practice

| was not trained to use EF

| don't feel confident using EF

There are no equipment/instruments for using EF at my
workplace

The equipment | would like to use for EF are expensive

The use of EF is not appropriate for my patients

My patients fail to follow EF instructions

| don't have enough time during my treatment session to
include EF

| do not believe in the possible clinical effect of EF on my
clinical practice

There is insufficient scientific evidence for the effectiveness of
EF in clinical practice

No barrier prevents me from using EF in my clinical practice
Others

7
2
39
8
59

32
13
26
15
1

1

(2.85)
(0.81)
(15.85)
(3.25)
(23.98)

(13.01)
(5.28)
(10.57)
(6.10)
(0.41)

(0.41)

128 (52.03)

4

(1.63)

Legend: EF, extrinsic feedback; *, in this question participants could choose more than one answer;

SD, standard deviation.
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Table 3. Content and Timing Characteristics of EF Most Used

64

Content Characteristics Questions n (%)
How do you usually present feedback information to guide/correct the
exercise/movement?

| guide the patient to perform a certain task to achieve a goal (Knowledge of 101 (41.06)
results)

| worry about the movement or the gesture itself, not the task (Knowledge of 127 (51.63)
performance)

| do not use any of these forms of feedback 18 (7.32)
Which way do you usually provide feedback to guide/correct an

exercise/task?

Use Feedback to inform the patient about the most global pattern of 115 (46.75)
movement being performed (Program feedback)

Use Feedback to inform the patient about specific components of the 108 (43.9)
movement being performed (Parameter feedback)

| do not use any of these forms of feedback 23 (9.35)
With what focus do you usually guide/correct the patient to perform

the exercise/movement?

| advise the patient which muscles to contract and which joints to move 67 (27.24)
(Internal focus)

| advise the patient about the effect that the movement should have in 156 (63.41)
relation to an object or the external environment (External focus)

| do not use any of these forms of feedback 23 (9.35)
Which way do you usually deliver feedback to the patient?

| provide an average score (based on error or performance score) calculated 11 (4.47)
after a number of exercises/tests are performed (Average)

| provide qualitative feedback after several exercises / tests have been 170 (69.10)
performed (Summary)

| adopt an acceptable amount of error for the moment the patient is in the 56 (22.76)
rehabilitation process (Bandwidth)

| do not use any of these forms of feedback 9 (3.66)
Timing Characteristics Questions n (%)
When do you usually present feedback to the patient?*

While performing an exercise/task (Concurrent feedback) 204 (82.93)
Immediately at the end of the exercise / task (Terminal — immediate 36 (14.63)
feedback)

After some period (seconds or minutes) that the patient performed the 17 (6.91)
exercise/task (Terminal — delayed feedback)

| do not use any of these forms of feedback 11 (4.47)
With which frequency do you usually present feedback to the patient?

After performing each of the tasks/exercises (Constant feedback) 38 (15.45)
At the end of some series of the exercise (Reduced feedback) 26 (10.57)
Only when the patient requests (Self-controlled feedback) 9 (3.66)
Constantly throughout the execution of the exercise (Concurrent feedback) 157 (63.82)

| do not use any of these forms of feedback

16 (6.51)
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Retention Test Question n (%)

Do you usually measure the patient’'s motor learning (retention test)?

No, | just use feedback as a form of training 106 (43.09)
Yes, | repeat the same test/exercise without any feedback instrument atthe 50 (20.33)
end of the session to verify motor learning

Yes, | repeat the same test/exercise with the same feedback instrument at 22 (8.94)
the end of the service to check motor learning

Yes, | repeat the same test/exercise without any feedback instrument on the 32 (13.01)
patient's return (2 to 7 days after) to check motor learning

Yes, | repeat the same test/exercise with the same feedback instrumenton 21 (8.54)
the patient's return (2 to 7 days after) to check the motor learning

| don't use any of these forms of learning assessment 15 (6.10)

Legend: EF, extrinsic feedback; * In this question, participants could choose more

than one answer.

Table 4. Perceived usefulness of EF (n = 246)

EF is always EF can be useful  Feedback is

useful for for rehabilitation, a useless
rehabilitation, but it can also approach to
regardless of delay motor re- the
how it is offered learning rehabilitation

to the patient ~ depending on how
it is offered to the

patient
Perceived 144 (58.54) 99 (40.24) 3(1.22)
usefulness
n (%)

Legend: EF, Extrinsic feedback.

Table 5. Factors that influence the choice of type and characteristics of

EF (n = 246)

Factors influencing No Little Much
use of EF n (%) influence influence influence
Scientific papers 14 (5.69) 43 (17.48) 189 (76.93)
Books 18 (7.32) 113 (45.93) 115 (46.75)
Website/Blogs 60 (24.39) 156 (63.41) 30 (12.20)
Learning from 31 (12.60) 84 (34.15) 131 (53.25)
graduation

Learning from 17 (6.91) 54 (21.95) 175 (71.14)
courses

Clinical experience 8 (3.25) 33 (13.41) 205 (83.33)
Information from 20 (8.13) 95 (38.62) 131 (53.25)
networking

Patient’s preference 38 (15.45) 96 (39.02) 112 (45.53)

Legend: EF, Extrinsic feedback.
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and lomgus colli) while maintaining low activity levels of
the superficial neck flexors (eg. stermsdeidomastoid, anterior
.smlme) during an active craniocervical flexion in supine
lving.” 'I‘hxstulhaabccnmddvnsdmdnna]gncnct
to assess function of deep neck flexor muscles.”

To conduct the craniocervical flexion test with pres
sure biofeedback unit, the patient’s head is paositioned
in neutral, with patient in supine crook lyving. The test
consists of an active head nodding movement. Dunng
this movement, the patient attempts to target five
different pressure levels, from 22 to 30 mm Hg.™* This test
is performed with 2n extnsic zir-filled pressure biofeed-
back unit placed behind the neck. This device provides
feedback and direction for the patient to perform the test
andcnzblcsmotgccmcandqmnmmtmld’
the patient performance.” The performance of the testis
assessed through the following components: how well the
patient performs the active head nodding and achieves
that by contracting the deep cervical flexors without
contraction of superficial flexors), muscle endurance
(through isometric contraction) of deep cervical flexors
at cach test stages with appropriate craniocervical flexdon
contraction and quality and range of craniocervical mose-
ment in the sagittal plane (which is expected 1o increase
as the patient progress through the five different pressure
levels).* ™

Ideally, the measurement properties (eg, reliabilits,
validity and responsiveness) of an instrument or test, for
instance, the craniocervical flexion test with pressure
blofccdback unit, shouldbcasscscdbdommfuﬂlml:h\
mentation in clinical practice.”™ Selecting instruments
with proper measurement properties is fundamental for
well-conduced clinical trials.”™ Hence, systematic reviews
of measurement properties are useful for identfying
msmuncnlsandmdsmthxhch@mtrcﬁahﬂixv.nﬁdh
and rcsponsn'cncsscorcs.

A previous systematic review” evaluated the measure-
ment properties of methods 1o measure muscle function
in patients with non-specific neck pain. In this review,
the intraobserver reliability was the only measurement
property asscssed.” This review was conducted over 10
years ago, included only four studies and used 2 check-
list adapted from two previous studies”™ * Since then, the
number of published studics cvaluaring measurement
properties of craniocervical flexion test has increased.
In addition, new 1o0ols have been developed for assessing
methodological quality of individual studies exploring
measurement propertics of instruments (ie, Consen-
sus-based Standards for the selection of health Measure-
ment Instruments (COSMIN)).™ It is likely that 2 new
review evaluating the measurement properties of the
craniocervical flexion test with pressure biofeedback unit
will provide relevant insights on the state of research in
this ficld. This systematic review will critically appraise

and summarisc the quality of the measurement proper-
tics of the craniocervical flexion test for assessing decp
cervical fiexor muscles.

METHODS

Protocol and registration

This s 2 protocol for 2 systematic revicw that was reported
in accordance with the Preferred Reporting Items for
Swstematic Reviews and Meta-Analses Protocols (PR!S
MAP)." The systematic review has been registered with
Prospective Register of Systematic Reviews {PROSPERO)
(CRD42017062175).

Eligibility criteria

» Asrticles that have investigated and reported at least
onc measurcment property {ic, validity, refiability or
responsivencess) of the araniocervical flexion test for
assessing the decp cenvical flexor muscles.

Articles published in English.

Assessing participants older than 18 years,

Articles available in full text

Swmudies with both 2symptomatic and svmptomatic
indiaduals (including those with acute, subacute
and chronic neck pain with or without nerve root
compromise; neck-related shoulder pain, whiplash-as-
sociated disorders and neck disorders associated with
headache).
Studies assessing anly the effectiveness of interventions,
but not reporting measurement property outcomes of
pressure biofeedback unit for assessing motor control of
deep cervical flexor muscles will be excluded.

Y ¥ey

Outcomes

Al measurement properties will be considered as
outcomes in this systemanc review. We will adopt the
COSMIN terminology and definitions of measurement
properies.” Relizbility is defined as the degree to which
2 measurement is free from measurement error; validity is
the degree to which an outcome instrument measurces the
construct{s) it purports 1o measure and responsivencess is
the ability of an oulcome mstrument to detect change
ower time in the construct 1o be measured ~ Among these
For exampile, reliahility is further classified into reliability,
internal consistency and measurement crror; validity
comprises content vabdity, construct validity and criterion
validity.” For the purposes of this review, we will include
crties that are reported by included studies.

Search strategy

ton with 2 health sdences faculty librarian. Qur search
will include the following dambasess MEDLINE (via
PubMed), EMBASE, PEDro, Cochrane Cenitral Register
of Controlled Trals (CENTRAL), Scopus and Scicnce

2
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12 (lli{tipatient outcome assessmeant (Meshll OR flouicoms and process assessment Meshjl)) OR treatment outcome
OR ‘observer variation’ {tiab) OR ‘Heath Si=tus Indicators’ (Meshj O ‘reprocucihiity of results” MaeSH) OR
reproducid” fiab OR 'dscriminant analyss” (MeSH) OR refab"itabl OR unreiab” fiiab) OR valid™ {Sab) OR ‘coefficent
of variation'{tiab) OR coefficiant {Sab) OR homogensity {fat OR homogensousitiab) OR “mtamal consistency” ftiab)
OR (cronbach” {tiab) AND {aipha {8abj OR aiphas fahl)) OR am Sabj AND jcomeiztion” ftiab) OR sslection” {Sab) OR
kappa (tab) OR kappa's (tab) OR kappas {tiab} OR repeatab™itw) OR {frepiicab” fiw] O repeated {twj) AND {meaasure fiw}
OR measures fiw) OR findings (tw) OR result fiwj OR results ftw) OR t=st fiw) OR t=st= fwjj} OF generaliza” (tab} OR
group’ (tiab) OR “$actor anafysis’ fiab) OR factor araiyses’ Sab) OF factor structures” ftab) OR “factor strucaures’ (tiab)
(changs (tiab) OR difference (tabjj) OR ‘meaninghil change’ a3 OR ‘celing efect’ {tiab) OR Toor sfiect’ {tiab) OR Ttem
mmmmmmmmmmmmmmmmm ‘computer

b OR ‘cress-cuftwral @

3%  (iiMuscle, Neck (Tie/Abstract) OR Muscies, Neck (Te/Abs¥act) OR Neck muscie (Tie/Abstractil) OR Neck
muscies (MaSH Termslji} OR (ineck MaSH Tarms)) OR Necks Tea/Abstracy OF deep carvical fiexor* (Trle/Abstract) OR

mmawwmmﬂwwwmmmww

tion 1o present time using a published search flter for
finding studies on measurement properties.” MEDLINE
fullsearch strategy is described in table 1.

Data extraction

Two reviewers (FXA and MSS) will independently screen
titles and abstracts for eligibility. A third reviewer (MPO)
will resolve any disagreement. The full texz of potentiallv
cligible articles will be screened independently by two
reviewers (FXA and MSS). Dai from included studses
will be extracted independenty by the wo meviewers,
using 2 piloted datz collection form. Dam will then
be compared for accuracy, and disagreements will be
resolved by consensus. The following information will be
characteristics, measurement properties {eg, validity, rel-
zbility or responsivencss) assessed by incduded studics,

cramsocervical flexion test procedures and results of the
measurements properties.

Risk of bias within included studies

Two reviewers (FXA and GEF) will independently raie
!bcrdd’bmofm(ﬁslhﬂstndiﬁmngtheupdamd
QOSMIN risk of bias checklist ** The OOSMIN risk of bias
checklist is 2 validated cnitical appraisal tool designed for
the ssstemanc evaluzton of the methodological quaiin of
studies on the measurement properties.”. For each study,
only 2ppBczble domains 10 the study being assessed will
be used for 2ssessing the quality of the study.

ments between revicwers will be resolved by 2 third
reviewer (MPC).

Synthesis of resuits

A srructured narrzative synthesis will be used for data
analysis. Quantitative findings for cach measurement

Feauio FX, ot &l B8 (pen 2018 8 2015856 308 10 11350mepan-2017-513¢38
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Property Rating Quality criteria

Internal consistency -+ Cronbach's alphais) 20.70
? Cronbach's alpha not detarmined or unidmensionality unknown
- Cronbach's alphais) <0.70

MIC>SDC OR MIC outside the LoA

? MIC not defined
- MIC<SDC OR MIC equals or mside LoA

All items are considerad to be relevant for the construct to be measured, for the targst
population and for the purpose of the measurament AND the guestionnars is considerad to be
comprahensive

? Not enough information avaiiable

- Not all items are considerad 10 D2 relevant for the construct 1o be measurad, for the tarpst
population and for the purpose of the measurament OR the guestionnaire is considerad not to
be comprehensive

-ii imhmmMORnhﬁMdhm
ars in accordance with the hypotheses AND cormelations with related constructs are higher than
with unreiated constructs

? Solely correlations determined with unrelated constructs

- Correlations with instruments measuring the same construct<Q 500R

<75% of the results are in accordance with the hypothesas OR correlations with related
constructs are lower than with unreiated constructs

Convincing arguments that gold standard is ‘gold” AND correlation with gold standard>0.70

? No convincing arguments that goid standarg is ‘goid”

Correlation with gold standarc<0. 70

Correlation with changes on instruments measwing the same construct>0.500R at least 75% of
the results are in accordance with the hypotheses OR AUC20.70AND correlations with changes
n related constructs are higher than with unrelated constructs
? Solely correlations determined with unrelatad constructs
- Correlations with changes on mstruments maasuring the same construct<0.500R <753% of the
rasults are In accordance with the hypotheses OR AUC<0.700R comelations with changes in
related constructs are lower than wih unralated constructs

-, posilive rating, -, negativ rating, ?, Indetenminate rafing. AUC, &rea urcer the curve, DIF, cifferantisl Ben functioning. ICC, intracisss
correlation coefficiant, LoA, imits of agreement; MIC, minimal imporiant change. SOC, smaliest getectaiie change.

property will be summarised. The overzll rating for 2
measurement property will be classified as "positive”,
‘indeterminate’ or ‘negative’. The overall rating will
be accompanied with a level of evidence (strong,
moderate, limited, conflicting, unknown—zable 2) as

proposed by Terwee et al™ The criteria used to assign
Ievels of evidence for the quality of cach measure-
ment property (zble 3) will follow the framework
proposed by the Cochrane Back and Neck Review

Gtoup.“
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Moderate  +s or —

-, négative rating, 7, nceterminale rating. -, DoSilive rating.

We will conduct 2 narrative synthesis of subgroups, &
applicable, based on the sample characteristics (ic, asymp-
mmxicotsympmumic)andtypcd‘disord:r(eg.m
subacute and chronic neck pain with nerve root compro-
mise; neck-related shoulder pain: whiplash-asociated
disorders and neck disorder associated with headache).

Ethics and dissemination

since this is a systematic review based on published studies.
PROSPERQO and the svstematic review will be conducied
according to the PRISMA statrment. The results of this
systematic review will be submitted 0 2 peerreviewed
joumal for publication and will be presented 2t national
and international conferences.
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Measurement properties of the craniocervical flexion test: a systematic review

Francisco Xavier de Araujo, Giovanni Esteves Ferreira, Mauricio Scholl Schell,
Marcelo Peduzzi de Castro, Marcelo Faria Silva, Daniel Cury Ribeiro

ABSTRACT:

Background: Patients with neck pain commonly present altered activity of the neck
muscles. The craniocervical flexion test (CCFT) is used to assess function of deep
neck flexor muscles in patients with musculoskeletal neck disorders. Systematic
reviews summarizing the measurement properties of the CCFT are outdated.
Purpose: To systematically review the measurement properties of the CCFT for
assessing deep neck flexor muscles.

Data Sources: MEDLINE, EMBASE, PEDro, Cochrane Central Register of
Controlled Trials, Scopus and Science Direct were searched in April 2019.

Study Selection: We included studies of any design that reported at least one
measurement property of the CCFT for assessing the deep neck flexor muscles.

Data Extraction: Two reviewers independently extracted data and rated the risk of
bias of individual studies using the Consensus-based Standards for the selection of
health Measurement Instruments (COSMIN) risk of bias checklist. The overall rating
for each measurement property was classified as “positive”, “indeterminate”, or
“negative”. The overall rating was accompanied with a level of evidence.

Data Synthesis: Fourteen studies were included. There is a positive and moderate
level of evidence for inter and intra-rater reliability and convergent validity. There is
conflicting rating and level of evidence for discriminative validity. Measurement error
is indeterminate, with unknown level of evidence. Responsiveness is negative with
limited level of evidence.

Limitations: Only papers published in English included.

Conclusions: The CCFT is a valid and reliable test that can be used in clinical
practice as an assessment test. Due to the conflicting and low-quality evidence,
currently caution is advised when using the CCFT as a discriminative test and as an

outcome measure. Future well-designed studies are warranted.

