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RESUMO

A doenca de Parkinson (DP) é uma doenga neurodegenerativa progressiva e a
segunda mais comum no mundo. Compromete fun¢gdes motoras e ndo motoras,
sendo as alteracbes da marcha uma das principais causas de incapacidade
funcional. Esses déficits estdo associados a prejuizos no controle motor e na
capacidade de adquirir, reter e transferir novas habilidades, destacando a
importancia de compreender os processos de aprendizagem motora na reabilitagao.
No entanto, embora a aprendizagem motora seja um componente inerente aos
processos de reabilitacdo motora, ainda nao esta claro quais estratégias sdao mais
adequadas para individuos com diferentes perfis clinicos e cognitivos da DP, nem
como essas estratégias sdo selecionadas e implementadas na reabilitagcdo da
marcha. Esta dissertagcdo teve como objetivo identificar, descrever e classificar as
estratégias de aprendizagem motora e as condicbes de pratica utilizadas em
intervengdes voltadas a melhora da marcha em pessoas com DP. Foi realizada uma
revisdo sistematica de ensaios clinicos, com busca realizada em oito bases de
dados e analise descritiva da frequéncia e da forma de aplicacdo dessas
estratégias. Foram incluidos 126 estudos, cujas intervengdes foram classificadas
segundo uma proposta elaborada e refinada pelo grupo de pesquisa, fundamentada
em referenciais tedricos da aprendizagem motora. Estratégias de foco externo e
pistas sensoriais foram as mais frequentemente identificadas, seguidas pelo
feedback aumentado. As condigbes de pratica mais frequentemente identificadas
foram a especificidade da pratica, a variabilidade da pratica e a simplificagcao de
tarefas. A maioria dos estudos combinou multiplas estratégias de aprendizagem
motora em um mesmo protocolo. Entretanto, observou-se consideravel
heterogeneidade na forma como os principios de aprendizagem motora foram
descritos, implementados e justificados. Além disso, caracteristicas clinicas e
cognitivas dos participantes raramente foram consideradas na selegdo das
estratégias utilizadas. Esses achados contribuem para uma compreensao mais
sistematica da utilizagdo dos principios da aprendizagem motora na reabilitacdo da
marcha em pessoas com DP e reforczam a necessidade de abordagens mais
individualizadas, que considerem as caracteristicas motoras e cognitivas dos
pacientes na selegéo das estratégias de intervencgao.

Palavras-chave: Doenca de Parkinson; Aprendizagem; Marcha; Reabilitagao.

Objetivos de Desenvolvimento Sustentavel (ODS): ODS 3 — Saude e Bem-Estar



ABSTRACT
Parkinson’s disease (PD) is the second most common neurodegenerative disorder
worldwide. It affects both motor and non-motor functions, and gait impairment is a
primary cause of functional disability. Gait deficits are associated with impaired
motor control and reduced ability to acquire, retain, and transfer motor skills,
highlighting the importance of understanding motor learning processes in
rehabilitation. However, although motor learning is an inherent component of motor
rehabilitation, it remains unclear which motor learning strategies are most
appropriate for individuals with different clinical and cognitive profiles of PD, or how
these strategies are selected and implemented in gait rehabilitation. This study
aimed to identify, describe, and classify motor learning strategies and practice
conditions used in interventions targeting gait improvement in people with PD
(PwPD). A systematic review of clinical trials was conducted. Eight databases were
searched, and a descriptive analysis examined the frequency and implementation of
these strategies. A total of 126 studies were included, and the interventions were
classified according to a classification proposal developed and refined by the
research group, based on theoretical principles of motor learning. External focus and
sensory cueing were the most frequently identified strategies, followed by
augmented feedback. The most frequently identified practice conditions were
practice specificity, practice variability, and task simplification. Most studies
combined multiple motor learning strategies within the same intervention protocol.
However, substantial heterogeneity was observed in how motor learning principles
were described, implemented, and justified. Furthermore, participants' clinical and
cognitive characteristics were rarely considered when selecting rehabilitation
strategies. These findings contribute to a more systematic understanding of the
application of motor learning principles in gait rehabilitation for PwPD and reinforce
the need for more individualized approaches that consider patients' motor and

cognitive characteristics when selecting rehabilitation strategies.

Keywords: Parkinson’s disease; Learning; Gait; Rehabilitation.

Sustainable Development Goals (SDGs): SDG 3 — Good Health and Well-Being.
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1. INTRODUGAO

A doenga de Parkinson (DP) é a mais comum das doengas
neurodegenerativas do movimento em todo o mundo, afetando cerca de 1% das
pessoas com mais de 60 anos (BALESTRINO; SCHAPIRA, 2020). O seu impacto
tem crescido de forma gradual nas ultimas décadas, principalmente em decorréncia
do envelhecimento da populagdgo (COLEMAN; MARTIN, 2022). No Brasil,
estimativas sugerem que o numero de individuos com DP podera crescer de cerca
de 536 mil em 2024 para mais de 1,25 milhdo até 2060, evidenciando a relevancia
clinica e epidemiolégica em ascensédo da doenca (SCHLICKMANN et al., 2025).
Embora classicamente associada a degeneracdo de neurdnios dopaminérgicos da
substancia negra, a DP é atualmente compreendida como uma condigédo complexa
que envolve alteracbes em multiplas redes neurais relacionadas ao controle motor,
cognigao, atencao e integragao sensorio-motora (SIMON et al., 2020; MEDER et al.,
2019; REN et al., 2026).

As alteragbes da marcha sao um dos principais fatores associados a perda
da independéncia funcional em individuos com DP, comprometendo
significativamente a mobilidade, o desempenho nas atividades de vida diaria e a
participagéo social (TAN et al., 2012). Dentre as altera¢gdes da marcha destacam-se
a redugao do comprimento do passo, a diminuigao da velocidade e os episodios de
congelamento, que contribuem para a perda da autonomia e para a reducdo da
qualidade de vida (MIRELMAN et al., 2019). Além das alteragbes motoras, a DP
também estd associada a comprometimentos cognitivos e atencionais que
aumentam a demanda de recursos cognitivos durante a realizagao de tarefas
motoras (AARSLAND et al., 2021). Nesse contexto, ha indicios de que a doenca
também afeta processos relacionados a aprendizagem motora, comprometendo a
aquisicao, retencédo e automatizagdo de habilidades motoras (NIEUWBOER et al.,
2009; OLSON et al., 2019). Como consequéncia, a formagao e o aperfeicoamento
de novos padrdes de movimento podem tornar-se mais desafiadores para pessoas
com DP.

A aquisicéo e o refinamento de habilidades motoras dependem de processos
de aprendizagem motora que envolvem mudangas relativamente permanentes na

capacidade de executar habilidades motoras como resultado da pratica e da
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experiéncia (MARINELLI et al., 2017; KLEYNEN et al., 2020). Esse processo pode
ocorrer por meio de mecanismos explicitos ou implicitos de aprendizagem. A
aprendizagem explicita caracteriza-se pela aquisicdo consciente de conhecimentos
sobre uma determinada tarefa, envolvendo atencado, raciocinio e fungdes
executivas. Em contraste, a aprendizagem implicita ocorre com menor envolvimento
consciente, sendo baseada na experiéncia pratica e no desenvolvimento gradual de
habilidades mais automatizadas. Em individuos com DP, alteracbes nos circuitos
coértico-estriatais e déficits cognitivos podem interferir nesses processos,
especialmente naqueles relacionados a automaticidade do movimento e a
adaptagcdo motora durante a pratica (OLSON et al., 2019). Como consequéncia,
padroes de marcha previamente automatizados podem tornar-se menos eficientes,
exigindo que o individuo desenvolva novas estratégias para controlar, adaptar e
manter a locomogao diante das limitagdes impostas pela doenga. Nesse contexto, a
aprendizagem motora assume papel central na reabilitagdo da marcha, uma vez que
a recuperacao funcional depende da capacidade de modificar e aperfeicoar o
comportamento motor por meio da pratica.

Na pratica clinica, os principios da aprendizagem motora sao aplicados por
meio de diferentes estratégias e condi¢gdes de pratica. A forma como as informacgdes
sdo fornecidas ao individuo, o direcionamento da atengcdo durante a execucéo das
tarefas e a organizagao da pratica podem influenciar tanto o desempenho quanto a
aprendizagem motora (MAGILL; ANDERSON, 2021). Na reabilitacdo da marcha de
pessoas com DP, sado utilizadas diferentes estratégias, incluindo feedback
aumentado, foco externo e pistas sensoriais, observagao da agéo, imagética motora
e foco interno. Além disso, condi¢des de pratica, como variabilidade, especificidade,
simplificacdo e segmentacao da tarefa, podem influenciar a aquisicado, retencéo e
transferéncia de habilidades motoras (MAGILL; ANDERSON, 2021; KLEYNEN et
al.,, 2020). A selegdo dessas estratégias deve considerar caracteristicas do
individuo, da tarefa e do estagio de aprendizagem, uma vez que diferentes
abordagens podem demandar distintos niveis de processamento cognitivo e
envolvimento consciente durante a pratica (KLEYNEN et al., 2020).

Apesar dos principios da aprendizagem motora estarem cada vez mais
presentes na reabilitagdo da marcha em individuos com DP, ainda ha pouco
conhecimento sobre como essas estratégias e condigdes de pratica sdo aplicadas

nos protocolos de intervengdo. A auséncia de descricdes detalhadas, critérios claros
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de classificacao e justificativas consistentes para a selegcdo das estratégias torna a
compreensao dos estudos e a tradugao desse conhecimento para a pratica clinica
bastante desafiadoras. Além disso, frequentemente n&o fica claro se a escolha
dessas estratégias decorre de um planejamento fundamentado nos principios da
aprendizagem motora e nas caracteristicas dos individuos ou se emerge apenas da
estrutura geral do treinamento proposto. Portanto, torna-se necessaria uma analise
sistematica capaz de identificar, descrever e classificar as estratégias de
aprendizagem motora e as condicbes de pratica empregadas em intervencdes

voltadas a melhora da marcha em individuos com DP.

2. CONTEXTUALIZACAO

2.1. Epidemiologia, etiologia e fisiopatologia da doenga de Parkinson

A DP é o disturbio do movimento mais comum e a segunda doenga
neurodegenerativa mais prevalente do sistema nervoso central, atras apenas da
doenga de Alzheimer (CACABELOS, 2017). O aumento da populacédo idosa tem
elevado sua prevaléncia nas ultimas décadas, resultando em um impacto cada vez
maior sobre os sistemas de saude em todo o mundo (COLEMAN; MARTIN, 2022; LI
et al., 2025). No Brasil, estimativas apontam que o numero de pessoas com a
doenga aumentara significativamente nas préximas décadas, o que ressalta a
urgéncia de desenvolver e implementar estratégias de tratamento e reabilitagcéo
eficazes (SCHLICKMANN et al., 2025).

A DP é fruto de uma etiologia multifatorial, sendo, na maioria dos casos,
considerada idiopatica, mas com evidéncias de interagdo entre fatores genéticos e
ambientais (BEN-SHLOMO et al.,, 2024). A idade avangada é o trago mais
caracteristico de risco, uma vez que esta ligada as alteragdes funcionais
progressivas das células nervosas (REEVE et al.,, 2014). Em termos celulares, o
acumulo anormal de alfa-sinucleina € o mais evidente. O seu acumulo, em
contextos patologicos, compromete a funcédo sinaptica, altera a transmissao
dopaminérgica e da inicio a processos como estresse oxidativo, disfuncao
mitocondrial e neuroinflamagdo, contribuindo para a progressdao da
neurodegeneracao (CALABRESI et al., 2023).
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Fisiopatologicamente, a DP se caracteriza, em sua maioria, pela
degeneragao progressiva dos neurénios dopaminérgicos localizados na substancia
negra pars compacta, resultando em diminui¢do da dopamina no estriado (ZHOU et
al., 2023). Essa perda dopaminérgica provoca alteracbes no funcionamento dos
circuitos cértico-estriatais e dos nucleos da base, comprometendo a regulagédo do
movimento e contribuindo diretamente para o surgimento dos principais sintomas
motores da doenga (BENAZZOUZ et al., 2014).