Word count: 4128 words
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INTRODUCTION:

Neck pain is one of the most common musculoskeletal causes of years lived
with disability worldwide." It accounts for a high economic and societal burden.”? The
point prevalence of neck pain is estimated to be 4,9%, being higher in women and in
high income countries.? The prognosis of recovery is poor, and recurrent symptoms
are common.>® Between 50% and 75% of people who experienced an episode of
neck pain will still have symptoms in the following one to five years.3

Although neck pain is multifactorial, patients with neck pain commonly present
several neck muscle impairment.4 The impairments include: decreased strength,5
decreased endurance,®’ delayed onset of neck muscles activation,® and changes in
the coordination between muscles (e.g. increased activity of superficial neck flexors
concurrently with reduced activity of deep neck flexors).? Structural changes, such as
fatty infiltrate and atrophy, may also occur on cervical muscle morphology in patients
with cervical pain.'® These impairments may contribute to the perpetuation of
symptoms in patients with chronic neck pain."’ Clinicians often aim at targeting these
impairments with exercises tailored to the patient’s impairments.®'%"

To assess the presence of muscle imbalance between superficial and deep
neck flexors, physical therapists often perform the craniocervical flexion test (CCFT)
with a pressure biofeedback unit. This test was developed to evaluate the ability of
an individual to selectively recruit the deep neck flexors muscles (longus capitis and
longus colli) while maintaining low activity levels of the superficial neck flexors
muscles (e.g. sternocleidomastoid, anterior scalene) during an active craniocervical
flexion in supine lying.” To conduct the craniocervical flexion test with pressure
biofeedback unit, the patient is in supine crook lying with the head in neutral
position.™ The patient then performs a gentle active head nodding movement. During
this movement, the patient attempts to target five different pressure levels, from 22 to
30 mm Hg, avoiding compensation strategies." This test is mainly used in clinical
practice to assess the function of deep neck flexor muscles,®'*'® but the same test
procedures can also be used as a form of exercise to train motor control to improve
the coordination between the deep and superficial neck flexors and then the low-level
endurance capacity of the deep neck flexor muscles in patients with neck pain.'? In
addition, the pressure biofeedback unit can also be used as an extrinsic feedback
tool to facilitate motor control training in these patients."®
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In clinical and research settings, patient’s performance focuses simultaneously
on: (1) the patient’s ability to perform the correct craniocervical flexion action without
compensation strategies, (2) the excessive activity of the superficial neck flexors in
association with reduced activity in the deep neck flexors, (3) the pressure level
achieved with the correct craniocervical flexion movement, without excessive activity
of the superficial flexors. In a research setting, it is possible to measure activity levels
of both superficial and deep cervical flexor muscles at each stage of the test.”® To
measure activity of deep flexor muscles, invasive methods are required.'” There is an
inverse relationship between superficial and deep neck flexors electromyographic
activity.” For that reason, most studies assess activity levels of superficial flexor
muscles only.'®22

In a clinical setting, patient’s performance during the CCFT is assessed by the
clinician’s judgement of which of the five pressure levels the patient can sustain for a
period of time while performing the craniocervical flexion without using compensation
strategies (e.g. excessive use of the sternocleidomastoid or anterior scalene
muscles).17 Originally the patient’s performance during the CCFT was evaluated with
different parameters, such as the activation score and the performance index.® The
activation score is defined as the maximum pressure level achieved and held in a
steady manner for 10 seconds above the baseline pressure, without any
compensation strategies. The performance index is calculated by multiplying the
activation score by the number of successful repetitions.?® There have been
modifications to the CCFT test protocol from its original description, and the test is
now evaluated in two stages.' In stage 1, performance is assessed by observing
which pressure level the patient can achieve and hold it for 2 to 3 seconds with the
correct craniocervical flexion action, without palpable activity of the superficial flexors.
The performance of stage 2 is assessed by quantifying the pressure level that the
patient can hold steady for repeated 10-second holds, with minimal superficial
muscle activity and in the absence of any other substitution strategies.'

Ideally, the measurement properties (e.g. reliability, validity, and
responsiveness) of a test, for instance the CCFT with pressure biofeedback unit,
should be determined before its full implementation in clinical practice.”* Selecting
instruments with good measurement properties is fundamental for an evidence-
based clinical practice and for conducting well-designed clinical trials.>® Hence, there

26-33

is a growing interest on systematic reviews of measurement properties, as such
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studies are useful for identifying instruments and tests with the highest reliability,
validity and responsiveness scores.**

In a previous systematic review>® published in 2008, the only measurement
property reported for the CCFT was the intra-observer reliability. This review has
limitations, such as limited number of included studies and the outdated methods to
evaluate risk of bias and to summarize the strength of evidence.***” Since then, the
number of published studies evaluating measurement properties of CCFT has
increased."®'93%2 |n addition, the Consensus-based Standards for the selection of
health Measurement Instruments (COSMIN) was developed for assessing risk of bias
of individual studies exploring measurement properties of instruments.?* Therefore,
the purpose of this systematic review was to critically appraise and summarize the
quality of the measurement properties of the CCFT for assessing deep cervical flexor

muscles.

METHODS

This systematic review followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) recommendations*® and was prospectively
registered in the International Prospective Register of Systematic Reviews
(PROSPERO) (registration number: CRD42017062175). The protocol of this
systematic review with complete description of methods was previously published.**

Data Sources and Searches

We searched MEDLINE (via PubMed), EMBASE, PEDro, Cochrane Central
Register of Controlled Trials (CENTRAL), Scopus and Science Direct from their
inception to April 2019. A librarian assisted in the development of the search strategy
for each database. We used a previously published search filter for finding studies on
measurement properties.*® A detailed description of the search strategy is presented
in Appendix 1.

Study Selection

We included studies if they met the following criteria: (1) studies of any design
that have investigated and reported at least one measurement property (i.e,
reliability, validity or responsiveness) of the CCFT, regardless of CCFT outcome
measure (e.g. activation score, performance index or electromyography activity); (2)
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studies conducted in adults over 18 years old; (3) studies that included either
asymptomatic or with neck pain with or without nerve root compromise, neck-related
shoulder pain, whiplash-associated disorders and neck disorders associated with
headache; (4) studies published in English and with full-text available were included.
Studies that assessed the effects of craniocervical flexion exercises (e.g. muscle
activation or endurance) using the pressure biofeedback unit but did not report any
measurement property of the CCFT were excluded. Two reviewers (FXA and MSS)
independently screened titles and abstracts for eligibility, and later, independently
screened full-text of potentially eligible studies. We also conducted hand-searching of

the reference list of included studies.
Measurement Properties

All measurement properties were considered as outcomes. We used the
COSMIN definitions of measurement properties to identify which outcomes had been
assessed in a study, regardless of the terminology used in the included studies
(Appendix 2).3'*® The COSMIN checklist is a validated critical appraisal tool
designed for the systematic evaluation of the methodological quality of studies on the
measurement properties. It contains standards referring to design requirements and
preferred statistical methods of studies on measurement properties.*’ The COSMIN
checklist was originally designed to evaluate health-related patient-reported
outcomes,* but it can also be used for other types of instruments, such as
clinician- reported outcome measures or performance- based outcome measures.*®
Examples of performance-based outcome measures include the six minute walk
test**3 lower extremities functional tests,?® and physical capacity tasks designed to

assess functioning in patients with low back pain.*

The COSMIN risk of bias checklist has 10 domains, each one representing a
measurement property included in the COSMIN taxonomy: (1) patient-reported
outcome measure (PROM) development; (2) content validity; (3) structural validity; (4)
internal consistency; (5) cross-cultural validity; (6) reliability; (7) measurement error;
(8) criterion validity; (9) hypotheses testing for construct validity; (10)
responsiveness.?” Because the CCFT is a performance-based test, some of these
domains are not applicable, as for example: (1) patient-reported outcome measure
(PROM) development; (2) content validity; (3) structural validity; (4) internal
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consistency; (5) cross-cultural validity.

Hence, for the purpose of this review, the following domains were used:
reliability (box 6), measurement error (box 7), hypotheses testing for construct validity
(box 9), and responsiveness (box 10). Reliability is defined as the degree to which a
test is free from measurement error.*® The measurement properties within this
domain are assessed by repeated measurements in a defined period when there has
been no change in the patient’s condition.*® For example, when repeating the CCFT
over time (test-retest), measuring an outcome by different examiners on the same
occasion (inter-rater) or measuring an outcome by the same examiner on different
occasions (intra-rater). Measurement error is defined as the systematic and random
error of a patient’s score that is not attributed to true changes in the construct to be
measured. For example, whether the observed changes in CCFT performance are
really attributable to improved patient performance or an inherent test error. Validity
is the degree to which a test measures what it purports to measure.*® According to
COSMIN, hypothesis testing for construct validity is a domain divided into two
categories: convergent validity and discriminative validity.*® Example of convergent
validity is whether the CCFT is able to assess the recruitment level of deep cervical
flexor muscles when compared with another wvalid instrument such as
electromyography. Discriminative validity refers to whether the CCFT is able to
discriminate different groups (e.g. patients versus asymptomatic) (discriminative
validity). Responsiveness (box 10) is the ability of a test to detect change over time.*®
For example, whether the CCFT is able to identify changes (improvement or
worsening) in clinical (e.g. pain and disability) or biomechanical (e.g. deep neck
flexors activation levels) outcomes. Responsiveness should be assessed against
another valid instrument. A more detailed description of the definitions of each
measurement property contained in the COSMIN checklist are presented in Appendix
2.

Data Extraction and Quality Assessment

A data collection form was developed and piloted in five studies prior to data
extraction. After that, two reviewers independently extracted data from included
studies. Data were then compared for accuracy, and disagreements were resolved
by consensus. We extracted the following information from the included studies:
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study design, sample characteristics, measurement properties assessed by included
studies, duration of symptoms and measurement property findings reported by
studies.

Two reviewers (FXA and GEF) independently rated the risk of bias of each
single study on a measurement property using the COSMIN risk of bias checklist.*’
Each measurement property was evaluated separately, considering several items
that can be scored on a 4-point rating scale (i.e., ‘very good’, ‘adequate’, ‘doubtful’ or

‘inadequate’).*®

For each study, a risk of bias score per domain is obtained by taking the
lowest rating of any item in a domain (i.e. “the worst score counts” principle), that is, if
one question in one domain is scored inadequate, the overall methodological quality
of the assessment for that measurement property is determined to be inadequate.®
Disagreements between reviewers were resolved by a third reviewer (MPC).

Data Synthesis and Analysis

A structured narrative synthesis was used for data analysis. We used the
COSMIN updated criteria for good measurement properties to determine the result of
each single study on a measurement property.®® Every domain presents specific
criteria. Based on these criteria, the quality of each measurement property was rated
as (1) positive, (2) indeterminate or (3) negative.50 The definition for each
measurement property, as well as, the criteria for good measurement properties is
described in Appendix 2.

In addition, we determined the level of evidence (strong, moderate, limited,
conflicting and unknown) for each measurement property using the framework
proposed by the Cochrane Back and Neck Review Group. This framework was
included in our protocol,** and used in recent systematic reviews in this area.?” "9
The level of evidence is based on consistency of findings, number of studies

reaching the same conclusion and risk of bias of included studies.*?

For each measurement property, we summarized the quality (i.e. positive,
indeterminate and negative) and the level of evidence (i.e. strong, moderate, limited,

conflicting and unknown).



81

RESULTS

The database research identified 702 records. We identified a further 6 records after
checking included articles’ references. After removing duplicates, 593 articles were
screened and 62 full-texts were screened. Fourteen studies involving 588
participants were included. The PRISMA flowchart (Figure 1) illustrates the flow of

studies in this review.

INSERT FIGURE 1 AROUND HERE

Seven studies included only asymptomatic participants,’’9:38:39.53.54

1

one study

five studies included either
15,40,42,55,56

included only patients with chronic neck pain,*

asymptomatic participants and patients with neck pain, one study included

either asymptomatic participants and patients with cervicogenic headache,?® and one

study included either asymptomatic participants and patients with whiplash

associated disorders.'® Eleven studies evaluated inter-rater reliability,'®3":333%:36.47-52

1539405455 seven studies evaluated

17,18,56

five studies evaluated intra-rater reliability,

15,17,19,39,40,42,54

measurement error, three studies evaluated convergent validity,

15,18,23,40,42,55,56

seven studies evaluated discriminative validity and only one study

evaluated responsiveness*' (Table 1).

The specific results on reliability and measurement error are presented in
Table 2, the specific results on validity and responsiveness are presented table 3,
and the summary of the quality of the measurement property followed by the level of
evidence for each measurement property are presented in Table 4.

INSERT TABLE 1 AROUND HERE
Reliability

For inter-rater reliability, the methodological quality of two studies was rated as

inadequate,®°* four studies were rated as doubtful,’’~'°*° four studies were rated as

23404254 gnd one study was rated as very good.” This measurement

15,19,23,38,40,42,54

adequate,

property was rated as positive for seven studies,
18,55

negative for two

studies,'®*® and indeterminate for two studies'”” (Table 2). We therefore classified
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the overall rating of inter-rater reliability of CCFT for measuring deep cervical flexors

as positive, and the level of evidence as moderate (Table 4).

For intra-rater reliability, the methodological quality of one study was rated as

4054 and two studies as very good."* This

39,40,54,55

doubtful,®® two studies as adequate,
measurement property was rated as positive for four studies, and negative
for one study' (Table 2). We therefore classified the overall rating of intra-rater
reliability of CCFT for measuring deep cervical flexors as positive, and the level of

evidence of intra-rater reliability as moderate (Table 4).

Measurement Error

Seven studies assessed measurement error. !> 171939404254 Tha

methodological quality of three studies were classified as doubtful,'”194042

one study
was rated as adequate®® and three study were rated as very good.'>3°** This
measurement property was rated as indeterminate for all seven studies (Table 2). We
therefore classified the overall rating of measurement error of CCFT for measuring
deep cervical flexors as indeterminate, and the level of evidence of measurement

error as unknown (Table 4).

INSERT TABLE 2 AROUND HERE

Hypotheses Testing for Construct Validity

Three studies assessed convergent validity by correlating the stages in the CCFT
with electromyographic activity."'®°® The methodological quality of these studies
was rated as inadequate'® or doubtful'’*® (Table 3). This measurement property was
rated as positive for all three studies. We therefore classified the overall rating of
convergent validity of CCFT for measuring deep cervical flexors as positive, and the
level of evidence of convergent validity as moderate (Table 4).

Seven studies assessed the discriminative validity of CCFT by comparing the CCFT

results between patients and asymptomatic participants.'®82340423556  Thg



83

methodological quality of these studies was rated as doubtful'®23°%

d 15,40,42 (

or very

goo Table 3). This measurement property was rated as positive for five

1918234056 and negative for two studies.***®> We therefore classified the

studies,
overall rating of discriminative validity of CCFT for measuring deep cervical flexors as

conflicting, and the level of evidence of discriminative validity as conflicting (Table 4).
Responsiveness

Only one study*' assessed the responsiveness of the CCFT (Table 3). Its
methodological quality was rated as doubtful, and the measurement property was
rated as negative. We therefore classified the overall rating of responsiveness of
CCFT for measuring deep cervical flexors as negative, and the level of evidence of
responsiveness as limited (Table 4).

INSERT TABLE 3 AROUND HERE
INSERT TABLE 4 AROUND HERE
DISCUSSION

This review assessed the measurement properties of CCFT for assessing

deep cervical flexor muscles. Most studies (n=11) have assessed intra or inter-rater

16,31,33,35,36, 15,17,18,23,40,42,56

4752 " discriminative validity (n=7), or measurement

15,17,19,39,40,58,

reliability

% Only a very limited number of studies have evaluated
17,18,56

error (n=7).
convergent validity (n=3), and only one study*' evaluated responsiveness. Our
results showed conflicting results for hypotheses testing and discriminative validity,
limited evidence for responsiveness, and unknown evidence for measurement error.
We demonstrated positive Inter and intra-rater reliability and convergent validity. No
measurement property was classified with strong level of evidence (Table 4). We
rated most studies as having inadequate or doubtful methodological quality for

assessing different measurement properties.

This was the first systematic review on measurement properties of CCFT
using the COSMIN risk of bias checklist,*’ which is a validated and accepted tool for
systematically evaluating the methodological quality of studies assessing and
reporting measurement properties. Another strength of this review is the use of a

validated, highly sensitive search strategy to identify relevant studies.*> We included
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studies that reported measure property of the test even if they were not specifically
designed for it. That approach allowed us to identify a broad range of studies. We
conducted this review according (PRISMA) recommendations,*® ensuring
consistency and uniformity in reporting the systematic review, and we registered this
review on PROSPERO, and published the protocol previously.*

This review updates and adds to a previous review.*® Our review included 14
studies, including 8 published since 2008, and summarized results for measurement
properties other than intra-rater reliability. In addition, our study also presents a level
of evidence for each measurement property. The study conducted by Koning et al.*®
included only 4 studies and interpreted their data from included studies based on
criteria drawn from two separate questionnaires. To be considered as positive the
reliability in that previous review,*® the included study should present adequate
methodology and ICC > 0.85. Based on these criteria, that previous review classified
reliability as negative. For the purposes of our review, and following the COSMIN,
reliability was considered positive if the ICC is 2 0.70. In addition, COSMIN has better
defined criteria for assessing the risk of bias within each study. Our review classified
the overall rating for intra-rater reliability as positive, as well as, the level of evidence
for intra-rater reliability as moderate. In addition, our review also scored the overall

rating for inter-rater reliability as positive and with moderate level of evidence.