Evidéncias neuropatolégicas e de neuroimagem demonstram que outros
sistemas neurotransmissores, incluindo vias colinérgicas, serotoninérgicas e
noradrenérgicas, também s&o afetados ao longo da progressdo da doencga
(BUDDHALA et al.,, 2015; BOHNEN et al., 2022). Esses sistemas participam de
fungdes relacionadas a cognicdo, atencdo, humor, processamento sensorial e
controle postural (BOHNEN et al.,, 2022). Portanto, a DP ¢é atualmente
compreendida como uma condigdo neurodegenerativa complexa que afeta multiplas
redes neurais envolvidas no controle motor, na cognigdo e na integragéo
sensorio-motora, contribuindo para a ampla heterogeneidade clinica observada
entre os individuos acometidos pela doenga (REN et al., 2026; MEDER et al., 2019).

2.2. Manifestagoes clinicas e alteragbes da marcha na doenca de

Parkinson

A DP é caracterizada por um conjunto de sinais e sintomas, tanto motores
quanto ndo motores, que se intensificam de maneira progressiva. Os sintomas
motores mais caracteristicos da doencga incluem bradicinesia, rigidez, tremor em
repouso e instabilidade postural (JANKOVIC, 2008). Essas mudancgas resultam em
perdas na organizacdo e no controle do movimento, o que diminui a amplitude do
movimento, piora a regulagdo temporal e aumenta a variabilidade motora
(MIRELMAN et al., 2019; OLSON et al., 2019).

Individuos com DP costumam apresentar um passo mais curto, uma marcha
mais lenta, maior variabilidade no espago e no tempo, além de episddios de
congelamento da marcha, especialmente quando precisam se adaptar mais ao
ambiente ou quando a atencdo esta mais exigida (MIRELMAN et al., 2019).
Considerando que a marcha é fundamental para a execug¢ao das tarefas diarias, tais

mudancgas impactam diretamente na mobilidade, na independéncia funcional e na
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participagdo social das pessoas (TAN et al., 2012). A relevancia da mobilidade
ultrapassa o desempenho motor isolado. A Organizagcdo Mundial da Saude
reconhece a capacidade locomotora como um componente da capacidade
intrinseca, fundamental para a manutengdo da mobilidade e da independéncia, e
inclui a velocidade da marcha entre as medidas utilizadas para sua avaliagéo
(WORLD HEALTH ORGANIZATION, 2021). Aléem disso, a mobilidade integra a
capacidade funcional necessaria para que os individuos realizem atividades que
consideram importantes e mantenham sua participacdo na sociedade (WORLD
HEALTH ORGANIZATION, 2021).

A DP também se associa a sintomas ndao motores, incluindo déficits
cognitivos, disturbios do sono, disfungbes autonémicas e sintomas
neuropsiquiatricos (SVEINBJORNSDOTTIR, 2016). Esses sintomas podem
influenciar tanto o desempenho motor durante a execucdo da tarefa quanto o

aprendizado e a adaptacéo de novas habilidades motoras.

2.3 Aprendizagem motora e reabilitacao da marcha na doenga de

Parkinson

A aprendizagem motora € um conjunto de processos relacionados a pratica e
a experiéncia que levam a alteragdes de longa duracédo na capacidade de executar
habilidades motoras (MAGILL; ANDERSON, 2021). Esse processo envolve a
aquisicdo, consolidacdo, retencdo e transferéncia de habilidades motoras,
permitindo que os individuos ajustem seus movimentos diante de diferentes
demandas e contextos (MARINELLI et al., 2017; KLEYNEN et al., 2020). Nesse
contexto, as estratégias de aprendizagem motora correspondem as diferentes
formas de organizar a informacgéo, direcionar a atengao e estruturar a pratica com o
objetivo de favorecer a aquisicdo, a retencdo e a transferéncia de habilidades
motoras. Ao contrario das mudancas temporarias que podem surgir apos uma unica
sessdo de treino, a aprendizagem motora implica em modificagbes duradouras no
desempenho que sdo mantidas ao longo do tempo e transferidas para diferentes
contextos funcionais (MAGILL; ANDERSON, 2021).

A aprendizagem motora abrange tanto mecanismos explicitos quanto
implicitos. A aprendizagem explicita é a obtengao consciente de informagdes sobre

a tarefa, o que envolve atencéo, raciocinio e funcdes executivas. Por outro lado, a
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aprendizagem implicita se da com menos consciéncia, sendo moldada ao longo do
tempo pela pratica e pela vivéncia. Apesar de ambos 0s mecanismos ajudarem na
aquisicao de habilidades motoras, eles variam em relagao as exigéncias cognitivas
e aos processos neurais que acionam (MARINELLI et al., 2017; KLEYNEN et al.,
2020).

Do ponto de vista neurobioldégico, a aquisicdo e o aperfeicoamento de
habilidades motoras dependem da interacdo entre multiplos sistemas neurais
relacionados ao planejamento, execugao, adaptagao e automatizagdo do movimento
(MARINELLI et al., 2017; KLEYNEN et al., 2020). Além dos circuitos
sensorio-motores, esse processo requer fungdes cognitivas como atengdo, memaoria
de trabalho e controle executivo, especialmente durante a aquisicao e adaptacao de
novas habilidades motoras (MARINELLI et al.,, 2017). Na DP, modificagcbes nos
circuitos cortico-estriatais e nas fungdes cognitivas frequentemente comprometidas
pela doenga podem interferir em mecanismos que sustentam a automaticidade do
movimento e impactar diferentes aspectos da aprendizagem motora (REDGRAVE et
al., 2010; MARINELLI et al., 2017).