Methodological quality of the included studies evaluated by the COSMIN
checklist was generally inadequate to adequate, with fewer studies rating as very
good. This could be explained due to the conservative nature of the COSMIN
checklist*’ since the methodological quality of each study is performed by taking the
lowest rating of any item in a box (“worst score counts”). The main methodological
limitations of the included studies were limited sample size, lack of clarity in reporting
sample characteristics (i.e. whether participants remained stable in the evaluation
period), or failures in statistical methods. In studies of measurement properties of
assessment tools, it is recommended that samples should include at least 50
individuals, or a pilot study should be performed prior to the sample size
calculation.®® In addition, among the fourteen included studies, six'’~'923535¢
presented results on some measure property, but the evaluation of measurement
property was not the main objective of the study (Table 1). This may have influenced
the design and reporting of the study negatively impacting on the risk of bias score.
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It is important to note that most studies included either asymptomatic

17,19,38,39,53,58

participants only, or mixed samples of asymptomatic participants and

15.17.1823.4042.56 Bacause of the limited number of studies

patients with neck pain.
conducted with patients with musculoskeletal conditions, such as neck pain or
cervicogenic headache, we were not able to assess whether differences exist on
some measurement properties across different subgroups of patients and
asymptomatic participants. It is unlikely, however, that measurement properties such
as reliability and convergent validity, characteristics of the sample would bias
psychometric properties of the test. In contrast, responsiveness, which is defined as
the ability to detect changes over time, would not be generalizable to patient
populations in studies including asymptomatic participants only. The only study in our
review that evaluated responsiveness*' was conducted with a sample of patients with

chronic neck pain.

Among the included studies, seven'®'7:18:23:4042.56

performed a comparison of
subgroups (discriminative validity) (i.e. a group of patients and a group of healthy
participants). When taking the methodological quality of these studies into account,
we concluded that there were conflicting findings and conflicting level of evidence.
Considering the conflicting evidence for discriminative validity, the use of CCFT to
distinguish pain-free from symptomatic populations should be done with caution.
Future well-designed studies are likely to change the strength of evidence for the

CCFT discriminative validity.

The CCFT is widely used in clinical practice and research, regardless of the
quality of its measurement properties.®™"® Our findings suggest that the CCFT
reflects the activity of the deep neck flexor muscles, as it presented consistent results
of positive convergent validity with moderate level of evidence. Furthermore, different
clinicians and the same clinician at different points in time are likely to reach similar
conclusions when using this test, since intra and inter-rater reliability scores were
positive with moderate level of evidence. In addition, most studies (n = 10) analyzed

the performance of CCFT in a clinical setting,?*33-4253:55.58.60

with parameters that can
be easily implemented by clinicians during their clinical practice. That reinforces the
external validity of our findings. Together, these findings support its use in clinical

practice as an assessment tool.
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However, other measurement properties of the test suggest caution when
using the test in clinical practice, given the quality and the level of evidence for other
measurement property domains (e.g. measurement error, discriminative validity, and
responsiveness). Based on limited evidence from one study,*’ we recommend
caution when using the CCFT as an outcome measure in clinical trials or in clinical
practice to monitor responses to treatment due to its low responsiveness. In addition,
the studies addressing measurement error presented a moderate level of

19.17.19.39.40425¢ The smallest detectable change ranged from 2.94% to

evidence.
5.11mmHg."® Thus, changes in performance inferior to these values are likely to be
related to natural variability and measurement error and then should not be
considered as change in the health state of the patient or a response of treatment.
None of the included studies reported the minimal important change for the CCFT.
Based on our findings, it is not possible to determine whether the smallest detectable
change of the CCFT is acceptable (i.e. inferior to the minimal important change) and
then was classified as unknown. We suggest that future studies should be conducted
following the COSMIN criteria of high methodological quality, assessing the smallest
important change to more accurately define CCFT measurement error, as well as to

more accurately assess CCFT discriminative validity and responsiveness.
Study Limitations

The COSMIN checklist was originally developed to evaluate the methodological
quality of studies on measurement properties of patient-reported questionnaires. As,
CCFT is a performance-based test, that might impact on our interpretation.
Nevertheless, in the absence of a specific measure specifically designed to evaluate
clinimetric studies, the COSMIN can also be used for other types of measurement
instruments (like clinician- reported outcome measures or performance- based
outcome measures), or other applications (e.g. diagnostic or predictive
applications).*® In addition, the items of the checklist are phrased in a general
manner and draw upon the researchers’ knowledge of the test, such as the
appropriate time interval between the first and second administrations in a reliability
study, which makes COSMIN applicable to other types of tests and minimizes this
limitation.>* Another limitation of this review is that it only included papers published
in English. Finally, it is important to observe that the findings of the present review
were based in most studies rated as poor methodological quality.
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Conclusions

The CCFT is a valid and reliable test that can be used in clinical practice as an
assessment tool for the deep neck flexor muscles. Due to the conflicting and low-
quality evidence, caution is advised when using the CCFT to differentiate patient
subgroups, as well as symptomatic from asymptomatic populations. The CCFT
should be used with caution in clinical practice and in research settings as an
outcome measure. Future well-designed studies may impact on conclusions

regarding the use of CCFT as an outcome measure.
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Legend: Flowchart of results of search strategy and selection of articles.



Table 1. Characteristics of included studies

Was the study's
primary aim to
COSMIN evaluate a
Study Description of the BOX/Domain measurement Outcome
(Year) Study design sample evaluated property? Study Aims Measures
30 asymptomatic Investigate the inter-rater
participants reliability between a novice and
Arumugam . o .
Cross-sectional Age, mean (SD): 33.7  Box 6. Reliability Yes an experienced rater concurrently CCFT AS
(2011) R
(8.55) judging the performance of the
Women, n (%): 15 (50) CCFT in asymptomatic individuals
10 asymptomatlc Compare the low-load action of
participants the deep cervical flexors in
Chiu (2005) Cross-sectional Age, mean [Range]: Box 6. Reliability No ) p ) CCFT AS
subjects with and without neck
37.7 [26-60] ain by using the CCFT
Woman, n (%): 5 (50) P y g
Box 6.
Reliability;
10 asymptomatic eliability; EMG activity o
. Box 7. )
participants Measurement Evaluate a new EMG technique DCF and
Falla (2003) Cross-sectional Age, mean (SD): 30.7 Error: No for the examination of the DCF superficial
(10.3) Box 9' muscles cervical flexor
o/ ). o, *
Women, n (%): 6 (60%) Hypotheses muscles

testing (9a)



Falla (2004)

Hudswell
(2005)

James
(2010)

Cross-sectional

Reliability study

Reliability study

10 neck pain
participants
Age, mean (SD): 32.2
(9.1) Box 9.
Women, n (%): 6 (60%) Hypotheses
10 asymptomatic testing (9a e 9b)
Age, mean (SD): 26.4
(5.8)
Women, n (%): 7 (70%)

40 participants for the
inter-rater reliability
study
Age, mean [range]:
24.7 [18-40]
Women, n (%): 22
(55%)

15 participants for the
intra-rater reliability
study
Age, mean [range]:
23.6 [18-30]
Women, n (%): 9
(60%)t

Box 6.
Reliability;
Hypotheses
testing (9b)

19 asymptomatic
participants
Age, mean [range]:
24.9 [22-36]
Women, n (%): 7 (42%)

Box 6.
Reliability; Box
7. Measurement
Error

Compare deep and superficial
cervical flexor muscle activity and
craniocervical flexion range of
No motion across the five stages of
the CCFT between patients with
chronic neck pain and
asymptomatic controls

Analyze the reliability and

Y
es discriminative validity of CCFT
Evaluate the intra-rater reliability
Yes of the CCFT in asymptomatic

subjects
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EMG activity o
DCF and
superficial
cervical flexor
muscles
CCFT ROM

CCFT AS
CCFT PI

CCFT CPI



The study was a
reproducibility
study of six clinical
tests with two

Jorgensen examiners, and a
(2014) test-retest study of
two physical

performance tests,
conducted by a
third examiner.

Secondary analysis
of a randomized
trial. The study aim
was to verify the
"responsiveness"
of the CCFT and
other clinical tests
used in patients
with neck pain.

Jorgensen
(2017)

Cross-sectional
Jull (1999) (not described in
the paper)

21 (13 neck pain and 8
WAD) participants
aged, mean (SD):

46.1(15.6)
Woman, n (%): Not
clear
21 asymptomatic
participants
aged, mean (SD):
44.7(14.8)
Woman, n (%): Not
Clear

118 non-radicular neck
pain participants with
NDI >20%
age, mean (SD): 45.1
(11.7)
Woman, n (%): 128
(77%)

50 asymptomatic
participants (for the
reliability study)
aged, mean (SD): Not
clear
Woman, n (%): Not
clear
15 asymptomatic
participants (for the

Box 6.
Reliability; Box

7. Measurement

Error; Box 9.
Hypotheses

testing (9a e 9b)

Box 10.
Responsiveness

Box 6.
Reliability;
Hypotheses
testing (9b)

Yes

Yes

No

Investigate intra- and inter-rater
reliability of six cervical clinical
tests in patients with and without
chronic neck pain

Examine the responsiveness of
four clinical tests with continuous
variables for people with chronic

neck pain

Evaluate the CCFT performance
between patients with headache
and asymptomatic subjects
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CCFT AS*

CCFT AS*

CCFT AS
CCFT PI
Responses to
passive stretct



Jull (2000)

Juul (2013)

Cross-sectional
(not described in
the paper)

An intra-rater
(between-day) and
inter-rater (within-

day) design was
applied.

discriminative validity
study)

aged, mean (SD): Not
clear

15 participants with
cervicogenic headache
(for the discriminative
validity study)

aged, mean (SD): Not

clear

Woman, n (%): Not
clear
12 WAD participants
aged, mean (SD): 37.8
(11.6)
Woman, n (%): not
clear
12 asymptomatic
aged, mean (SD): Not
clear
Woman, n (%): Not
clear
33 neck pain
participants
Age, mean (SD): 54.
(15.1)
Women, n (%): 25
(76%)
30 asymptomatic

Box 3. Structural
Validity; Box 6.
Reliability; Box
9. Hypotheses

testing (9a e 9b)

Box 6.
Reliability; Box
7. Measurement
Error;
Hypotheses
testing (9b)

No

Yes

Measure the deep neck flexor
muscle function in patients with
whiplash associated disorders
and in asymptomatic subjects

Determine the clinical reliability
of five muscle performance tests
in patients with and without neck

pain
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EMG activity o
superficial
cervical flexor
muscles

CCFT AS*
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Age, mean (SD): 34.
(14.1)
Women, n (%): 17(57%)

. 60 asymptomatic
An intra-rater ymp

. (between-day) and participants. . Bc.».( 6: Investigate the intra and inter-
Kotwani inter-rater (within- aged, mean (SD): Not Reliability; Box Yes rater reliabilities of the CCFT in CCFT CPI
(2018) day) design was clear 7. Measurement asymptomatic subjects
) Woman, n (%): Not Error
applied
clear
Within-session
reliability
33 neck pain
participants
Age, mean (SD): 36.8
(2.4)
Women, n (%): 28 Box 6.
(84.9%) Reliability; Box To compare reliability indexes,
Martins Reliability and 33 asymptomatic 7. Measurement (_:on?str_uct validity and_ ab_ili_ty to CCFT 1
(2017) validity study participants Error; Box 9. Yes dlsc_rlmlnate _between |nd|v_|duals CCET 2
Age, mean (SD): 36.2 Hypotheses with and without neck pain of
(2.3) testing (9a e four muscle tests
Women, n (%): 28 9b).
(84.9%)

Between-session
reliability and Validity
31 neck pain
participants
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26 asymptomatic
participants

Double-blind,
controlled, within- ) Determine if passive cervical EMG activity o
. 6 asymptomatic Box 6. e e ..
subjects crossover . - mobilization improve motor superficial
. . participants Reliability; Box . . .
design, in which function in situations where cervical flexor
Soon (2010) . Age, mean (SD): Not 7. No
each subject motor performance was not muscles
experienced all 3 clear Measurement impaired by the presence of pain PPT
. P ) . Women, n (%): 3 (50%) Error. P . .y p . P
interventionsin a in pain-free individuals

randomized order

Legend: CCFT, Craniocervical Flexion Test; NDI, Neck Disability Index; SD, Standard Deviation; WDA, Whiplash Associated Disorders; TAsymptomatic, neck
pain and WAD (Grade 1 and Grade 2) participants, although symptoms distribution was unclear; CCFT AS, CCFT Activation Score defined as the maximum
pressure (in millimeters of mercury) achieved and held in a steady manner for 10 seconds above the baseline pressure (20 mm Hg) without any
substitution strategies; CCFT PIl, CCFT performance index defined as the activation score multiplied by the number of successful repetitions;
CCFT CPI, CCFT cumulative performance index calculated adding a preceding score to performance index depending on the level achieved;
CCFTH1, is the activation score but each level was maintained for 3 seconds instead of 10 seconds of the former; CCFT2, is the activation score
with 3 repetitions on each level; EMG, electromyography; DCF, deep cervical flexor; PPT, pressure pain threshold; ROM, range of motion; * this
was the outcome related to CCFT as other clinical tests were evaluated in this study.



Table 2. Reliability and Measurement Error of CCFT
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Author Study Reliability Reliability Measurement
(Year) Population (Intra- (Inter- Error
rater) rater)
N Cosmin | Cosmin N Cosmin Cosmin N Cosmin Risk Cosmin
Risk of | Quality Risk of Quality of Bias Score Quality
Bias Rating Bias Score | Rating Rating
Score
Arumugan | Asymptomatic | NA NA NA 30 Inadequate’ + NA NA NA
et al.
(2011)
Chiu et al. | Asymptomatic | NA NA NA 10 Inadequate® ? NA NA NA
(2005)
Falla et al. | Asymptomatic | NA NA NA 10 Doubtful® ? 10 Doubtful® ?
(2003)
Hudswell | Asymptomatic/ | 15 | Doubtful® + 40 Doubtful® - NA NA NA
et al. Patients with
(2005) neck pain /
Patients with
whiplash
associated
disorders
James et | Asymptomatic | 19 Very + 19 NA NA NA Very Good ?
al. (2010) Good
Jorgensen | Asymptomatic/ | 42 | Adequate® + 42 Adequate® + 42 Doubtful® ?
et al. Patients with
(2014) neck pain /
Patients with
whiplash
associated
disorders
Jull et al. Patients with | NA NA NA 50 Adequate® + NA NA NA
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(1999) cervicogenic
headache
Jull etal. | Asymptomatic/ | NA NA NA 24 Doubtful*® - NA NA NA
(2000) Patients with
whiplash
associated
disorders
Juul et al. | Asymptomatic/ | 63 Very - 63 Very Good + 63 Very Good ?
(2013) Patients with Good
neck pain
Kotwani et | Asymptomatic | 60 | Adequate® + 60 | Adequate® + 60 Very Good ?
al. (2018)
Martins et | Asymptomatic/ | NA NA NA | 66 (first | Adequate’ + 66 (first | Adequate’
al. (2017) | Patients with day) day) ?
neck pain 57 57
(second (second
day) day)
Soon et | Asymptomatic | NA NA NA 6 Doubtful®® + 6 Doubtful®® ?
al. (2010)

Legend: CCFT, Cranio Cervical Flexion Test; ICC, intraclass correlation coefficient; NA, Not applicable; Cl, Confidence interval; SEM, standard error of
measurement; SDC, smallest detectable change; LoA, limits of agreement, MIC, minimal important change.

ICC +,ICC 20.70 OR Pearson’s r 2 0.80.
ICC ?, Neither ICC nor Pearson’s r determined.
ICC —, ICC <0.70 OR Pearson’s r < 0.80.
Measurement error +, MIC > SDC OR MIC outside the LoA.

Measurement error ?, MIC not defined.
Measurement error -, MIC < SDC OR MIC equals or inside LoA.

' Time interval NOT appropriate.

2 No ICC or Pearson or Spearman correlations calculated.

3 Other minor methodological flaws (small sample of participants included).

4 Other minor methodological flaws (unclear reporting of characteristics of the sample and if participants were stable in the interim period).
® ICC calculated but model or formula of the ICC not described or not optimal.

® Doubtful whether time interval was appropriate or time interval was not stated.

7 Assumable that patients were stable




Table 3. Validity and Responsiveness of CCFT
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Author Study Structural Hypoteses Responsiveness
(Year) Population Validity testing for
Construct
Validity
N Cosmin Cosmin N Cosmin Cosmin N Cosmin Risk of | Cosmin
Risk of Quality Risk of Quality Bias Score Quality
Bias Score Rating Bias Score Rating Rating
Falla et al. | Asymptomatic | 10 | Inadequate’ ? 10 | Doubtful® + NA NA NA
(2003)
Jull et al. | Asymptomatic/ | 24 | Inadequate’ ? 24 | Inadequate® + NA NA NA
(2000) Patients with
whiplash
associated
disorders
Soon et | Asymptomatic | 6 | Inadequate’ ? NA NA NA NA NA NA
al. (2010)
Jorgensen | Asymptomatic/ | NA NA NA 42 | Very Good + NA NA NA
et al. Patients with
(2014) neck pain /
Patients with
whiplash
associated
disorders
Martins et | Asymptomatic/ | NA NA NA 66 | Very Good - NA NA NA
al. (2017) | Patients with (first
neck pain day)
Jorgensen | Patients with | NA NA NA NA NA NA 164 Doubtful® -
et al. neck pain
(2017)

Legend: CCFT, Cranio Cervical Flexion Test; NA, Not applicable.
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Structural validity +, Factors should explain at least 50% of the variance.

Structural validity ?, Explained variance not mentioned.

Structural validity —, Factors explain < 50% of the variance.

Hypothesis testing for construct validity +, Correlations with instruments measuring the same construct = 0.50 OR at least 75% of the results are in
accordance with the hypotheses AND correlations with related constructs are higher than with unrelated constructs.

Hypothesis testing for construct validity?, Solely correlations determined with unrelated constructs.

Hypothesis testing for construct validity -, Correlations with instruments measuring the same construct < 0.50 OR < 75% of the results are in
accordance with the hypotheses OR correlations with related constructs are lower than with unrelated constructs.

Responsiveness +, Correlation with changes on instruments measuring the same construct = 0.50 OR at least 75% of the results are in accordance
with the hypotheses OR AUC = 0.70 AND correlations with changes in related constructs are higher than with unrelated constructs.

Responsiveness ?, Solely correlations determined with unrelated constructs.

Responsiveness -, Correlations with changes on instruments measuring the same construct < 0.50 OR < 75% of the results are in accordance with the
hypotheses OR AUC < 0.70 OR correlations with changes in related constructs are lower than with unrelated constructs.