Pessoas com DP conseguem aprender e manter habilidades motoras com a
pratica, mesmo que esse processo possa ocorrer de forma menos eficiente do que
em pessoas saudaveis (NIEUWBOER et al., 2009). Os déficits de aprendizagem
que se verificam na doenga ndo ocorrem sempre da mesma maneira, dependendo
do tipo de tarefa, da etapa do aprendizado, das instrugdes dadas, do uso de pistas
externas e das exigéncias cognitivas (MARINELLI et al., 2017). Alteragbes
cognitivas frequentemente observadas na DP, especialmente em fungdes
executivas, atencdo e memodria, também podem impactar a maneira como novas
habilidades motoras sé&o aprendidas e refinadas (AARSLAND et al., 2021). Portanto,
a aprendizagem motora na DP deve ser compreendida como um processo
complexo, que depende das caracteristicas da tarefa e das condicbes motoras e

cognitivas do praticante.

2.4 Estratégias e condigoes de pratica na aprendizagem motora da

marcha na doenga de Parkinson

Embora a repeticdo da pratica e a intensidade do treinamento sejam

componentes fundamentais para a aprendizagem motora e para os processos de
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neuroplasticidade, diferentes estratégias podem influenciar a forma como as
habilidades sido adquiridas, refinadas e transferidas para contextos funcionais
(KLEIM; JONES, 2008; MAGILL; ANDERSON, 2021). A neuroplasticidade refere-se
a capacidade do sistema nervoso de modificar sua estrutura e fungado em resposta a
experiéncia e a pratica, constituindo um dos principais mecanismos biolégicos que
sustentam a aprendizagem motora (KLEIM; JONES, 2008). Nesse contexto, as
estratégias de aprendizagem motora tém em comum o fato de modificar a maneira
como a informagao é apresentada, processada ou praticada durante o treinamento,
direcionando a atencao, a interpretacao das informagdes e a organizagao da pratica,

em vez de apenas aumentar o volume de exercicio realizado.

2.4.1 Feedback aumentado

O feedback é um elemento essencial na aprendizagem motora por fornecer
informacdes relevantes sobre o desempenho e os resultados da agao. Além das
informacdes provenientes dos proprios sistemas sensoriais do praticante, a
execucao de uma tarefa pode envolver informagdes externas adicionais fornecidas
por terapeutas, instrutores ou dispositivos tecnoldgicos. O feedback aumentado
corresponde a informacdes suplementares fornecidas por uma fonte externa ao
praticante com o objetivo de orientar, corrigir ou reforcar o desempenho durante a
aprendizagem de uma habilidade motora (MAGILL; ANDERSON, 2021).

O feedback aumentado pode ser fornecido de diferentes formas, como
instrucdes verbais, recursos visuais, sinais auditivos e tecnologias que
disponibilizam informac¢des sobre o desempenho ou os resultados da tarefa, como
sistemas de biofeedback, exergames e esteiras instrumentadas. De modo geral,
essa estratégia é dividida em conhecimento de resultados, relacionado ao desfecho
da acado, e conhecimento de performance, que se refere as caracteristicas da
execuc¢ao do movimento (MAGILL; ANDERSON, 2021).

Evidéncias sugerem que o feedback aumentado pode contribuir para
melhorias em desfechos relacionados a marcha, ao equilibrio e a fungcdo motora,
especialmente quando fornecido em tempo real e integrado a recursos tecnolégicos
interativos. Além disso, a disponibilidade de informacdes externas adicionais pode

auxiliar na compensagao de déficits sensoério-motores e favorecer o engajamento
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durante a pratica, contribuindo para os resultados da reabilitagdo motora (KEARNEY
et al., 2020).

2.4.2 Foco externo e pistas sensoriais

O foco externo corresponde ao direcionamento da atencgao para os efeitos do
movimento no ambiente, enquanto as pistas sensoriais consistem em estimulos
externos utilizados para facilitar o inicio e orientar a execucdo da tarefa motora
(BECK et al., 2018; STONSAOVAPAK et al., 2026). Embora representem conceitos
distintos, ambas utilizam referéncias externas ao individuo para influenciar o
comportamento motor durante a pratica. Por esse motivo, foram agrupadas na
presente revisdo em uma mesma categoria de aprendizagem motora. As pistas
sensoriais podem ser auditivas, visuais ou somatossensoriais. As pistas auditivas
fornecem referéncias ritmicas para auxiliar o controle temporal da marcha; as
visuais oferecem referéncias espaciais para o ajuste do comprimento do passo e da
trajetéria do movimento; e as somatossensoriais disponibilizam informacdes tateis
ou proprioceptivas relacionadas ao posicionamento corporal € a execugao da tarefa
(SUTEERAWATTANANON et al., 2004; STONSAOVAPAK et al., 2026).

Na DP, essas estratégias sdo amplamente utilizadas porque podem
compensar déficits relacionados aos circuitos dos nucleos da base, favorecendo a
utilizacdo de informagdes externas para o planejamento e a execugcdo do
movimento. Evidéncias recentes demonstram efeitos positivos sobre parametros
espaco-temporais da marcha. Em uma revisdo sistematica com meta-analise em
rede envolvendo 33 ensaios clinicos randomizados, pistas Vvisuais e
somatossensoriais apresentaram os melhores resultados para velocidade da
marcha e comprimento do passo, superando os efeitos observados com pistas
auditivas isoladas (STONSAOVAPAK et al., 2026).

2.4.3 Foco interno

Foco interno € a atengao voltada para os proprios movimentos corporais na
realizagdo de uma tarefa (BECK et al., 2018). Neste tipo de abordagem, as
orientagdes sdo mais focadas em como os segmentos do corpo devem estar

posicionados ou como o movimento deve ser executado. Portanto, o foco se volta
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para aspectos da propria acado motora e para os movimentos gerados durante a
execucao da tarefa (BECK et al., 2018).

2.4.4 Observagéao da agdo e imagética motora

A observagdo da agcdo e a imagética motora sdo estratégias de
aprendizagem motora baseadas na representacdo mental do movimento. Na
observacdo da acdo, o individuo observa outra pessoa realizando uma tarefa
motora, enquanto na imagética motora o movimento € mentalmente simulado sem
que ocorra sua execugao fisica (SARASSO et al., 2021). Embora distintas, ambas
envolvem processos de representagdo motora e estdo associadas a ativagdo de
areas corticais relacionadas ao planejamento, a organizagdo e ao controle do
movimento (SARASSO et al., 2021).

A observagédo da acao e a imagética motora podem ser utilizadas de forma
isolada ou combinada durante o treinamento motor, constituindo estratégias
voltadas a observacgao, representagao e ensaio mental do movimento (SARASSO et
al., 2021).

2.4.5 Condigbes de pratica

Além das estratégias de aprendizagem motora, a forma como a pratica é
organizada também possui papel importante nesse processo. As condigdes de
pratica referem-se a maneira como as tarefas e exercicios sao estruturados,
influenciando a aquisigéo, retengao e transferéncia de habilidades motoras ao longo
da pratica (MAGILL; ANDERSON, 2021).

Diferentes condicbes de pratica podem ser empregadas durante o
treinamento, incluindo variabilidade, especificidade, simplificacdo e segmentacao da
tarefa. A variabilidade da pratica envolve a realizagdo de uma tarefa em diferentes
contextos ou condicdes, favorecendo a adaptacdo do movimento a demandas
variadas. A especificidade consiste em praticar a propria habilidade ou tarefas com
caracteristicas semelhantes aquelas encontradas na situagéo real de desempenho,
aumentando a probabilidade de transferéncia dos ganhos obtidos durante o
treinamento. A simplificacdo consiste na redugao temporaria da complexidade da
tarefa, tornando-a mais acessivel durante as fases iniciais da aprendizagem. Ja a

segmentacdo envolve a divisdo de uma habilidade complexa em componentes
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menores que podem ser praticados separadamente antes de serem integrados a
tarefa completa.

Essas condi¢des modificam a organizagdo da pratica, as caracteristicas da
tarefa e as demandas impostas ao individuo, permitindo que o processo de
aprendizagem seja estruturado de acordo com os objetivos do treinamento e com as
capacidades de cada individuo (MAGILL; ANDERSON, 2021).
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3. JUSTIFICATIVA

A DP é considerada uma condigdo neurodegenerativa complexa, com
repercussdes motoras, cognitivas e atencionais, que impactam de forma direta tanto
a mobilidade quanto os processos envolvidos na aprendizagem motora. Embora
individuos com DP ja possuam a habilidade de caminhar, as alteragdes provocadas
pela doengca modificam a forma como essas pessoas caminham, reduzindo sua
automaticidade e aumentando a dependéncia de recursos cognitivos. Portanto, a
reabilitacdo da marcha ndo se resume a repetir exercicios, mas sim a utilizar
estratégias que ajudem a construir novos recursos motores e comportamentais para
enfrentar as dificuldades trazidas pela doenga. Assim, variadas abordagens de
aprendizagem motora e condi¢bes de pratica podem influenciar como essas
adaptagdes sao desenvolvidas e incorporadas as atividades do cotidiano.

Embora exista um numero crescente de estudos voltados a reabilitacdo da
marcha na DP, ainda ha uma importante lacuna nesse campo: os estudos
frequentemente descrevem o tipo de treinamento realizado, mas raramente
elucidam como o movimento é ensinado, quais estratégias de aprendizagem motora
sdo utilizadas, como a pratica € estruturada e se essas escolhas levam em
consideragao as particularidades motoras e cognitivas dos individuos com DP. Visto
isso, ainda existe uma lacuna no entendimento de como os principios da
aprendizagem motora sao utilizados nas intervengdes de marcha e quais sao os
fundamentos que embasam essas escolhas. Assim, mapear, caracterizar e
categorizar essas estratégias e condigdes de pratica representa um passo
importante para consolidar o conhecimento nessa area e permitir o desenvolvimento
de intervencbes mais personalizadas e fundamentadas nos processos de

aprendizagem motora.
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4. OBJETIVOS

4.1. Objetivo geral

Identificar, descrever e classificar as estratégias de aprendizagem motora e

as condicbes de pratica aplicadas nas intervencdes de reabilitacdo da marcha em

individuos com DP.

b)

4.2. Objetivos especificos

Classificar as estratégias de aprendizagem motora identificadas nos estudos
incluidos, agrupando-as em categorias conceituais relacionadas aos
principios da aprendizagem motora.

Identificar e categorizar as condicbes de pratica empregadas nas
intervengdes, incluindo variabilidade, especificidade, simplificacdo e
segmentacao da tarefa;

Quantificar a frequéncia de utilizacdo das diferentes estratégias de
aprendizagem motora e condigdes de pratica nos estudos incluidos;
Descrever a forma de implementagdo das estratégias de aprendizagem
motora e das condi¢des de pratica, considerando modos de entrega, recursos
utilizados e tipos de instrugao reportados;

Examinar os padrdes de utilizagdo das estratégias de aprendizagem motora e
das condicdes de pratica reportados na literatura, discutindo suas possiveis

implicacdes para a pratica clinica e para futuras pesquisas.
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5. CONSIDERAGOES FINAIS

O presente estudo permitiu identificar, descrever e categorizar as estratégias
de aprendizagem motora e as condi¢gdes de pratica utilizadas em intervengdes
voltadas a reabilitacdo da marcha em pessoas com DP. Observou-se maior
utilizagdo de abordagens relacionadas ao fornecimento de informagdes externas,
como feedback aumentado, foco externo e pistas sensoriais, bem como de
diferentes condi¢cbes de pratica voltadas a organizagao do treinamento. Também foi
observada consideravel variabilidade na forma como essas estratégias sao
descritas e implementadas nos protocolos de intervencéo.