""Inadequate sample size included in the analysis.

2. Other minor methodological flaws (small sample of participants included).

3, Statistical method applied NOT optimal.




Table 4. Best Evidence Synthesis of Measurement Properties of the CCFT

Measurement Overall Rating Level of Evidence
Properties
Reliability (Intra-rater) ++ Moderate
Reliability (Inter-rater) ++ Moderate
Measurement error ? Unknown
Convergent Validity ++ Moderate
Discriminative Validity +/- Conflicting
Responsiveness - Limited
Legend: CCFT, Cranio Cervical Flexion Test; +++ or ——— Consistent findings in multiple studies

of good methodological quality OR in one study of excellent methodological quality; ++ or ——
Consistent findings in multiple studies of fair methodological quality OR in one study of good
methodological quality; + or - One study of fair methodological quality; +/— conflicting findings, ?
unknown due to only studies of poor methodological quality or no studies on that measurement
property.
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1#

( ( (( (((patient outcome assessment [Mesh]) OR ((outcome and process assessment [Mesh])))
OR treatment outcome [Mesh] OR instrumentation[sh] OR methods[sh] OR "Validation
Studies"[pt] OR "Comparative Study"[pt] OR "psychometrics"[MeSH] OR psychometr*[tiab]
OR clinimetr*[tw] OR clinometr*[tw] OR "outcome assessment (health care)"[MeSH] OR
"outcome assessment"[tiab] OR "outcome measure*"[tw] OR "observer variation"[MeSH] OR
"observer variation"[tiab] OR "Health Status Indicators"[Mesh] OR "reproducibility of
results"[MeSH] OR reproducib*[tiab] OR "discriminant analysis"[MeSH] OR reliab*[tiab] OR
unreliab*[tiab] OR valid*[tiab] OR "coefficient of variation"[tiab] OR coefficient[tiab] OR
homogeneity[tiab] OR homogeneous[tiab] OR "internal consistency"[tiab] OR (cronbach*[tiab]
AND (alpha[tiab] OR alphas[tiab])) OR (item[tiab] AND (correlation*[tiab] OR selection*[tiab]
OR reduction*[tiab])) OR agreement[tw] OR precision[tw] OR imprecision[tw] OR "precise
values"[tw] OR test-retest[tiab] OR (test[tiab] AND retest[tiab]) OR (reliab*[tiab] AND
(test[tiab] OR retest[tiab])) OR stability[tiab] OR interrater[tiab] OR inter-rater[tiab] OR
intrarater[tiab] OR intra-rater[tiab] OR intertester[tiab] OR inter-tester[tiab] OR intratester[tiab]
OR intra-tester[tiab] OR interobserver[tiab] OR inter-observer[tiab] OR intraobserver[tiab] OR
intra-observer[tiab] OR intertechnician[tiab] OR inter-technician[tiab] OR intratechnician[tiab]
OR intra-technician[tiab] OR interexaminer[tiab] OR inter-examiner[tiab] OR
intraexaminer[tiab] OR intra-examiner[tiab] OR interassay[tiab] OR inter-assay[tiab] OR
intraassay[tiab] OR intra-assay[tiab] OR interindividual[tiab] OR inter-individual[tiab] OR
intraindividual[tiab] OR intra-individual[tiab] OR interparticipant[tiab] OR inter-participant[tiab]
OR intraparticipant[tiab] OR intra-participant[tiab] OR kappa[tiab] OR kappa's[tiab] OR
kappas[tiab] OR repeatab*[tw] OR ((replicab*[tw] OR repeated[tw]) AND (measure[tw] OR
measures[tw] OR findings[tw] OR result[tw] OR results[tw] OR test[tw] OR tests[tw])) OR
generaliza*[tiab] OR generalisa*[tiab] OR concordance[tiab] OR (intraclass[tiab] AND
correlation*[tiab]) OR discriminative[tiab] OR "known group"[tiab] OR "factor analysis"[tiab]
OR "factor analyses"[tiab] OR "factor structure"[tiab] OR "factor structures"[tiab] OR
dimension*[tiab] OR subscale*[tiab] OR (multitrait[tiab] AND scaling[tiab] AND (analysis[tiab]
OR analyses[tiab])) OR "item discriminant"[tiab] OR "interscale correlation*"[tiab] OR
error[tiab] OR errors[tiab] OR "individual variability"[tiab] OR "interval variability"[tiab] OR
"rate variability"[tiab] OR (variability[tiab] AND (analysis[tiab] OR values[tiab])) OR
(uncertainty[tiab] AND (measurement[tiab] OR measuring[tiab])) OR "standard error of
measurement"[tiab] OR sensitiv¥[tiab] OR responsive*[tiab] OR (limit[tiab] AND
detection[tiab]) OR "minimal detectable concentration"[tiab] OR interpretab*[tiab] OR
((minimal[tiab] OR minimally[tiab] OR clinical[tiab] OR clinically[tiab]) AND (important[tiab]
OR significant[tiab] OR detectable[tiab]) AND (change[tiab] OR difference[tiab])) OR
(small*[tiab] AND (real[tiab] OR detectable[tiab]) AND (change[tiab] OR difference[tiab])) OR
"meaningful change"[tiab] OR "ceiling effect"[tiab] OR "floor effect"[tiab] OR "Item response
model"[tiab] OR IRT[tiab] OR Rasch[tiab] OR "Differential item functioning'"[tiab] OR
DIF[tiab] OR "computer adaptive testing"[tiab] OR "item bank"[tiab] OR "cross-cultural
equivalence"[tiab] ) ) )))

2#

( ( (( ( pressure biofeedback unit[Title/Abstract] OR pressure biofeedback units[Title/Abstract]
OR unit, pressure biofeedback|[Title/Abstract] OR units, pressure biofeedback[Title/Abstract] OR
stabilizer[ Title/Abstract] OR stabilizers[Title/Abstract] OR stabiliser[ Title/Abstract] OR
stabilisers[Title/Abstract] OR biofeedback[Title/Abstract] OR biofeedbacks[Title/Abstract] OR
craniocervical flexion test[Title/Abstract] OR cranio-cervical flexion test[Title/Abstract] OR
cranio cervical flexion test[Title/Abstract] OR cranio cervical flexion[Title/Abstract)))))

3#

( (((((Muscle, Neck[Title/Abstract] OR Muscles, Neck[Title/Abstract] OR Neck
muscle[Title/Abstract] ) ) ) OR Neck muscles[MeSH Terms] ) ) OR ( ( neck[MeSH Terms] ) OR
Necks|[Title/Abstract] OR deep cervical flexor*[Title/Abstract] OR rectus capit*[Title/Abstract]
OR longus colli[Title/Abstract] OR longus capiti [Title/Abstract] ) )

4#

1# AND 2# AND 3#

Search strategy in EMBASE

1#

construct validity/ or criterion related validity/ or validity/ or cocnurrent validity/ or convergent
validity/ or conctent validity/ or discriminant validity

2#

psychometry/ or psychometr* .mp.
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3# | reliability / or retest reliabilityt/ or test-retest.mp. or reproducibility/
4# | interrater reliability/ or intrarater.mp. or rating scale/ or scoring

5# | intrarater reliability/ or intrarater.mp.

6# | biofeedback.mp. or feedback system/

7# | exercise/ or pressure biofeedback.mp.

8# | stabilizer.mp.

9# | estabiliz*.mp.

10# | neck/ or electromyography/ or craniocervical flexion tests.mp. or flexor muscle/ or neck muscle/
or cervical spine/ or neck pain/ or whiplash injury/

11# | lor2or3or4or5

12# | 6or7or8or9

13# | 10and 11 and 12

Search strategy in PEDro

Abstract & pressure biofeedback unit OR pressure biofeedback units OR pressure biofeedback OR
Title: stabilizer OR stabilizers OR stabiliser OR stabilisers OR biofeedback OR biofeedbacks OR
craniocervical flexion test OR cranio-cervical flexion test OR cranio cervical flexion test
OR cranio cervical flexion cranio-cervical flexion

Body part head or neck
Subdiscipline musculoskeletal
Method Clinical Trial

Search strategy in CENTRAL

1# MeSH descriptor: [Patient Outcome Assessment] explode all trees

2# MeSH descriptor: [Outcome and Process Assessment (Health Care)] explode all trees
3# MeSH descriptor: [Treatment Outcome] explode all trees

4# MeSH descriptor: [Psychometrics] explode all trees

S# psychometr*:ti,abkw (Word variations have been searched)

6# clinimetr* (Word variations have been searched)

T# clinometr* (Word variations have been searched)

8# MeSH descriptor: [Outcome Assessment (Health Care)] explode all trees

O# outcome assessment:ti,ab,kw (Word variations have been searched)

10# | outcome measure* (Word variations have been searched)

11# | MeSH descriptor: [Observer Variation] explode all trees

12# | observer variation:ti,ab,kw (Word variations have been searched)

13# | MeSH descriptor: [Health Status Indicators] explode all trees

14# | reproducib*:ti,ab,kw (Word variations have been searched)

15# | MeSH descriptor: [Discriminant Analysis] explode all trees

16# | reliab*:ti,ab,kw (Word variations have been searched)

17# | unreliab*:ti,ab,kw (Word variations have been searched)

18# | valid*:ti,ab,kw (Word variations have been searched)

19# | "coefficient of variation":ti,ab,kw (Word variations have been searched)

20# | coefficient:ti,ab,kw (Word variations have been searched)

21# | homogeneity:ti,ab,kw (Word variations have been searched)

22# | homogeneous:ti,abkw (Word variations have been searched)

23# | "internal consistency":ti,abkw (Word variations have been searched)

24# | cronbach* and (alpha or alphas):ti,ab,kw (Word variations have been searched)

25# | (item and (correlation* or selection* or reduction*)):ti,ab,kw (Word variations have been
searched)

26# | agreement (Word variations have been searched)

27# | precision:ti,ab,kw (Word variations have been searched)

28# | imprecision:ti,ab,kw (Word variations have been searched)

29# | "precise values":ti,ab,kw (Word variations have been searched)

30# | test-retest:ti,ab,kw or (test and retest):ti,ab,kw or (reliab* and (test or retest)):ti,ab,kw or
stability:ti,ab,kw or interrater:ti,ab,kw (Word variations have been searched)

31# | inter-rater:ti,ab,kw or intrarater:ti,ab,kw or intra-rater:ti,ab,kw or intertester:ti,ab,kw or
intratester:ti,ab,kw (Word variations have been searched)

32# | intra-tester:ti,ab,kw or interobserver:ti,ab,kw or inter-observer:ti,ab,kw or intraobserver:ti,ab,kw
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or intra-observer:ti,ab,kw (Word variations have been searched)

33#

intertechnician or inter-technician or intratechnician or intra-technician or interexaminer or inter-
examiner or intraexaminer or intra-examiner or interassay or inter-assay or intraassay or intra-
assay or interindividual or inter-individual or intraindividual or intra-individual or interparticipant
or inter-participant or intraparticipant or intra-participant or kappa or kappa's or kappas:ti,ab,kw
(Word variations have been searched)

34#

repeatab®* (Word variations have been searched)

35#

((replicab* or repeated) and (measure or measures or findings or result or results or test or tests))
(Word variations have been searched)

36#

generaliza* or generalisa* or concordance or (intraclass and correlation*) or discriminative or
"known group" or "factor analysis" or "factor analyses" or "factor structure" or "factor structures"
or dimension* or subscale* or (multitrait and scaling and (analysis or analyses)) or "item
discriminant" or "interscale correlation*" or error or errors or "individual variability" or "interval
variability" or "rate variability" or (variability and (analysis or values)) or (uncertainty and
(measurement or measuring)) or "standard error of measurement" or sensitiv* or responsive* or
(limit and detection) or "minimal detectable concentration" or interpretab* or ((minimal or
minimally or clinical or clinically) and (important or significant or detectable) and (change or
difference)) or (small* and (real or detectable) and (change or difference)) or "meaningful
change" or "ceiling effect" or "floor effect" or "Item response model" or IRT or Rasch or
"Differential item functioning" or DIF or "computer adaptive testing" or "item bank" or "cross-
cultural equivalence":ti,ab,kw (Word variations have been searched)

37#

#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8 or #9 or #10 or #11 or #12 or #13 or #14 or #15 or
#16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 or #27 or #28 or #29
or #30 or #31 or #32 or #33 or #34 or #35 or #36

38#

pressure biofeedback unit or pressure biofeedback units or unit, pressure biofeedback or units,
pressure biofeedback or stabilizer or stabilizers or stabiliser or stabilisers or biofeedback or
biofeedbacks or craniocervical flexion test or cranio-cervical flexion test or cranio cervical
flexion test or cranio cervical flexion:ti,ab,kw (Word variations have been searched)

394#

Muscle, Neck or Muscles, Neck or Neck muscle:ti,ab,kw (Word variations have been searched)

40#

MeSH descriptor: [Neck Muscles] explode all trees

41#

Necks or deep cervical flexor* or rectus capit* or longus colli or longus capiti:ti,ab,kw (Word
variations have been searched)

424

#39 or #40 or #41

43#

#37 and #38 and #42

Search strategy in SCOPUS

1#

TITLE-ABS-KEY (psychometr* OR clinimetr* OR clinometr* OR "outcome assessment" OR
"outcome measure*" OR "observer variation" OR reproducib* OR reliab* OR unreliab* OR valid* OR
"coefficient of variation" OR coefficient OR homogeneity OR homogeneous OR "internal consistency"
OR (cronbach* AND (alph OR alphas)) OR (item AND (correlation* OR selection* OR reduction*))
OR agreement OR precision OR imprecision OR "precise values" OR test-retest OR (test AND retest)
OR (reliab* AND (test OR retest)) OR stability OR interrater OR inter-rater OR intrarater OR intra-
rater OR intertester OR inter-tester OR intratester OR intra-tester OR interobserver OR inter-observer
OR intraobserver OR intra-observer OR intertechnician OR intratechnician OR inter-technician OR
intra-technician OR interexaminer OR inter-examiner OR intraexaminer OR intra-examiner OR
interassay OR inter-assay OR intraassay OR intra-assay OR interindividual OR inter-individual OR
intraindividual OR intra-individual OR interparticipant OR inter-participant OR intraparticipant OR
intra-participant OR kappa OR kappa's OR kappas OR repeatab* OR ((replicab* OR repeated) AND
(measure OR measures OR findings OR result OR results OR test OR tests)) OR generaliza* OR
generalisa* OR concordance OR (intraclass AND correlation*) OR discriminative OR "known group"
OR "factor analysis" OR "factor analyses" OR "factor structure" OR "factor structures" OR
dimension* OR subscale* OR (multitrait AND scaling AND (analysis OR analyses)) OR "item
discriminant” OR "interscale correlation*" OR error OR errors OR "individual variability” OR
"interval variability" OR "rate variability" OR (variability AND (analysis OR values)) OR (uncertainty
AND (measurement OR measuring)) OR '"standard error of measurement” OR sensitiv* OR
responsive®* OR (limit AND detection) OR "minimal detectable concentration" OR interpretab* OR
((minimal OR minimally OR clinical OR clinically) AND (important OR significant OR detectable)
AND (change OR difference)) OR (small* AND (real OR detectable) AND (change OR difference))
OR "meaningful change" OR "ceiling effect” OR "floor effect” OR "Item response model" OR IRT OR
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Rasch OR "Differential item functioning” OR DIF OR "computer adaptive testing" OR "item bank"
OR "cross-cultural equivalence")

2# TITLE-ABS-KEY ("pressure biofeedback unit" OR "pressure biofeedback units" OR "pressure
biofeedback" OR stabilizer OR stabilizers OR stabiliser OR stabilisers OR biofeedback OR
biofeedbacks OR "craniocervical flexion test” OR "cranio-cervical flexion test" OR "cranio cervical
flexion test" OR "cranio cervical flexion" OR "cranio-cervical flexion")

3# | TITLE-ABS-KEY("Neck Muscle" OR "Neck Muscles" OR Necks OR Neck* OR "deep cervical
flexor*" OR "rectus capit*" OR "longus colli" OR "longus capiti") AND NOT INDEX(medline)

4 1# and 2# and 3#

Search strategy in SCIENCE DIRECT

1 | TITLE-ABSTR-KEY("coefficient of variation" OR coefficient OR homogeneity OR
homogeneous OR "internal consistency" OR (cronbach* AND (alpha OR alphas)) OR
(item AND (correlation* OR selection* OR reduction*)) OR agreement OR precision OR
imprecision)[All Sources(Medicine and Dentistry,Neuroscience,Nursing and Health
Professions,Sports and Recreation)]

[All Sources(Medicine and Dentistry, Neuroscience, Nursing and Health Professions,Sports
and Recreation)]

2 | TITLE-ABSTR-KEY("outcome assessment" OR "outcome measures" OR "observer
variation" OR "observer variation" OR "Health Status Indicators" OR "reproducibility of
results" OR reproducib* OR "discriminant analysis" OR reliab* OR unreliab* OR valid*
)[All Sources(Medicine and Dentistry,Neuroscience,Nursing and Health
Professions,Sports and Recreation)]

[All Sources(Medicine and Dentistry, Neuroscience, Nursing and Health Professions,Sports
and Recreation)]

3 | TITLE-ABSTR-KEY("precise values" OR test-retest OR (test AND retest) OR (reliab*
AND (test OR retest)) OR interrater OR inter-rater OR intrarater OR intra-rater OR
intertester OR inter-tester OR intratester OR intra-tester OR interobserver) or TITLE-
ABSTR-KEY (inter-observer OR intraobserver OR intra-observer OR intertechnician OR
inter-technician OR intratechnician OR intra-technician OR interexaminer OR inter-
examiner OR intraexaminer OR intra-examiner OR interassay OR inter-assay)[All
Sources(Medicine and Dentistry,Neuroscience,Nursing and Health Professions,Sports and
Recreation)]

[All Sources(Medicine and Dentistry, Neuroscience, Nursing and Health Professions,Sports
and Recreation)]