Mais do que mapear quais estratégias tém sido utilizadas, esta dissertagéo
contribui para ampliar a compreensao sobre como a aprendizagem motora tem sido
incorporada a reabilitacdo da marcha em individuos com DP. Os achados reforgam
a necessidade de que pesquisadores e profissionais ndo considerem apenas o que
é treinado, mas também como o movimento € ensinado ao longo do processo de
reabilitagcdo. Considerando a heterogeneidade clinica da DP e as diferengas
motoras e cognitivas presentes entre os individuos, compreender as estratégias
empregadas e a forma como sao implementadas representa um passo importante
para o desenvolvimento de interven¢des mais individualizadas, fundamentadas nos
principios da aprendizagem motora e alinhadas as necessidades especificas de

cada paciente.
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delegated to another journal editor.

Editorial disclosure statements will be included as a footnote andjor in the declaration of competing interest section

of the article.
Authors with no competing interests to declare should select the option "I have nothing to declare".

The resulting Word document containing your declaration should be uploaded at the "attach/upload files" step in the
submission process. It is important that the Word document is saved in the .doc/.docx file format. Author signatures

are not required.

Funding sources

Authors must disclose any funding sources who provided financial support for the conduct of the research andfor
preparation of the article. The role of sponsors, if any, should be declared in relation to the study design, collection,
analysis and interpretation of data, writing of the report and decision to submit the article for publication. If funding

sources had no such involvement this should be stated in your submission.
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy]; the Bill & Melinda

Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes of Peace [grant number aaaal].

It is not necessary to include detailed descriptions on the program or type of grants, scholarships 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, it is recommended to include the following sentence:

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

sectors.

Declaration of generative Al use

Authors must declare the use of generative AI in the manuscript preparation process upon submission of the paper.

https://'www sciencedirect com/journal/parkinsonism-and-related-disorders/publish/guide-for-authors ?utm_source=chatgpt. com 7125

32



13/05/2026, 23:38 Guide for authors - Parkinsonism & Related Disorders - ISSN 1353-8020 | ScienceDirect.com by Elsevier
Elsevier recognizes the potential of generative Al and Al-assisted technolegies (“AI Tools”), when used responsibly, to
help researchers work efficiently, gain critical insights fast and achieve better outcomes. Increasingly, these tools,
including Al agents and deep research tools, are helping researchers to synthesize complex literature, provide an
overview of a field or research question, identify research gaps, generate ideas, and provide tailored support for

tasks such as content organization and improving language and readability.

Authors preparing a manuscript for this journal can use AI Tools to support them. However, these tools must never
be used as a substitute for human critical thinking, expertise and evaluation. Al technology should always be applied

with human oversight and control.
Ultimately, authors are responsible and accountable for the contents of their work. This includes accountability for:

¢ Carefully reviewing and verifying the accuracy, comprehensiveness, and impartiality of all AI-generated output

(including checking the sources, as Al-generated references can be incorrect or fabricated).

* Editing and adapting all material thoroughly to ensure the manuscript represents the author’s authentic and

original contribution and reflects their own analysis, interpretation, insights and ideas.

¢ Ensuring the use of any tools or sources, Al-based or otherwise, is made clear and transparent to readers. If AT

Tools have been used, we require a disclosure statement upon submission; please see example below.

¢ Ensuring the manuscript is developed in a way that safeguards data privacy, intellectual property and other

rights, by checking the terms and conditions of any Al tool that is used.

Finally, authors must not list or cite Al Tools as an author or co-author on the manuscript since authorship implies
responsibilities and tasks that can only be attributed to, and performed by, humans.

The use of Al Tools in the manuscript preparation process must be declared by adding a statement at the end of the
manuscript when the paper is first submitted. The statement will appear in the published work and should be placed

in a new section before the references list.
An example:

¢ Title of new section: Declaration of generative Al and Al-assisted technologies in the manuscript preparation

process.

* Statement: During the preparation of this work the author(s) used [NAME OF TOOL / SERVICE] in order to [REASON].
After using this tool/service, the author(s) reviewed and edited the content as needed and take(s) full responsibility
for the content of the published article.

The declaration does not apply to the use of basic tools, such as tools used to check grammar, spelling and

references. If you have nothing to disclose, you do not need to add a statement.

Please read Elsevier's author policy on the use of generative AI and Al-assisted technologies, which can be found in

the generative Al policies for journals.

Please note: to protect authors’ rights and the confidentiality of their research, this journal does not currently allow
the use of generative Al or Al-assisted technologies such as ChatGPT or similar services by reviewers or editors in the
peer review and manuscript evaluation process, as is stated in Elsevier's generative Al policies for journals. Elsevier is

actively evaluating compliant AI Tools and may revise this policy in the future.
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Preprints
Preprint sharing
Authors may share preprints in line with Elsevier's article sharing policy. Sharing preprints, such as on a preprint
server, will not count as prior publication.

We advise you to read our policy on multiple, redundant or concurrent publication.

In support of Open Science, this journal offers its authors a free preprint posting service on SSRN, Elsevier's preprint

and early research repository.

During submission to this journal, you can cheose to post your manuscript on SSRN, and it will be made publicly

available as soon as it passes the journal's initial desk review.
As a preprint on SSRN, your manuscript will benefit from:
* Early registration with a preprint DOI (Digital Object Identifier)
* Alink from the preprint to the version of record if published in this Elsevier journal
* Preprint posting, sharing, and download availability that facilitates collaboration and early citations

Your decision to post or not post your preprint will have no effect on the editorial process or publication outcome

with the journal. For additional information, please consult the SSRN Terms of Use and FAQs.

It is expected that the corresponding author will seek approval from all co-authors before agreeing to post the

manuscript publicly, prior to peer review, on SSRN.
Use of inclusive language
Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences, and promotes
equal opportunities. Authors should ensure their work uses inclusive language throughout and contains nothing
which might imply one individual is superior to another on the grounds of:

* age

* gender

* race

* ethnicity

¢ culture

+ sexual orientation

¢ disability or health condition
We recommend aveiding the use of descriptors about personal attributes unless they are relevant and valid. Write

for gender neutrality with the use of plural nouns ("clinicians, patients/clients") as default. Wherever possible, avoid

using "he, she," or "he/she.
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No assumptions should be made about the beliefs of readers and writing should be free from bias, stereotypes,
slang, reference to dominant culture and/or cultural assumptions.

These guidelines are meant as a point of reference to help you identify appropriate language but are by no means
exhaustive or definitive.

Reporting sex- and gender-based analyses
There is no single, universally agreed-upon set of guidelines for defining sex and gender. We offer the following

guidance:

* sex and gender-based analyses (SGBA) should be integrated into research design when research involves or
pertains to humans, animals or eukaryotic cells. This should be done in accordance with any requirements set by

funders or sponsors and best practices within a field.

* Sex and/or gender dimensions of the research should be addressed within the article or declared as a limitation

to the generalizability of the research.

* Definitions of sex and/or gender applied should be explicitly stated to enhance the precision, rigor and
reproducibility of the research and to avoid ambiguity or conflation of terms and the constructs to which they
refer.

We advise you to read the Sex and Gender Equity in Research (SAGER) guidelines and the SAGER checklist (PDF) on
the EASE website, which offer systematic approaches to the use of sex and gender information in study design, data

analysis, outcome reporting and research interpretation.

For further information we suggest reading the rationale behind and recommended use of the SAGER guidelines.
Definitions of sex and/or gender

We ask authors to define how sex and gender have been used in their research and publication. Some guidance:

* Sex generally refers to a set of biological attributes that are associated with physical and physiological features
such as chromosomal genotype, hormonal levels, internal and external anatomy. A binary sex categorization
(maleffemale) is usually designated at birth ("sex assigned at birth") and is in most cases based solely on the
visible external anatomy of a newborn. In reality, sex categorizations include people who are intersex/have

differences of sex development (DSD).

* Gender generally refers to socially constructed roles, behaviors and identities of women, men and gender-diverse
people that occur in a historical and cultural context and may vary across societies and over time. Gender
influences how people view themselves and each other, how they behave and interact and how power is
distributed in society.

Depending on the focus of a paper, sex and/or gender may or may not be relevant to the content of the paper. We
recognize that beliefs, attitudes, and laws relating to sex and gender may vary. These articles do not attempt to
dictate author beliefs but rather require that, where relevant to an author’s research or paper, the author must

provide clear explanations of how the paper and research define and use sex and gender.

Jurisdictional claims
Elsevier respects the decisions taken by its authors as to how they choose to designate territories and identify their

affiliations in their published content. Elsevier’s policy is to take a neutral position with respect to territorial disputes
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or jurisdictional claims, including, but not limited to, maps and institutional affiliations. For journals that Elsevier
publishes on behalf of a third party owner, the owner may set its own policy on these issues.

* Maps: Readers should be able to locate any study areas shown within maps using common mapping platforms.
Maps should only show the area actually studied and authors should not include a location map which displays
a larger area than the bounding box of the study area. Authors should add a note clearly stating that "map lines
delineate study areas and do not necessarily depict accepted national boundaries". During the review process,

Elsevier’s editors may request authors to change maps if these guidelines are not followed.

* Institutional affiliations: Authors should use either the full, standard title of their institution or the standard
abbreviation of the institutional name so that the institutional name can be independently verified for research

integrity purposes.

Studies in humans

Authors must follow ethical guidelines for studies carried out in humans.

Work which involves the use of human subjects should be carried out in accordance with the World Medical

Association Declaration of Helsinki: Ethical principles for medical research involving human subjects.

Manuscripts should follow the International Committee of Medical Journal Editors (ICM]E) recommendaticns for the
conduct, reporting, editing and publication of scholarly work in medical journals and aim to be representative of
human populations in terms of sex, age and ethnicity. Sex and gender terms should be used correctly, as outlined by
WHO (World Health Organization).

Manuscripts must include a statement that all procedures were performed in compliance with relevant laws and
institutional guidelines and have been approved by the appropriate instituticnal committee(s). The statement should

contain the date and reference number of the ethical approval(s) obtained.

Manuscripts must also include a statement that the privacy rights of human subjects have been observed and that

informed consent was obtained for experimentation with human subjects.

This journal will not accept manuscripts that contain data derived from unethically sourced organs or tissue,
including from executed prisoners or prisoners of conscience, consistent with recommendations by Global Rights
Compliance on Mitigating Human Rights Risks in Transplantation Medicine. For all studies that use human organs or
tissues, sufficient evidence must be provided that these were procured in line with WHO Guiding Principles on
Human Cell, Tissue and Organ Transplantation. For clinical studies, a statement of informed consent having been
obtained from a patient or their nominated representative, paired with ethical approval for the study from a suitable
institution, as required by the policies of the journal, may be considered sufficient evidence, but the journal reserves
the right to request additional evidence in cases where it feels this is not sufficient. The source of the organs or
tissues used in clinical research must be transparent and traceable. If your manuscript describes organ

transplantation you must additionally declare within the manuscript that:
* autonomous consent free from coercion was obtained from the donor(s) or their next of kin.

¢ organs and/or tissues were not sourced from executed prisoners or prisoners of conscience.

Studies in animals

Authors must follow ethical guidelines for studies carried out in animals.

All animal experiments should comply with ARRIVE (Animal Research: Reporting of In Vivo Experiments) guidelines.
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Studies should be carried out in accordance with Guidance on the operation of the Animals (Scientific Procedures)
Act 1986 and associated guidelines, EU Directive 2010/63 for the protection of animals used for scientific purposes or
the NIH (National Research Council) Guide for the Care and Use of Laboratory Animals (PDF).

A statement should be included in your manuscript that such guidelines as listed above have been followed.

The sex of animals, and where appropriate, the influence (or association) of sex on the results of the study must be
indicated.

Informed consent and patient details
Authors must document in the manuscript that ethics committee approval and informed consent have been

obtained for studies involving patients or volunteers (including organ/tissue donors). Key guidelines:

* Appropriate consents, permissions and releases must be obtained if case details, personal information and

images of patients or any other individuals are included in a publication, even if anonymized.