4 | TITLE-ABSTR-KEY (intraassay OR interindividual OR inter-individual OR
intraindividual OR intra-individual OR interparticipant OR inter-participant OR
intraparticipant OR intra-participant ) or TITLE-ABSTR-KEY (kappa OR kappa's OR
kappas OR repeatab* OR ((replicab* OR repeated) AND (measure OR measures OR
findings OR result OR results OR test OR tests)) OR generaliza* )[All Sources(Medicine
and Dentistry,Neuroscience,Nursing and Health Professions,Sports and Recreation)]

[All Sources(Medicine and Dentistry, Neuroscience, Nursing and Health Professions,Sports
and Recreation)]

5 | TITLE-ABSTR-KEY (generalisa* OR concordance OR (intraclass AND correlation*) OR
discriminative OR "known group" OR "factor analysis" OR error ) or TITLE-ABSTR-
KEY ("factor analyses" OR "factor structure” OR dimension* OR subscale* OR (multitrait
AND scaling AND (analysis OR analyses)))[All Sources(Medicine and
Dentistry,Neuroscience,Nursing and Health Professions,Sports and Recreation)]

[All Sources(Medicine and Dentistry, Neuroscience, Nursing and Health Professions,Sports
and Recreation)]

6 | TITLE-ABSTR-KEY("item discriminant" OR "interscale correlation*" OR "individual
variability" OR "interval variability" OR "rate variability") or TITLE-ABSTR-

KEY ((variability AND (analysis OR values)) OR (uncertainty AND (measurement OR
measuring)) OR "standard error of measurement")[All Sources(Medicine and
Dentistry,Neuroscience,Nursing and Health Professions,Sports and Recreation)]

[All Sources(Medicine and Dentistry, Neuroscience, Nursing and Health Professions,Sports




and Recreation)]

TITLE-ABSTR-KEY (sensitiv¥ OR responsive* OR (limit AND detection) OR "minimal
detectable concentration" OR interpretab*) or TITLE-ABSTR-KEY (((minimal OR
minimally OR clinical OR clinically) AND (important OR significant OR detectable)
AND (change OR difference)))[All Sources(Medicine and Dentistry,Neuroscience,Nursing
and Health Professions,Sports and Recreation)]

[All Sources(Medicine and Dentistry, Neuroscience, Nursing and Health Professions,Sports
and Recreation)]

TITLE-ABSTR-KEY((small* AND (real OR detectable) AND (change OR difference))
OR "meaningful change" OR "ceiling effect") or TITLE-ABSTR-KEY ("floor effect” OR
"Item response model" OR IRT OR Rasch OR "Differential item functioning" OR
DIF)[All Sources(Medicine and Dentistry,Neuroscience,Nursing and Health
Professions,Sports and Recreation)]

[All Sources(Medicine and Dentistry, Neuroscience, Nursing and Health Professions,Sports
and Recreation)]

TITLE-ABSTR-KEY ("computer adaptive testing" OR "item bank" OR "cross-cultural
equivalence")[All Sources(Medicine and Dentistry,Neuroscience,Nursing and Health
Professions,Sports and Recreation)]

[All Sources(Medicine and Dentistry, Neuroscience, Nursing and Health Professions,Sports
and Recreation)]

10

(TITLE-ABSTR-KEY ((small* AND (real OR detectable) AND (change OR difference))
OR "meaningful change" OR "ceiling effect") or TITLE-ABSTR-KEY ("floor effect" OR
"Item response model" OR IRT OR Rasch OR "Differential item functioning" OR
DIF)[All Sources(Medicine and Dentistry,Neuroscience,Nursing and Health
Professions,Sports and Recreation)]) OR (TITLE-ABSTR-KEY ("computer adaptive
testing” OR "item bank" OR "cross-cultural equivalence")[All Sources(Medicine and
Dentistry,Neuroscience,Nursing and Health Professions,Sports and Recreation)])

[All Sources(Medicine and Dentistry, Neuroscience, Nursing and Health Professions,Sports
and Recreation)]

11

TITLE-ABSTR-KEY (pressure biofeedback unit OR pressure biofeedback units OR unit,
pressure biofeedback OR units, pressure biofeedback) or (stabilizer OR stabilizers OR
stabiliser OR stabilisers OR biofeedback OR biofeedbacks OR craniocervical flexion
test)[All Sources(Medicine and Dentistry,Neuroscience,Nursing and Health
Professions,Sports and Recreation)]

[All Sources(Medicine and Dentistry, Neuroscience, Nursing and Health Professions,Sports
and Recreation)]

12

TITLE-ABSTR-KEY (cranio-cervical flexion test OR cranio cervical flexion test OR
cranio cervical flexion)[All Sources(Medicine and Dentistry,Neuroscience,Nursing and
Health Professions,Sports and Recreation)]

[All Sources(Medicine and Dentistry, Neuroscience, Nursing and Health Professions,Sports
and Recreation)]

13

(TITLE-ABSTR-KEY (pressure biofeedback unit OR pressure biofeedback units OR unit,
pressure biofeedback OR units, pressure biofeedback) or (stabilizer OR stabilizers OR
stabiliser OR stabilisers OR biofeedback OR biofeedbacks OR craniocervical flexion
test)[All Sources(Medicine and Dentistry,Neuroscience,Nursing and Health
Professions,Sports and Recreation)]) OR (TITLE-ABSTR-KEY (cranio-cervical flexion
test OR cranio cervical flexion test OR cranio cervical flexion)[All Sources(Medicine and
Dentistry,Neuroscience,Nursing and Health Professions,Sports and Recreation)])

[All Sources(Medicine and Dentistry, Neuroscience, Nursing and Health Professions,Sports
and Recreation)]

14

TITLE-ABSTR-KEY(Neck muscle OR Necks OR "deep cervical flexor*" OR "rectus
capit*" OR Longus colli OR longus capiti)[All Sources(Medicine and
Dentistry,Neuroscience,Nursing and Health Professions,Sports and Recreation)]

[All Sources(Medicine and Dentistry, Neuroscience, Nursing and Health Professions,Sports
and Recreation)]

15

((TITLE-ABSTR-KEY (pressure biofeedback unit OR pressure biofeedback units OR unit,
pressure biofeedback OR units, pressure biofeedback) or (stabilizer OR stabilizers OR
stabiliser OR stabilisers OR biofeedback OR biofeedbacks OR craniocervical flexion test))
OR (TITLE-ABSTR-KEY (cranio-cervical flexion test OR cranio cervical flexion test OR
cranio cervical flexion))[All Sources(Medicine and Dentistry,Neuroscience,Nursing and
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Health Professions,Sports and Recreation)]) AND (TITLE-ABSTR-KEY (Neck muscle OR
Necks OR "deep cervical flexor*" OR "rectus capit*" OR Longus colli OR longus
capiti)[All Sources(Medicine and Dentistry,Neuroscience,Nursing and Health
Professions,Sports and Recreation)])

[All Sources(Medicine and Dentistry, Neuroscience, Nursing and Health Professions,Sports
and Recreation)]

16

(TITLE-ABSTR-KEY (sensitiv* OR responsive* OR (limit AND detection) OR "minimal
detectable concentration" OR interpretab*) or TITLE-ABSTR-KEY (((minimal OR
minimally OR clinical OR clinically) AND (important OR significant OR detectable)
AND (change OR difference)))[All Sources(Medicine and Dentistry,Neuroscience,Nursing
and Health Professions,Sports and Recreation)]) AND (((TITLE-ABSTR-KEY (pressure
biofeedback unit OR pressure biofeedback units OR unit, pressure biofeedback OR units,
pressure biofeedback) or (stabilizer OR stabilizers OR stabiliser OR stabilisers OR
biofeedback OR biofeedbacks OR craniocervical flexion test)) OR (TITLE-ABSTR-

KEY (cranio-cervical flexion test OR cranio cervical flexion test OR cranio cervical
flexion))) AND (TITLE-ABSTR-KEY (Neck muscle OR Necks OR "deep cervical
flexor*" OR "rectus capit*" OR Longus colli OR longus capiti))[All Sources(Medicine
and Dentistry,Neuroscience,Nursing and Health Professions,Sports and Recreation)])

[All Sources(Medicine and Dentistry, Neuroscience, Nursing and Health Professions,Sports
and Recreation)]

17

TITLE-ABSTR-KEY(Neck muscle OR Necks OR deep cervical flexor* OR "deep
cervical flexor*" OR "rectus capit*" OR Longus colli OR longus capiti)[All
Sources(Medicine and Dentistry,Neuroscience,Nursing and Health Professions,Sports and
Recreation)]

[All Sources(Medicine and Dentistry, Neuroscience, Nursing and Health Professions,Sports
and Recreation)]

18

TITLE-ABSTR-KEY (craniocervical flexion test OR cranio-cervical flexion test OR
cranio-cervical flexion OR cranio-cervical flexion test OR biofeedback OR stabilizer OR
feedback)[All Sources(Medicine and Dentistry,Neuroscience,Nursing and Health
Professions,Sports and Recreation)]

[All Sources(Medicine and Dentistry, Neuroscience, Nursing and Health Professions,Sports
and Recreation)]

19

TITLE-ABSTR-KEY (outcome assessment OR outcome measure* OR psychometr* OR
reproducib* OR reliab* OR valid* OR agreement OR interrater OR intrarater)[All
Sources(Medicine and Dentistry,Neuroscience,Nursing and Health Professions,Sports and
Recreation)]

[All Sources(Medicine and Dentistry, Neuroscience, Nursing and Health Professions,Sports
and Recreation)]

20

(TITLE-ABSTR-KEY (craniocervical flexion test OR cranio-cervical flexion test OR
cranio-cervical flexion OR cranio-cervical flexion test OR biofeedback OR stabilizer OR
feedback)[All Sources(Medicine and Dentistry,Neuroscience,Nursing and Health
Professions,Sports and Recreation)]) AND (TITLE-ABSTR-KEY (outcome assessment
OR outcome measure* OR psychometr* OR reproducib* OR reliab* OR valid* OR
agreement OR interrater OR intrarater)[ All Sources(Medicine and
Dentistry,Neuroscience,Nursing and Health Professions,Sports and Recreation)])

[All Sources(Medicine and Dentistry, Neuroscience, Nursing and Health Professions,Sports
and Recreation)]

113



114

APPENDIX 2. Definition and quality criteria for measurement properties.

Property / Definition Rating | Quality criteria
Reliability
Internal consistency / | * Cronbach’s alpha(s) 2 0.70
The degree of the i —_ i .
) ? Cronbach’s alpha not determined or unidimensionality unknown
interrelatedness among
the items - Cronbach’s alpha(s) < 0.70
Reliability / The | + ICC / weighted Kappa = 0.70 OR Pearson’s r 2 0.80
degree to which the
. ?
measurement is free | ° Neither ICC / weighted Kappa, nor Pearson’s r determined
from measurement
error ) ICC / weighted Kappa < 0.70 OR Pearson’s r < 0.80
+
Measurement error / MIC > SDC OR MIC outside the LoA
The systematic and
?
random error of a |’ MIC not defined
patient’'s score that is
not attributed to true
changes in the | _
MIC < SDC OR MIC equals or inside LoA
construct to be
measured
Validity
All items are considered to be relevant for the construct to be measured, for the
Content validity / The | +
y target population, and for the purpose of the measurement AND the questionnaire
degree to which the . ) .
is considered to be comprehensive
content of a PROM is 5
an adequate reflection ’ Not enough information available
of the construct to be Not all items are considered to be relevant for the construct to be measured, for
measured ) the target population, and for the purpose of the measurement OR the
guestionnaire is considered not to be comprehensive
- T
Structural  validity Factors should explain at least 50% of the variance
The degree to which
?

the scores of a PROM
are an adequate
reflection of the

dimensionality of the

Explained variance not mentioned

Factors explain < 50% of the variance
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construct to be

measured

Construct validity /
Hypothesis testing -
The degree to which
the scores of a PROM
are consistent with
hypotheses based on
the assumption that the
PROM validly
measures the construct

to be measured

Correlations with instruments measuring the same construct > 0.50 OR at least 75%
of the results are in accordance with the hypotheses AND correlations with related

constructs are higher than with unrelated constructs

Solely correlations determined with unrelated constructs

Correlations with instruments measuring the same construct < 0.50 OR
< 75% of the results are in accordance with the hypotheses OR correlations

with related constructs are lower than with unrelated constructs

- Cross-cultural
validity / The degree to
which the performance
of the items on a
translated or culturally
adapted PROM are an
adequate reflection of
the performance of the
items of the original
version of the PROM

No differences in factor structure OR no important DIF between language versions

Multiple group factor analysis not applied AND DIF not assessed

Differences in factor structure OR important DIF between language versions

- Criterion validity /
The degree to which
the scores of a PROM
are an adequate
reflection of a ‘gold

standard’

Convincing arguments that gold standard is “gold” AND correlation with gold

standard > 0.70

No convincing arguments that gold standard is “gold”

Correlation with gold standard < 0.70

Responsiveness

Responsiveness / The
ability of a PROM to
detect change over
time in the construct to

be measured

Correlation with changes on instruments measuring the same construct > 0.50 OR
at least 75% of the results are in accordance with the hypotheses OR AUC > 0.70
AND correlations with changes in related constructs are higher than with unrelated

constructs

Solely correlations determined with unrelated constructs
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Correlations with changes on instruments measuring the same construct < 0.50 OR
< 75% of the results are in accordance with the hypotheses OR AUC < 0.70 OR
correlations with changes in related constructs are lower than with unrelated

constructs

Legend: PROM, patient-reported outcome measures; MIC, minimal important change; SDC, smallest
detectable change; LoA, limits of agreement; ICC, intraclass correlation coefficient; DIF, differential item
functioning; AUC, area under the curve; +, sufficient; —, insufficient; ?, indeterminate.
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5 CONCLUSAO

A partir dos achados provenientes dos diferentes manuscritos realizados neste
projeto, é possivel concluir que os fisioterapeutas que atuam no Brasil ndo possuem
conhecimento suficiente sobre as carateristicas de feedback extrinseco embora o
considerem util e o utilizem na reabilitacdo da maioria dos seus pacientes. Os
fisioterapeutas que atuam no Brasil, utilizam principalmente feedback verbal e visual,
e com recursos como espelho, foto ou filmagem dos pacientes. A escolha das
caracteristicas de conteudo esta alinhada com as recomendacdes da literatura atual,
enquanto que as caracteristicas de tempo estdo em desacordo com estas
recomendacgdes. A maioria dos fisioterapeutas brasileiros nao realiza nenhum tipo de
teste de retencdo para avaliar o aprendizado motor, apdés o treinamento com
feedback extrinseco. Ademais, as principais barreiras sinalizadas pelos participantes
foram o alto custo e/ou falta de equipamentos adequados para este tipo de
abordagem, além da falta de treinamento adequado. Os fatores considerados mais
influentes para a escolha destas caracteristicas foram a experiéncia clinica e a

leitura de artigos cientificos.

Além disso, é possivel concluir que o TFCC é um teste valido e confiavel que pode
ser usado na pratica clinica como uma ferramenta de avaliagdo para os musculos
flexores profundos cervicais. Nenhuma propriedade de medida do TFCC foi
classificada com alto nivel de evidéncia. Devido as evidéncias conflitantes e de baixa
qualidade, recomenda-se cautela ao usar o TFCC para diferenciar subgrupos de
pacientes, bem como populagdes sintomaticas e assintomaticas. O TFCC deve ser
usada com cautela na pratica clinica e em ambientes de pesquisa como uma medida
de desfecho. Futuros estudos bem delineados podem impactar nas conclusdes

sobre o uso do TFCC como uma medida de desfecho.

Por fim, recomendamos que estudos futuros investiguem se o uso de caracteristicas
adequadas de feedback extrinseco, que ja se demonstraram superiores para a
aprendizagem motora em diferentes condigbes de treinamento e reabilitagdo, s&o
superiores a um exercicio convencional também na reabilitacdo de pacientes com

dor cervical que apresentem algum tipo de desequilibrio neuromuscular.
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ARTICLE INFO ABSTRACT

Article katgey: : Purpose: To systematically rewiew the effectveness of Physiotherapy interventions combined with
Received R Novernber 2015 extrinsic feedback (EF) compared to Physocherapy imterventions alone ar comtrol for the managrment of
Revewend in revised form neck pain and disabifny

4 Agrl 2007

Merhods: Randomized chaical trals weme searched and retnesed from six dasabases. from inception
through August 2016, Risk of baas of mchuded studics was assessed using the PEDro scale. When possible
data were pooled and Meta-anadyses were condocted. The gualey and strengrh of endence for cach

Accegeod § April 2017

m;d':&k oUtCome was assessed wsing the CRADE approach
i Satitaol Fesuits: Eght studies (3 = §77) were inciuded in The meview. The pooied estimates suggested Physio-
Musculosielesal retubilitation theragy Interveption - £F was nod superion o Plysiocherapy intervention alone for dissbény
Pressure hiofeedback (MD = -038; 9530 = 09 o 038 F = &%) but was supenor for pain (MD = -0.37; 9550 = -073
Exercise therapy to —001; ¥ = 68%) Physiccherapy Itervention — £ was not supenion than control for déisability scores
(SMD = —394; 95301 = —1206 w0 415 I = 923 Paysacherapy intervention - £F iatervention was
mare effective than control for pan scomes 3t shom-term (SMID = - 144; 9530 = -225 10-0563;
= 50 Most studies 4id not speciy nor wse the ideal charactenistics of EF,
Concizsion: There is very iow gualsy of evidencr that Physatherapy imerventan - =F s more eficctive
than Physiotherapy interventon sone o concrod for shart-term pain, bat not for disabikty. Physio-
therapy intervention péss £F was more efiecove than Prysiatherapy alone for acuse neck pan. bus not for
chrons: pain or disabilcy. There was hegh risk of bias within mcluded studies. Furure studies are Iikely 1
change the estimates of the offecss of Physcherapy intervention pius £F an neck rehabilitaton
© ZN7 Bsevier 11d. AR Tights reserved
1. Introduction Numemus neuromuscular impairments are associated with

neck pain including altered muscle recrutment pattern, muscle

Neck pain Is 2 common musculoskeletal disorder seen by gen-
eral practitioner (Carroll et al. 2009), and is the fourth cause of
years lived with disability (Vos et al, 2015). The one-year preva-
lence of neck pain ranges from 16.7% to 73.1% (Fejer ot 3l 2006}
The mean lifetime prevalence is 48.5% (Fejer ot al. 2006) and the
economic costs associated with this disorder are high (Martin et ol
Z008), Patients with neck pain present poor self-reported heaith
status, and are more likely to suffer from depression (Fernandesz-
De-Las-Penas et al, 2011).,

* Correspending author Cemtre for Health, Activity Joc Senabilicstion Researct
School of Physiotherapy. University of Otage, New Zealand.
Emai cddregess fanciscoango@gmalicom (EX Ange), msthellfond
Frascom (AL Scholl Schesl), danie nibero@otagoacns (OO Ridetrol

htap:/idx.dolorgs HLI016! msksp 20T S04 005
2455-7312/0 2017 Elsevier Lad. All rights reserved.

weakness, poor muscle endurance and proprioception (Falla anc
farina 2008) Cervical spine rehabiltation often comprises of
specific newromatscular training (Gross et al_ 2016), with the use of
extrinsic feedback (EF) (Jull et al, 2009) as pant of the treatment.
Exampies of EF include pressape feedback units (Jull «1 3l 2009)
witrasound (fesas ot 2l 2008 ), and electromyography (Volienbroek.
Hutten ot 51, 2006). The ratonaie for rehabilitation exercises with
bicfeedhock s 190 Jugment patient’s somatosensory system, and
mestore optimal motor control of the cervical spine muscles
{Hodpes, 2011; Huang =t al. 2006; Schmidt and Wrisberg, 2009}

The charaaeristics of EF may facilitate or hinder recovery
[Rbewn et 21 20115) According to the motor control and leaming
Izerature, the use of feedback will optimize motor control if pro-
vided to wser with the following features: {1) content
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characteristics: program, summary results and external focus of
attention: (2) timing characteristics: reduced frequency or seif-
selected feedback (Magill, 2007; Ribeiro et al, 2011b; Schemdt
angd Wrisberg, 2009). The literatwre also suggests that non-ideal
forms of EF can hinder motoe learnming (Magill, 2007, Schmidt and
Wrisbery, 2009), potentially impacting on recovery {(Ribeiro ot i,
2011b). A critical literature review suggested that most research
exploring the use of £F on the management of low back pain has not
considered the ideal forms of EF provision {Ribeiro et al, 20112}

‘There is conflicting evidence in the literature for including £F 25
part of neck rehabilitation programme, and that may be 2xpiaimed
by the different forms of the EF is being used {Falla et al, 2007 Jull
€t al, 2002}, Therefore, the research questions of this review were:
{1} in patients with neck pain. do physiotherapy interventions
combined with EF reduce pain and improve disabifity comparsd to:
A control condition (of either no treatment or 3 placeboisham) or
Physiotherapy intervention alone? (2) Are studies assessing the
effectiveness of EF on the management of neck pain adopting the
ideal characteristics of feedback provision?

2. Methods

for Systematic Reviews and Meta-Analyses (PRISMA! recommen-
dations (Liberati et al, 2009) and was prospectively registered 2t
the International Prospective Register of Systematic Rewiews
{PROSPEROQ) (registration number: CRD42015020555).

2.1. Mdentification and selection of studies

A health sciences faculty brarian helped with the electronic
search strategy, Searches were conducted on Grahl, Embase,
Medline, Psycinfo, Scopus and Web of Science databases, from their
inception to August 2016, A description of the search strateges,
with key-words and Boolean terms used & presented in Appendix
1. We also screened reference Jists from included stisclies. Studies
being reported an languages other than English, Portuguese, italian,
or Spanish were excluded.

Studies were included if they were randomized dlinical mal
{RCT) and met the other inclusion criteria summarised in Fig ©
Studies were excluded if they used any other study design than
RCT; included healthy participants; or the feedback interveation
focused on ergonomic training, o7 behaviowral feedback. Studies
were glso excluded if the feedback intervention did not focus on
motor training. Conference abstracts were also excluded.

Studies identified through the electronic search were stored in
Endnote software (X7.5, Thomson Reuters). One reviewer (MSS)
identified and removed duplicate results. Two reviewers [FXA and
MSS; indlependently screened all titles as well 3s reference lists, and
at the second stage of study selection. screened abstract and full-
text articles according to the inclusion and exclusion criteria Re-
viewers were not blinded for journal titles, authors and institutions,
as research has shown that blinding does not affect the inclusson
and data extraction of studies when conducting a systematic re-
view (Berlin, 1997). In case of multipie reporting, one study was
included in the review, and all others were referenced.

Data were extracted independently by cne reviewer (MSS) 0 2
standardized data extraction form, and double-checked by a second
reviewer (FXAL In case of disagreement, 3 third reviewer was
consuited [(DCR). Information about author, publication year, sam-
ple size. study design, study purpose, interventions, feedback
characteristics, number of subjects in each condition. follow-up
time-points (if applicable). frequency of the mterventions @
applicable), outcomes measures, comparators and results were
extracted from each study. The extrinsic feedback characteristics

extzacted from studies inchuded: timing («.8 concurrent, terminal
and frequency)l content (€5 Program. Parameter, SUMMary,
averape. tandwidth and focus of attention) characteristics, and the
nature of feedback (g, knowledge of results or knowledge of
performance) (Ribeiro ot 3L, 20113). For the purpose of this study. 3
short-term follow-up was defined as 0 to 12 weeks, midterm
follow-up defined as 13 1o 26 werks and Jongterm follow-up
defined as more or egual to 27 weeks.

22 Rk of bios within indluded studies

Risk of bias of included studies was assessed using the PEDro
scale (Maher et al. 20031 Two reviewers (FXA and MSS) inde-
pendently assessed the risk of bias of included studies, and a third
revewer [DCR] was comsulted if no consensus was achieved. Trials
scoring greater than six were considered to be lower risk of bias,
while trigls scoring 6 or less were tconsidered a3 having high risk of
bizs [Armagio-Oivo ot 3l 2015). This instrument has shown good
levels of walidity and reliability (de Morton, 2009 Macedo et al.
2010 Maher et 3, 2003)

21 Porncs

Tnals mvolving people with non-speafic neck pain, with or
without radicular symptoms, of neck pain with associated head-
ache. aged between 18 and §5 years old were considered for in-
clusion There was no restriction related to the source of
pasucipants.

24 Evrrwentions

which include the use of an EF (eg. pressure binfeedback, electro-
myograpty feedback). Studies were eligible if comparing EF with
pinsiotherapy aone or with 3 control group.

25 Owutcome measures

The primary outcome measures were neck pain (measursd
roeshost visual analogue scale, or 2ny other instrument such as
algometer), and functional disability (e.g. neck disability index or
other scale) The secoand outcome measure, when reported, was
mator performance (o5, the ability 1© recuit deep  cervical
mRncies ).

25 Dote anclysis ond guality of evidencr

Meta analyses were conducted using Review Manager software
[Version 3.3, Copenhagen, The Nordic Cochizane Centre) using the
random effects model (Review Manages, 2014), The mean differ-
ence [MD) or standand mean defference {SMD) was calculated using
deviations, and statistical heterogeneity was quantified with the 1.
The pooled data for each outcome were reported as SMD or MD
with 2 35X (O When all studies in 2 homogenous meta-analysis

group reported an outcome using the same scale, then MD was
M while SMD was calculated for outcomes using 2
different scale. Statistical significance was st at 3 level of 0.05.

We compared pain and disshility at short, mid and Jong-term
between: Physiotherapy intervention pius EF and Physiotherapy
intervention alone; and Physiotherapy intervention plus EF and
control. For the purpose of this review, we considered 3s control
any mactive intervention, 35 for example cither no intervention or
an mtervention that i unfikely to lead to any therapeutic effect
{Higgms and Green. 2009) We conducted 2 subgroup analysis for
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studhes comparing: “Physiotherapy intervention plus EF verses tha
same physiotherspy intervention without £F: and 3 subgroup
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including patients with different subtypes of neck disorders (eg
non-speafic neck pain. with or without radicular symptoms, or
cervicogenic headache) We opted for that approach, as the prin-
ciples for using extrinsic feedhack is the same [ie. 1o resiore
optimal control of the cervical mascles). A recent Cochrane review
(Gmﬂ&mlﬁ)hsudamwhmm

on pain and disability in patients with 3 specfic subtype of neck
disorder (g chronic neck pain or headache ).

The quality and strength of evidence for sach outcome was
assessed using the CRADE approach, as suggested by the Cochrame
Coliaboration (Guyatt =t 2l 2011 ). Strength and quality of svidencs
was categorized as follow: (1) High-quality: consistent fndings
2among at Jeast 75% of the particpants from low nsk of hias stedies:
consistent, direct and precise data; and no known or suspected
publication biases. Further research is unlikely 1o change sither the
estimate or confidence in the results; (2) Moderate-guality: ane of
the domains was not met Further research is kkaly to hove an
important impact on confidence in the estimate of effect and may
change the estimate; (3) Low-guality: two of the domains were not
met. Further research is very Biely to have &0 important impect oo
confidence in the estimate of effect and s Feely to changs the o
timate; (4) Very iow-quality: Three of the domains were not met
and the results are very uncertaim,

2. Results

31. Fow of studies through the review
clusion process is Mlustrated in Fig. 2

32 Risk of bias within inchuded studies

A very high inter-rater agreement was found for the PEDmo
sores [k = 0.504: 552 (0 — 0.812 to 0.956). The PEDro s<ore ranged
from two 1o seven (Table 1) Seven out of esght tnals scored less

than six or less on the PEDs scale, and were considered a3 having
high risk of ias [(Gadan o 31 2013; igha =t al, 2013 Nezamuddim
et 2013}

i3 Gude

Soth semmary of indings and evidence profilz are presentad in
Table 2 The overall grade of the evidence obtained for Physio-
therapy intervention plus EF ranged from “low” 1o ‘very Jow” grades.

34 Chorocarristics of inciuded triclh

241 Poroopants

A sammary of the charactenistics of included stodies is pre-
seaged in Tahle 3. Most studses included patients with neck pain
{8 =387)(Cniu et 22 2005; Falla ex 2l 2007; igha! et 2l 2013; jull
ot 2 2007, 2009; Nezamwddin et 21, 2013) Two smadses (igba!
et 2l 2015 Nevammeddin ot a3l 2013) assessed patients with
acuge neck pain (n = 80), while three studies {Faila et 2L 2007; jull
=t 3. 2007 2009) assessed petients with chronic neck pain
(= = 162} One study (ull et 2l 2002) inciuded 200 patients with
neck paim with associated headache, and ons study inciuded 90
participants with trigeer posnts i the upper trapemus muscie
Caxdan et 3. 2013)

342 imteryemnions

There were two different sources of £F in the included articies:
peesswe biofeedback stabikires (Chiu ot 3l 2005:; RS ot 21, 2007,
ighal et 3, 2003; Jull =2 3l 2007, 2002, 2009; Nezarmuddin <t sl
2013} wearabie sudio-biofeedback device (Cizdan ot 3l 2013}
The type of feedhack was vissaltactile ((hiu ot 2L, 2005; Fallaet al,
2007; gt et 2l 2013; jull et 3l 2007, 2002, 20093, visualtactile/
verbal [Nezamuddin ot &, 2013 ) and autory {Chzdan et &l 2013),
Two studes compared Physotherapy intervention plus EF versus
contzol (Criw ot 2l 2005¢ jull 2 3. 2002). The control interventions
comprised of infrared wradiation (Chiu et al | 2005) and no phys-
iocherapy meervennion {(Jull e 21 2002) The nature of £ used by
the stucies is presenged in Iabie 3 and EF timing and content
characeristics adoptec by stuches are reported in Table 4

343 Ostromes ond Mow-pots

Seven studies mesared both pain and disshilty outcomes (Thie
ot 3 2005; Gaadan ot 3l 2013; Falla ot 2l 2007 igbal ot 3l 2013;
=5 et 32007 2002, 2009, whereas aonly one study reported only
pam 25 oetoome (Nezamueddm ot 2l 20131 All included stodies
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Titles and sbstracts excluded
(n~342):

Not RCT, not related to non-specific
neck’shoulder pain, no EF training or
treatment.

Fuall-text excluded:

-Not related 1o cervical (5):

-Not RCT (2);

-Not included Physiotherapy and EF
in the comparison (12):
-Publication m Arabic (1);

-Not peer-review publication (1),

Fig 2. PESMA Foschunt Sapan

reported short-term follow-up (Chiu et al 2005; Cuzdan er 2l
2013; Fala et al, 2007; igbal et al, 2013; jull et al 2007, 2002
2009; Nezamuédin et al 2013), with one study (Chiu ot ai
2005) reporting mid-term, and another [Jull e al 2002) jong-
term follow-up.

35 Efeas of intervension

351 £fea of Mysiocheropy inzervencion plus £F versus
Pysiatherspy intervennon clone

The poolec estimage from five trials (Cizdan et al 2013; falla
et 3l 2007; Igbai «t al. 2013; Jull =t al. 2007 2002, 2009)
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meky(Fg. 3] There is very low-guality (CRADE) thae
intervention pius £F dic not promote better results
for disability than Physiotherapy intervention alone 3t short-term
follow-up [Table 21
We 3lso comparned Physiotherapy intervention plus BF versns
Physiotherapy intervention alone on short-term pain Som six trisls
involving 312 partiGpants [Coadan ot sl 2013; Rlls et 3l 2007
ighal et al., 2013; Jull et 3, 2007, 2002, 2005: Nezamaddin ot 3l
2013} Pooled estimates sugpest statidtically signiicant diffes-
ences in favour of Physiotherapy interventen plus &F for pan
(fe 3LMBWMM(M)MM

to Physiotherapy intervention alone on dissbility (MD = -30. 552
Q= -8121%0 212 p = 0.25). as well 35 on pain (MD = -042. 953
{ =-139100.55. p = C40). There is ow-quality svidence [GRADE)
suggesting that Physiotherapy intervention plus EF ieads to better
outcomes than Physiotherapy mtervention slone (Le., dissinity and
pain) 3t long-term follow-up compared to Physotherapy inter-
vention alone (Tabie 2)

3152 Effect of Physiatheropy intervention plus EF versas contral

The short-term effects of Physiotherapy intervention plus EF
versus control on disability and pain were oGmined by pooling
post-intervention dats from two trials [Coe ot 2l 2005; jull ot 3l
2002, with a total of 242 patients. The pooled sstimate indicated
no statistically significamt differences Detween M
intervention plus £F and control for disability scores [Sg 4. St
ustically significant differences wers found for pain scores
favouring Fhysiothezapy intervention pius £F intervention (g 4.
At short-term follow-up, there s very low-gualty evidence
(GRADE) that Physiotherapy interventon plus £F is not supernior
than control for improving disability as well as very low-gualey
evidence (GRADE) that Physiotherapy intervention plus EF &5 su-
perior than control for improving pain (Tabis 2)

One trial (Chiu ot 3L, 2005) with 145 participants, assessed the
effiect of Physiotherapy intervention plus EF verss control on
disability and pain at mid-term follow-up. That study repurted no
statstically significant differences between Physotherapy inter-
vention plus EF and control on disability scores (MD = 02 953
Q = 0.0 0 0.4 p = 0.08). There is low-quality svidence [CRADE)

that Physiotherapy intervention plus EF s not better than control
for mmproving disability at mid-zerm foliow-up. With regands to
pain scores, Physiotherapy intervention plus £F presented supernior
effect than control (MD = 12 9530 < 041020 p < 0.05]. There is
ow-guaity evidence (GRADE) that, 3t mid-4erm follow-up, Phys-
therapy mtervention plus EF smproves pain outcomes compared
to control. Another trial Jull =t 3l 2002), with 57 participants,
assessed the long-term offecs of Physiotherapy intervention plus
EF versan control on disshility and pain. Physiotherapy intervention
plus EF mas statistically sigaificant superior to control in reducing
dushity (MD — -7.77, 9530 = - 1262 to -291, p — 0.0023] and
pain (MD = -137, 9580 = -231 o0 -042 p = 0.0054) There is
low-gquality evidence [ GRADE | that Physiotherapy intervention plues
EF leads 1o better outcomes (Le disshility and pain) at long-term
foliow-up if compared to control (Tabls 2)

333 et of Pysiatheropy indervention plus BF wrsss thot ssme
physctherapy intervration without £F

Only two studes (Coxdan ot ai. 2015: ighal ot &, 2013)
ompesed “Physsatherapy intervention plus EF versus that same
FEnysatheapy intervention withowt EF with 3 total of 90 partic-
pents. Due to heteopensty regarding the type of EF (e g pressure
biofeedhack stabdlper (ighal et 2l 2013) and wearabie audio-
bicfeedhack dewice (Cimdan ot 2 2013), we did not conducx
met2 Ome seudy (lgbal er 2l 2013) used pressure heofeedback
stabiliper 2 the EF tool and reported statistically significant dif-
mmmmu-sermm
ame intzrvention on: disahility (SD = 339, 95%
Q= -357w 177, p = 0.000) and pain (SD = 1.06, 9531 = -212
o 832 p = 00005] &t short-term. Another trial {32] wsed
wersble sado-Sofecdback device as the EF tool That trial
[Ciram ot 3. 2013) seported mo statistically sgoificant differences
between Physotherapy imtenvention plus EF versas the same
Fosatherspy intervention on dsabifity (SD = 1151, 9520 - 052
© 058 p = 20962] and pain [SD = 145, 9530 = 025 w075,
p = 03483] & shontaemm.

354 Ifea of Pysiocchernpy phs £F on potienss with anste neck
pam

Two studies (ighal et 2l 2013; Nezamuddin et 3, 2013)
ompared “Physatherapy Intervention plus EF v Physiotherapy
imtervention™ for patients with acute neck pain (n = 80 partic-
pants) and Sndings gpes Detier oumtcomes for Physiotherapy
Intervention ples £F for pain &t short-term (Fg. 5) For that com-
parsom, wr found low heterogeneity for offect sstimates [as
oxpressed by the 2 egual to 2070); and there was low heterogeneity
or paticigents, mtervestions and owtcomes from these studies,
with the exception of the control intervention. ighal et al [2013)
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used as control intervention exercise therapy focusing on cervical 355 Effec of Physiotherapy pius £F on panients wirh chronic neck

deep flexors (without the use of extrinsic feedback) whie  pam

Nezamuddin et al. (2013) used stretching and strengthening exer- Three studies (Falla ¢t al. 2007; jull et 3l 2007, 2005) compared
tises that akso included exercise therapy focusing on cervical desp pein and disability outcomes betwesn “Physiotheragy Intervention
flexors {without the use of extrinsic feedback) pius EF and “Physiotherapy intervention™ in patients with chronic
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neck pain (n = 182 particpants) at short-term follow-up (Fg. &)
There were no differences between interventions for both dissbhility
and pain [Fig 6

4. Discussion

This review assessed the effectiveness of 5F on paim and
disability outcomes for the treatment of patients with peck pain
mmmmmusmhm

vention plus EF is not superior than control for disability atr short-
Physiotherapy intervention plus EF is superior than control for pain
outcomes. Based on findings from single studies, there s low e
dence suggesting no difference between Physotherapy interves-
tion plus EF and EF alone for disshifity snd pain, at short- and Jong-
term follow-up, There is also low quality evidence supporting that
Physiotherapy mtervention pius £F i no different 1o control for
disability, but is superior for pain, at mid-term follow-up. At long-
term, there is low evidence suggesting no differences between
Physiotherapy intervention plus £F and Physiotherapy intervention
therapy intervention plus EF is more effective than control for
improving disability and pain.

1t is reasonable 1o 2ssume that motor control training will have 2
larger effect on patients who present with motor controd impair-
ments. Five studies (Chiu ot al. 2005; Ciizdan et al, 2013 Ighai
et al. 2013 Jull et al. 2002; Nezamuddin et 3. 2013) &d not
of cervital musdies; while the other three included patients who
presented poor performance in the cranio cervical flexdion test (Falis
ot al. 2007; Jull ot 3. 2009) or reduced joint position sense (Jull
¢t al. 2007). The absence of impaired control of cervical muscles
at baseline may have impacted on effect estmates of these five
studies. On the other hand, it has been repeatedly reported in the
control of cervical muscles (Jull ané Falla. 2016; Lindstrom et 2l
2011) Based on that, there is 2 small chance that the efiect esti-
mates repartad by studies included in our review are hiased

Overall, the EF charactenistics were not adeguately descrided.
None of the incuded studics reported prameter, suTUnary.
average or bandwidth content characteristics, Such characteristics
are crutial for motor leaming. and might have imfivenced clinical
outcomes [Herbert et al. 2008). The effectivensss Physiotherapy
intervention plus EF may have bern hindered by the non-ideai
forms of EF provision. A rationale for £F has been proposed for
low back pain rehabilitation {Herbert et 2l 2008), and that could
also be used a5 2 guide for neck rehabilanion Future studes

aessing the offectivensss of BF in neck rehabiltation  should
carciully plan bow BF is provided to patients,

Previows revicws assessed the effect of exercise on neck disor-
ders (Gooss ot 3, 2016), asxd EF on Jow back pain (Ribeiro et 3l
20113} Moderate 10 low quality evidesce that exercises in-
maeﬁmbmpﬁdmmw
beadache [asspciated with meck pain) at short- and Jong-term
{Gross et 3 2075). Ridewro et & (20712) presented important in-
sghes about the role of different EF characteristics, and recom-
mended the prowsion of corain characrenistics for feedback
prowssion. These authors 2so mentioned that studies did not
adeguately report the characteristics of EF. Similar to findings from
Ribeiro et 2l (20712} the conflicuing evidence for inchusion of EF as
part of the rehalaitation programeme (for neck disorders) may be
due to non-ideal forms of EF provision.

Muscuionicsictal physiotherapests should consider the impact of
feedback chazacteritic on motor control and leaming. There &
mmmma:Wmmmum

the mopact of different forms of feedback prowision on motor
fearning s scarce (Herbert ex 2 2008). Further research is war-
ranted 20 confirm which are the ideal forms of feedback provision
for patsents with neck pain. In the meantime. we suggest cimicians
o expiore the proposed ideal forms of feedback provision that are
bases on motor control and dearning research.

Imtervention Jlone for patients with acute neck pain 3t short-term.
This cfiect extimate & based i only two trials, and there was some
the two studies. One study (igbal ot 3l 2013) compared the deep
cervkal Somr trEning with a=d without EF, the other study
NezamadSn ot 3. 2013) compared motor control Uaining for
Cancervical fiexor mmncie plus EF with graeral strength and
strerching exertises. The heterogensity for control intervention
may have mmpacted on pooled estmatad effeces. Xt has been sus-
gestad that some heterogenerty Detween studies s inevitable
{Higzns er 2l 20111 While the “rontrol™ intervention was not
exactly the same, we consicered these as similar enough to allow
for meta-analyss Sased on that, it s difficult © drawm any
conciesion regardng the addtonal value of the £F to the rehabil-
Crea

Ened oo o findings, the ase of EF was not as effective for
petients with chromic neck pain. &5 #t was for pain patients with
mencular Impeirments such a5 mcreased superiicial cervical flexor
Xty and. Smmltancossly, inhibition of deep cervical foor
mancies Jull and FGEa 2075). but 3o present with 3 number of
belefc and fears around movement and thesr musculoskeletal
cisorder. These findings saggest the need of muiti-modal in-
therapy (Sutton et 2l 2016; Taimela ot 2 2000}
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the rehabilitation programme for neck disorders {as previous re-
view focused on exercises intervention only . Studies with low risk
of bias and with the ideal forms of EF provision are Likely to change
the evidence for £F on neck rehabilitation. The imitations of this
review include the high statistical heterogenesty (greater than 90!
found in included studies. Most of the included studies had small
sample size (less than 50 patients) and seven studies presentad
high risk of bias (PED7p score less than 6/10). in addition, kaif of the
included studies were conducted by the same resesrch group,
which may impact on the external validity of the findings. Fimally,
we included only studies published in English, and this may in-
crease the chances of publication hias.,

Our review has identified research gaps in this fcld Feturs
studies could: explore different forms of EF provision and the
impact of that on clinical cutcomes; compare the effectiveness of
different types of feedback on clinical outcomes in patients with
neck disorders; which patients (Le. acute, subacute or chronic) am
more likely to benefit from EF; and zssess the addition of EF with
optimal timing and content characteristics lead to berter climscal
outcomes compared to physiotherapy alone. In addition, futus
studies should provide a detalled description of feedback charac-
teristics, explicitly presenting the content and timing charactens-
tics of feedback used in the study. This will ensure we can clarify the
role of extrinsic feedback in the management of neck disorders.

In conciusion, this systematic review presents very iow to low
quality of evidence that Physiotherapy intervention plus EF i moms
effective than Physiotherapy intervention alone or control for
short-term pain, but not for dissbility. In addition, Physiotherapy
intervention plus EF was more effective than Physiotherapy 2iooe
for acute neck pain, but was not superior for pain and diszbilty in
chronic patients at short-term foliow-up. Due to high risk of bias
within included studies. and the low strength and guality of ew-
dence. future studies with low risk of bias are likely to change the
estimates of the effects of Physiotherapy intervention plus EF on
neck rehabilitation. In addition, researchers and clinicians are
encouraged to carefully consider the characteristics of EF provision
as these may hinder or enhance recovery,
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Appendix 1. Search strategy

The search of ONAHL, EMBASE. MEDLINE, PSYCINFO, SCOPUS
anc WEB OF SCIENCE databases was optimised by using the related
terms used in previous ressarch for particdpanis (neck pain)
intervention {external feedhack) and outcomes {pain, disability ).
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1} Neck pain
2) Feedback
3) Biofeedback
4) Barinsic Feedback
5)20R30R4
6] 1AND S
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Instituigho Proponente: Universidade Federal de Ciincias da Saude de Porto Alegre
Patrocinador Principal: Financiamento Proprio

DADOS DO PARECER
Numero do Parecer: 3 310070

Apresentagho do Projeto:

Inrodugho Par o aprondizado de uma nova tarefa motora o COrpo humano valo-se de nformagdes
sonsonals aferentos que podem ser provenianies de um sistama do foadback INHNEECO OU extrinseco
Pacientes com diferantes condigdes clinicas podem apresentar uma perda de fungdes neuromusculares
levando #o comprometimento do uso das informacoes Intrinsecas Nosses Casos 0 uso feedback extrinseco
(ou aumentado) como farramenta para meihora do desempenho & pratica corriqueira dos profissionais que
dam com movimento. Algumas avidéncias sugerem que algumas caracteristicas de feedback extrinseco
podem tanto melhorar como inclisive prejudicar 8 performance ¢ o aprendizado motor. Alem disso. uma
revisho mistematica apontou um efeito significativo a favor do use do feedback extrinseco adicional & outras
abordagens fisioterapbuticas. Esta revisdo. porem, constatou que os estudos ndo reportam adequadamante
as carncleristicas utlizadas. Uma possivel exphicagdo & o desconhecimento pelos fisioterapeutas das
diferentes caractoristicas o da relevAncis das mesmas nas varaveis de desfechos analisadas Objetivo
Identificar 0 conhecimanto dos fisioterapeutas que atuam no sul do Brasd sobre as diforentes carateristicas
do feedback extringeco. Metodologin Este & um estudo observacional dosctitivo transversal quantitativo
N6s desenvolveramos um formulano de preenchimanto onine para ser respondido pelos Nsolerapeutas
atuantes no sul do Brasd. Um total de 1233 fisioterapeutas serdo convidados o resaponder a pesquIsd
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straves do envio de e-madls pelo CREFITO-S. Apés 2 assinatura do Termo de Consentemento Livre &
Esclarecido. uma séne de 24 questdes de Muliphs e3coing englobardo dados demogratcos. Caracleristcas
ﬂ“hmﬂoohmkwh“nuo“mmm
MQWM**MWMM“W
Para venficar 3 3850CIaG0 entre 38 vandvess serd WHhzado o teste Qur Quadrado O nivel de LgbcIncd
230tado pars 0

e3ludo serd de 5% ( » 0.05)

Objetivo da Pesquisa:

Qtyetvo geral Wommmumnuammum
Caratorishcas de feeddback oxtringeco

Objetvos especifcos
WOWOOMQWM*MMMM.‘N
Wumumm“uwwamcm
mw.u.mnum
moﬁmmaunmuuwm
mummmmamawmmm
que atuam no sul do Brasd

Avaliagdo dos Riscos e Beneficios:

Riacos AMQ.MM&WWM.MM Poderd haver raco de
Wumﬂnmﬁrum A decsdo em paicpa deste estudo ¢
voluntana owmmmmom Uma vez que 0 parbcipante decidn
mnﬂommm:uwom.mm Seo
mmmmn“omum,&wmmnm
Beneficios mw.umumammwmo
conhecimento cientifico sobre um tama relevante O benelicio N30 verd iIndradusl mas para & classe
profissonal mmnm*mmmmmamm
mmum““um

Endereco  Hus Saments Lese J4%

Bawre  Semwrts cEP: WO

uF: RS Mumicighe:  PORTO ALEGRE

Tolefone: (51132038304 Emal O Aces ot W

Pagretl w4

131



UNIVERSIDADE FEDERAL DE
CIENCIAS DA SAUDE DE W
PORTO ALEGRE

Commmuache s Pamcw 1178578

Comentdrios ¢ Consideracoes sobre a Pesquisa:
Ammmm.mmomamamo

taoterapa e atns

Consideragoes sobre o8 Termos de apresentacio obrigatonia
Todos O 1erMos SHMIENtados & Sustados de acOrdo com recomendacies CEP UFCSPA

TR ELL

i i

[ T e ] CEP: w1
w RS Wamcigen  PORTO ALEGRE
Telwfone:  (91)2003 0004 Emalt  copQ)taps s e

Fagruim n

132



133

UNIVERSIDADE FEDERAL DE
CIENCIAS DA SAUDE DE W
PORTO ALEGRE
Cartmunchs 80 Pasaer 1 118 0™
Situagdo do Parecer
Aprovato
Necessita Apreciagdo da CONEP:
Nao

Endeteco  Mus Sarmeeto Late 48

CEP. 90050170

UF: RS Municiple:  PORTO ALEGRE

Totwtone  (41)33004804 St Outings otue

Pagrn -



UNIVERSIDADE FEDERAL DE
CIENCIASDASAUDEDE  GRBradl ="
PORTO ALEGRE
e ——

DADOS DA EMENDA

Titulo da Pesquisa: CONHECIMENTO DE FISIOTERAPEUTAS DO BRASIL SOBRE CARACTERISTICAS
DE FEEDBACK EXTRINSECO

Pesquisador: Marcelo Faria Siva

Area Temitica:

Versdo: 4

CAAE: 05024918.6.0000.5345

Instituigdo Proponente: Universidade Federal de Céncas da Salde de Porto Alegre
Patrocinador Principal: Financiamento Propro

DADOS DO PARECER
Namero do Parecer: 3.584.833

Apresentacido do Projeto:

Trata-se de Emenda para alteragdo de alguns itens do proeto @ aprovado previamente. Anteriormente a
pesquisa seria aplicada apenas aos fisioterapeutas que

atuassem no estado do Rio Grande do Sul e nessa emenda esta sendo solictado expansio do estudo para
aplicagac do mesmo guestionaro para os fisioterapeutas de

todos os estados do Brasi.

Introdugéo: Para o aprendizado de uma nova tarefa motora 0 corpo humano vale-se de informagdes
sensoriais aferentes que podem ser provenientes de um sistema de feedback intrinseco ou extrinseco.
Pacientes com diferentes condi¢des clinicas podem apresentar uma perda de fungbes neuromusculares,
levando ac comprometimento do uso das nformacgdes intrinsecas. Nesses casos 0 uso feedback extrinseco
(ou aumentado) como ferramenta para melhora de desampenno € pratica comgueira dos profissionas que
lidam com movimento. Algumas evidéncias sugerem gque algumas caracteristicas de feedback extrinseco
podem tanto melhorar como inclusive prejudicar a periormance € ¢ aprendizado motor. Além disso, uma
revisao sistematica apontou um efeito signficativo a favor do uso do feedback extrinseco adicional 4 outras
abordagens fisioterapéuticas. Esta revisdo, porém, constatou g ue 0s estudos Nao reportam adequadamente
as caracteristicas utilizadas. Uma possive!
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explicacao & o desconhecimento peios fisioterapeutas das dferantes caracteristicas e da relevancia das
mesmas nas variaveis de desfechos analisadas. Obetvo: identificar o conhecmento dos fisioterapeutas que
atuam no Brasi! sobre as diferentes carateristicas de feedback axtrinseco. Melodologia: Este é um estudo
observacional descritvo transversal quantitativo. Nos desenwvolverames um formulanio de preenchimento on-
line para ser respondido pelos fisioterapeutas atuantes no Brasi, inscritos nos conselhos regionais de
Fisioterapia das suas respectivas regides. Os fisioterapeutas serdo convidados a responder a pesquisa
através de envio de e-mails pelo CREFITO-5 e pe'a Associagac Brasieira de Fisioterapia Traumato-
Ortopédica. Apds a assinatura do Termo de Consentmento Livre ¢ Esclarecido, uma séne de 24 guestdes
de miltipia escolha englobardo dados demograficos, caracteristcas da area de atuagaoc ¢ do tipo de servigo
de salde em que o profissional atua, conhecimentos sobre caracteristicas de feedback extrinseco assm
como barreiras encontradas na utizagao desta abordsagem. Para verificar a associagac entre as varaveis
sera utilizado o teste Qui-Quadrado. O nive’ de significdncia adotado para 0 estudo sera de 5% ( = 0.05).

Cortinuagda do Parocer: 3. 584 833

Objetivo da Pesquisa:

2.1. Objetvo geral

identificar o conhecimento dos fisioterapeutas gue atuam no Brasi sobre as dferentes carateristicas de
feadback extrinseco.

2.2. Opjetivos especificos

Identficar a frequéncia de utilizagac de feedback axtrinseco pelos fisioterapeutas que atuam no Brasil
Identificar os fatores que contribuem para escoina das diferentes caracteristcas de feedback extrinseco
pelos fisioterapeutas que atuam no Brasil.

identificar o perfil dos fisioterapeutas do brasii que utizam feedback extrinseco.

Identficar as principais barreiras que impedem a utizacao de feedback extrinseco pelos fisioterapeutas que
atuam no Brasil.

Avaliagdo dos Riscos e Beneficios:

Hiscos:

Podera haver risco de constrangimento do particpants ao responder as pergunias, ou eventual guebra do
sigilo da identidade, uma vez gue o participante deve fornecer 0 seu nimero do registro no conselho
profissional. Sua decisdao em participar deste estudo € voluntana. Voch pode decidir nao participar do
estudo. Uma vez que vocé decidiu participar do estudo, vocé pode retirar
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seu consentimento e participagic a quaiquer momento,assim como suspender 0 preenchimento do
questionario e / ou nao submeater 0 envio das respostas. Se vocé decdr ndo continuar NO estudo e retirar
sua particpacao, nao havera nanhum tipo de prewizo.

Beneficos:

Como fisioterapeutas, os voluntarios que participarem do estudo r3o contribuir para o conhecimento
cientifico sobre um tema relevante. O beneficio n&o serd indiwvidual, mas para a classe profissional. Os
achados do presente estudo poderdo contribuir para futuros projetos de pesgquisa assim comoe para um
melhor tratamento oferecido os pacentas.

Comentérios e Consideragoes sobre a Pesquisa:

A pesquisa possul relevancia académica e busca conhecmentos de ineresse da classe de profissionals da
fisioterapia e afins.

Consideragtes sobre os Termos de apresentacao obrigatoria:

Todos os termos de apresentagao cbrgatdria foram apresentados.

Conclusdes ou Pendéncias e Lista de Inadequacdes:

Trata-se de Emenda para alteragdo de alguns itens do proeto @ aprovado previamente. Antenormente a
pesquisa seria aplicada apenas acs fsioterapeutas que atuassem no estado do Rio Grande do Sul e nessa
emenda esti sendo scolicitado expansao do estudo para aplicagao do mesmo gquestionadno para 0s
fisioterapeutas de todos oS estados do Brasi.

Consideractes Finais a critéric do CEP:
De acordo com o parecer do Relator.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Stuagao
informacgbes Basicas| PB_INFORMACOES BASICAS 140110| 02082018 Aceto
doProisto 12 F1pdf 162134
QOutros Termo_Anuencia_Abrafito pof 02/08/2019 |Francisco Xaver de | Aceito
16:1433 |Arauio

TCLE /Termos de | TCLE_Rewisado_CEP .docx 020872019 |Francisco Xaver de | Aceito

Assentimento / 16:1351 |Araujo

Justificativa de

[Auséncia

Outros Convite.docx 0208720198 |Francisco Xaver e | Aceito
16:1333 |Arauio
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Cornreagio oo Sareoor 3 534 235
Projeto Detathado / | Projeto_Survey Feedback Revisado C| 02/08/2018 |Francisco Xavier de | Aceito
Brochura EP_Expansao Brasil docx 16:13:118  |Araujo
QOutros Carta_Resposta CEP.docx 08/04/2018 |Francisco Xavier de | Acseito
173840 |Aradic
Parecer Anterior PB_PARECER CONSUBSTANCIADO | 08/04/2019 |Francisco Xavier de | Acsito
CEP 3223535.pdf 173838 | Araujc
TCLE /Termosde |Anuencia pdf 04/02/2019 |Francisco Xavier de | Aceito
Assentimento / 17:1132 |Araujc
Justificativa de
Auséncia
Outros Termo. paf 07/12/2018 |Francisco Xavier de | Aceito
18:1038 | Araujo
Folha de Rosto FolhadeRosto CEP paf 12/11/2018 |Francisco Xavier de | Aceito
14:48:43 | Arauic
Situagdo do Parecer:
Aprovado
Necessita Apreciagdo da CONEP:
Nio

POATO ALEGRAE. 24 de Setembro de 2019

Assinado por:

Luciane Daicanaie Moussalle

(Coordenador(a))
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The Braziiian Journal of Physical Therapy (BIPT) is the official publication of the Brazilian Society of
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GUIDE FOR AUTHORS

INTRODUCTION

Types of article

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

The following types of study can be considered for publication, if directly related to the journals scope:
a) Intervention studies (clinical trials): studies that investigate the effect{s) of one or more
interventions on outcomes directly related to the BIPTs scope. The Worid Health Organization
defines a clinical trial as any research study that prospectively aliocates human participants
or groups of humans to one or more health-related interventions to evaluate the effect(s)
on heaith outcome(s). Clinical trials include single-case experimental studies, case series, non-
randomized controlled trials, and randomized controlled trials. Randomized controlled trials
(RCTs) must follow the CONSORT (Consolidated Standards of Reporting Trials) recommendations,
which are available at: http://www.consort-statement.org/consort-statement/overview0/.
The CONSORT checklist and Statement Flow Diagram, available at
http://www.consort-statement.org/consort-statement/flow-diagram, must be completed and
submitted with the manuscript. Clinical trials must provide registration that satisfies the requirements
of the International Committee of Medical Journal Editors (ICM3E), e.g. http://clinicaltrizls.gov/
and/or http://www.anzctrorg.au. The compilete list of all clinical trial registries can be found
at: hitp://www.who.int/ictrp/network/primary/en/index.html. We suggest that all authors register
clinical trials prospectively via the website http://www.clinicaitrizis.gov.

Note: We do not accept single case studies and series of cases (i.e. dinical trials without 2 comparison
group).

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

c) Qualitative studies: studies that focus on understanding needs, motivations, and human
behavior. The object of 2 qualitative study is guided by in-depth analysis of a topic, including opinions,
attitudes, motivations, and behavioral patterns without quantification. Qualitative studies include
decumentary and ethnographic analysis.

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

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

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

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

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

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

g) Clinical trial protocols: The BIPT welcomes the publication of clinical trial protocois. We only
accept trial protocols that are substantially funded, have ethics approval, have been prospectively
registered and of very high quality. We expect that dinical trial protocois must be novel and
with 2 large sample size. Finally, authors have to provide that the dinical trial is on its first
stages of recruitment. Authors should use the SPIRIT statement while formatting the manuscript
(http://www.spirit-statement.org). Funding solely based upon scholarships or fellowships are not
considered as substantially funded.

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

i) Masterclass articles: This type of article presents the state of art of any topic that is important
to the field of physical therapy. All masterciass articles are invited manuscripts and the authors must
be recognized experts in the field. However, authors can send e-mails to the editor in chief with an
expression of interest to submit 2 masterdass article to the BIPT.

Submission checklist
You can use this list to carry out 2 final check of your submission before you send it to the journal for
review. Piease check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

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

All necessary files have been uploaded:

Manuscript:

= Include keywords

« All figures (inciude relevant captions)

= All tables (including titles, description, footnotes)

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

Supplemental files {where applicable)

Further considerations

= Manuscript has been "spell checked’ and 'grammar checked’

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

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

» A competing interests statement is provided, even if the authers have no competing interests to
declare

« Journal policies detailed in this guide have been reviewed

= Referee suggestions and contact details provided, based on journal requirements
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For further information, visit our Support Center.

BEFORE YOU BEGIN

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

Studies in humans and animals

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

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

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

Declaration of interest

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

Submission declaration and verification

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

Use of inclusive language

Inclusive ilanguage acknowledges diversity, conveys respect to all people, is sensitive to differences,
and promotes equal opportunities. Articles should make no assumptions about the beliefs or
commitments of any reader, should contain nothing which might imply that one individual is superior
to another on the grounds of race, sex, culture or any other characteristic, and should use indusive
language throughout. Authors should ensure that writing is free from bias, for instance by using 'he
or she', "his/her' instead of "he' or "his’, and by making use cf job titles that are free of stereotyping
(e.g. 'chairperson’ instead of 'chairman’ and ‘flight attendant’ instead of "stewardess').

Authorship
All authors should have made substantial contributions to all of the following: {1) the conception and
design of the study, or acquisition of data, or analysis and interpretation of data, (2) drafting the
article or revising it critically for important intellectual content, (3) final approval of the version to
be submitted.
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Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission. Any
addition, deletion or rearrangement of author names in the authorship list should be made only
before the manuscript has been accepted and only if approved by the journal Editor. To request such
a change, the Editor must receive the following from the corresponding author: (2) the reason
for the change in author list and {b) written confirmatiocn (e-mail, letter} from ail authors that they
agree with the addition, removal or rearrangement. In the case of addition or removal of authors,
this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of
authors after the manuscript has been accepted. While the Editor considers the request, publication
of the manuscript will be suspended. If the manuscript has aiready been published in an online issue,
any requests approved by the Editor will result in 2 comrigendum.

Clinical trial results

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

Reporting clinical trials

Randomized controlled trials should be presented according to the CONSORT guidelines. At manuscript
submission, authors must provide the CONSORT checklist accompanied by a flow diagram that
illustrates the progress of patients through the trial, including recruitment, enroliment, randomization,
withdrawal 2and completion, and a detailed description of the randomization procedure. The CONSORT
checkiist and template flow diagram are available online.

Registration of dinical trials

Registration in a public trials registry is 2 condition for publication of dinical trials in this journal
in accordance with International Committee of Medical Journal Editors recommendations. Trials
must register at or before the onset of patient enrolment. The dlinical trial registration number
should be included at the end of the abstract of the article. A dinical trial is defined as any
research study that prospectively assigns human participants or groups of humans to one or more
health-related interventions to evaluate the effects of health outcomes. Health-reiated interventions
include any intervention used to modify a biomedical or health-related outcome (for example drugs,
surgical procedures, devices, behavioural treatments, dietary interventions, and process-of-care
changes). Health cutcomes include any biomedical or heaith-related measures obtained in patients or
participants, including pharmacokinetic measures and adverse events. Purely observational studies
(those in which the assignment of the medical intervention is not at the discretion of the investigator)
will not require registration.

Copyright

Upon acceptance of an article, authors will be asked to complete 2 Journzl Publishing Agreement’ (see
maore information on this) to assign to theAssociacdo Brasileira de Pesguisa e Pos-Graduacdo em
Fisioterapia (ABRAPG-FT) the copyright in the manuscript and any tables, illustrations or other
material submitted for publication as part of the manuscript (the "Article™) in all forms and media
(whether now known or later developed), throughout the world, in all languages, for the full
term of copyright, effective when the Article is accepted for publication. An e-mail will be sent to
the corresponding author confirming receipt of the manuscript together with 2 "Journal Publishing
Agreement’ form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal
circulation within their institutions. Permission of the Publisher and ABRAPG-FT is required for resale
or distribution outside the institution and for all other derivative works, including compilations and
translations. If excerpts from other copyrighted works are included, the author(s) must obtain written
permission from the copyright owners and credit the source(s) in the artidle.

Author rights

As an author you (or your empiloyer or institution) have certain rights to reuse your work. Mors
information.
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Elsevier supports responsible sharing
Find out how you can share your research published in this journal.

Role of the funding source

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

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

Eisevier Researcher Academy

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

Language (usage and editing services)

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

Informed consent and patient details

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

Submission

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

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

PREPARATION

Double-blind review

This journal uses double-blind review, which means the identities of the authors are concealed from
the reviewers, and vice versa. More information is available on our website. To facilitate this, please
include the following separately:

Title page (with author details): This should include the title, authors’ names, affiliations,
acknowledgements and any Declaration of Interest statement, and a complete address for the
corresponding author including an e-mail address.

Blinded manuscript (no author detaiis): The main body of the paper (incduding the references,
figures, tables and any acknowledgements) should not include any identifying information, such as
the authors’ names or affiliations.
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Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particuiar, do not use the word
processor’'s options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not 2 grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in 2 way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Eisevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.

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

Article structure

Subdivision - unnumbered sections

Divide your article into clearly defined sections. Each subsection is given 2 brief heading. Each heading
should appear on its own separate line. Subsections should be used as much as possible when cross-
referencing text: refer to the subsection by heading as opposed to simply 'the text'.

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

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

Results

Results should be clear and concise.

Discussion

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

Conclusions

The main conclusions of the study may be presented in 2 short Conclusions section, which may stand
alone or form a subsection of 2 Discussion or Resuits and Discussion section.

Appendices

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

Essential title page information

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

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

» Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.

» Present/permanent address. If an author has moved since the work described in the artide was
done, or was visiting at the time, a "Present address’ (or 'Permanent address’) may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.
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Highlights

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

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

Abstract

A concise and factual structured abstract is required. The abstract should state briefly the purpose of
the research, the principal results and major conclusions. An abstract is often presented separately
from the article, so it must be able to stand zlone. For this reason, References should be avoided,
but if essential, then cite the author(s) and year{s). Also, non-standard or uncocmmon a2bbreviations
should be avoided, but if essential they must be defined at their first mention in the abstract itseif.

Keywords

Immediately after the abstract, provide 2 maximum of 6 keywords, using Amernican spelling and
avoiding general and piural terms and multiple concepts (avoid, for example, 'and’, 'of"). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Acknowledgements

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

Formatting of funding sources
List funding sources in this standard way to facdilitate compliance to funder's requirements:

Funding: This work was supported by the Natiocnal Institutes of Health [grant numbers xxxx, yyyyl;
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaza].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units

Follow internationally accepted rules and conventions: use the international system of units {SI). If
other units are mentioned, please give their equivalent in SL

Math formulae

Piease submit math equations as editable text and not as images. Present simple formulae in
line with normal text where possible and use the solidus (/) instead of a horizontal line for small
fractional terms, e.g., X/Y. In principle, variables are to be presented in italics. Powers of e are often
more conveniently denoted by exp. Number consecutively any eguations that have to be displayed
separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word
processors can build footnotes into the text, and this feature may be used. Otherwise, please indicate
the position of footnotes in the text and list the footnotes themselives separately at the end of the
article. Do not include footnotes in the Reference list.

Artwork
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Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for darity, manipulation for
purposes of deception or fraud will be seen as sdentific ethical abuse and will be deait with accordingly.
For graphical images, this journal is applying the following policy: no specific feature within an image
may be enhanced, obscured, moved, removed, or introduced. Adjustments of brightness, contrast,
or color balance are acceptable if and as long as they do not obscure or eliminate any information
present in the original. Nonlinear adjustments (e.g. changes to gamma settings) must be disdosed
in the figure legend.

Electronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.

= Embed the used fonts if the application provides that option.

= Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.

« Number the illustrations according to their sequence in the text.

= Use a fogical naming convention for your artwork files.

» Provide captions to illustrations separately.

» Size the illustrations dose to the desired dimensions of the published version.

= Submit each illustration as a separate file.

» Ensure that color images are accessible to all, including those with impaired color vision.

A detziled guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.
Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is’ in the native document format.

Regardiess of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as’ or convert the images to one of the following formats (note the resolution
reguirements for line drawings, halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF {or JPEG): Color or grayscale photographs (halftones), keep tc 2 minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to 2 minimum of 1000 dpi.
TIFF {or JPEG): Combinations bitmapped line/half-tone (color or grayscaie), keep to a minimum of
500 dpi.

Please do not:

» Supply files that are optimized for screen use {e.q., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;

» Supply files that are toc low in resolution;

» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF) or MS
Office files) and with the correct resolution. If, together with your accepted article, you submit usable
color figures then the journal will ensure, at no additional charge, that these figures will appear in
color online (e.g., ScienceDirect and other sites). Further information on the preparation of electronic
artwork.

Tilustration services

Elsevier's Author Services offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their artide. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing’ is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the website to find out more.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

AUTHOR INFORMATION PACK 25 Jan 2020 www.eisevier.com/iocate/bjpt i1



149

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the articie. Please avoid using vertical rules and shading in table cells.

References

Citation in text

Please ensure that every reference cited in the text is aiso present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Unpublished results and personal
communications are not recommended in the reference list, but may be mentioned in the text. If these
references are included in the reference list they should follow the standard reference style of the
journzal and should include a2 substitution of the publication date with either "Unpublished results’ or
'Personal communication’. Citation of a reference as 'in press’ implies that the item has been accepted
for publication.

Reference links

Increased discoverability of research and high guality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Sceopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/bock tities, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M,,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1025/20011B000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underiying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and giobal persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a2 data reference. The [dataset] identifier will not appear in your published article.

References in 3 special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Spedal Issue.

Reference style

Text: Indicate references by (consecutive) superscript arabic numerals in the order in which they
appear in the text. The numerzais are to be used outside periods and commas, /nside colons and
semicolons. For further detail and examples you are referred to the AMA Manual of Style, A Guide for
Authors and Editors, Tenth Edition, ISBN 0-978-0-15-517633-S.

List: Number the references in the list in the order in which they appear in the text.

Examples:

Reference to a journal publication:

1. Van der Geer ), Hanraads JAJ, Lupton RA. The art of writing a scientific article. 7 S¢i Commun.
2010;163:51-585. https://doi.org/10.1016/;.5¢.2010.00372.

Reference to a journal publication with an article number:

2. Van der Geer ], Hanraads JAJ, Lupton RA. The art of writing a scientific article. Heliyon.
2018;19:e00205. https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

3. Strunk W Jr, White EB. The Elements of Style. 4th ed. New York, NY: Longman; 2000.
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Reference to a chapter in an edited book:

4, Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS, Smith
RZ, eds. Introduction to the Electronic Age. New York, NY: E-Publishing Inc; 2005:281-304.
Reference to a website:

5. Cancer Research UK. Cancer statistics reports for the UK. htip://www.cancerresearchuk.org/
aboutcancer/statistics/cancerstatsreport/; 2003 Accessed 13 March 2003.

Reference to a dataset:

[dataset] 6. Oguro, M, Imahiro, S, Saito, S, Nakashizuka, T. Mortality data for Japanese oak wilt
disease and surrounding forest compositions, Mendeley Data, vi; 2015. https://doi.org/10.17632/
xwjS8nb3%r.1.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbraviations.

Video

Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their artide are
strongly encouraged to incdude links to these within the body of the articie. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly Iabeled so that they directly
relate to the video file's content. In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, induding ScenceDirect. Please supply
'stills’ with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content

Supplementary material

Supplementary material such as applications, images and sound dips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the artide
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the Track Changes’ option
in Microsoft Office files as these will appear in the published version.

Research data

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

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

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a2 number of repositories te link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link

your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.
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For supported data repositories a repository banner will automaticaily appear next to your published
article on ScenceDirect.

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

AFTER ACCEPTANCE

Proofs

One set of page proofs {(as PDF files) will be sent by e-mail to the corresponding author (if we do not
have an e-mail address then paper proofs will be sent by post) or a2 link will be provided in the e-
mail so that authors can download the files themselves. To ensure a fast publication process of the
article, we kindly ask authors to provide us with their proof corrections within two days. Elsevier now
provides authors with PDF proofs which can be annotated; for this you will need to downlcad the free
Adobe Reader, version S (or higher). Instructions on how to annctate PDF files will accompany the
proofs {also given online). The exact system requirements are given at the Adobe site.

If you do not wish to use the PDF annotations function, you may list the corrections (including replies
to the Query Form) and return them to Elsevier in an e-mail. Please list your corrections guoting line
number. If, for any reason, this is not possible, then mark the corrections and any other comments
(including replies to the Query Form) on 2 printout of your proof and scan the pages and return via e-
mail. Please use this proof only for checking the typesetting, editing, completeness and correctness
of the text, tables and figures. Significant changes to the article as accepted for publication will only
be considered at this stage with permission from the Editor. We will do everything possible to get your
article published quickly and accurately. It is important to ensure that all corrections are sent back
to us in cne communication: please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.
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