* Patient and research subjects’ names, initials, hospital or social security numbers, dates of birth or any other

personal or identifying information should never be used, even where consent has been provided.

Written consents must be retained. They should not be provided to this journal unless this is specifically requested in
exceptional circumstances, for example, when a legal issue arises. Only then should you provide copies of the
consents, or evidence that all relevant consents were obtained.

Personal details of any patient must only be included in your article or in any supplementary materials (including all

images and videos) in cases where written permission has been given by the patient (or, where applicable, the next of
kin).

We advise you to review Elsevier's policy on patient consent prior to preparing your manuscript.

Case reports
For case reports you are required to follow CARE guidelines and provide the CARE checklist at manuscript

submission.
* Read the CARE guidelines

* Follow the CARE checklist

Delayed publication

If you need to delay the publication of your article for any reason, please contact the editorial office of the journal or
our Journal Article Publishing Support Center at the earliest possible opportunity. While we will try to ensure that
your article is not published before a certain date if you make your request on a timely basis, we cannot guarantee
this. Please also note that once the agreed period of delay has expired the article may be published at any time

thereafter.

Writing and formatting

File format
We ask you to provide editable source files for your entire submission (including figures, tables and text graphics).

Some guidelines:
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+ Save files in an editable format, using the extension .doc/.docx for Word files and .tex for LaTeX files. A PDF is not
an acceptable source file.

* Format Word files in a single-column layout. Double-column formatting is only permitted for LaTeX submissions.

* Remove any strikethrough and underlined text from your manuscript, unless it has scientific significance related

to your article.
* Use spell-check and grammar-check functions to avoid errors.

We advise you to read our Step-by-step guide to publishing with Elsevier.

Title page

You are required to include the following details in the title page information:

* Article title. Article titles should be concise and informative. Please avoid abbreviations and formulae, where
possible, unless they are established and widely understood, e.g. DNA.

* Author names. Provide the given name(s) and family name(s) of each author. The order of authors should match
the order in the submission system. Carefully check that all names are accurately spelled. If needed, you can add

your name between parentheses in your own script after the English transliteration.

+ Affiliations. Add affiliation addresses, referring to where the work was carried out, below the author names.
Indicate affiliations using a lower-case superscript letter immediately after the author's name and in front of the
corresponding address. Ensure that you provide the full postal address of each affiliation, including the country

name and, if available, the email address of each author.

¢ Corresponding author. Clearly indicate who will handle correspondence for your article at all stages of the
refereeing and publication process and also post-publication. This responsibility includes answering any future
queries about your results, data, methodology and materials. It is important that the email address and contact

details of your corresponding author are kept up to date during the submission and publication process.

* Present/permanent address. If an author has moved since the work described in your article was carried out, or
the author was visiting during that time, a "present address" (or "permanent address") can be indicated by a
footnote to the author's name. The address where the author carried out the work must be retained as their
main affiliation address. Use superscript Arabic numerals for such footnotes.

Abstract
You are required to provide a concise and factual abstract which does not exceed 250 words. The abstract should
briefly state the purpose of your research, principal results and major conclusions. Some guidelines:

¢ Abstracts must be able to stand alone as abstracts are often presented separately from the article.

* Avoid references. If any are essential to include, ensure that you cite the author(s) and year(s).

¢ Avoid non-standard or uncommon abbreviations. If any are essential to include, ensure they are defined within

your abstract at first mention.

Structured abstract
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A structured abstract, by means of appropriate headings, should provide the context or background for your

research. Some guidelines:
* State the purpose of your research.

* Outline basic procedures followed such as the selection of study subjects or laboratory animals and

observational and analytical methods.

¢ Include your main findings, providing specific effect sizes and their statistical significance, if possible, and your

principal conclusions.

* Emphasize new and important aspects of your study or observations.

Keywords
You are required to provide 1to 7 keywords for indexing purposes. Keywords should be written in English. Please try

to avoid keywords consisting of multiple words (using "and" or "of").

We recommend that you only use abbreviations in keywords if they are firmly established in the field.

Highlights

You are encouraged to provide article highlights at submission.

Highlights are a short collection of bullet points that should capture the novel results of your research as well as any
new methods used during your study. Highlights will help increase the discoverability of your article via search

engines. Some guidelines:

¢ Submit highlights as a separate editable file in the online submission system with the word "highlights" included

in the file name.
¢ Highlights should consist of 3 to 5 bullet points, each a maximum of 85 characters, including spaces.

We encourage you to view example article highlights and read about the benefits of their inclusion.

Graphical abstract
You are encouraged to provide a graphical abstract at submission.

The graphical abstract summarizes the contents of your article in a concise, pictorial, professional form, highlighting
important aspects of the research. It is designed to appeal to an interdisciplinary audience, and draw more attention

to your online article. Some guidelines:

* Ensure you have obtained the necessary permission to include any third party owned material in a graphical

abstract.

¢ Use of generative Al or Al-assisted tools in the production of graphical abstracts must align with Elsevier’s GenAl

Policies for Journals.
¢ Submit your graphical abstract as a separate file in the online submission system.

* Ensure the image is 531 x 1328 pixels (h x w) or proportionally more, and is readable at a size of 5x 13 cm.
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+ Preferred file types for graphical abstracts are TIFF, EPS, PDF or MS Office files.

More information, examples and a template can be found in the graphical abstract guidelines.

Tables

Tables must be submitted as editable text, not as images. Some guidelines:
* Place tables next to the relevant text or on a separate page(s) at the end of your article.
¢ Cite all tables in the manuscript text.
¢ Number tables consecutively according to their appearance in the text.
* Please provide captions along with the tables.
¢ Place any table notes below the table body.
* Avoid vertical rules and shading within table cells.

We recommend that you use tables sparingly, ensuring that any data presented in tables is not duplicating results

described elsewhere in the article.

Figures, images and artwork
Figures, images, artwork, diagrams and other graphical media must be supplied as separate files along with the

manuscript. We recommend that you read our detailed artwork and media instructions. Some excerpts:
When submitting artwork:

+ Cite all images in the manuscript text.

* Numberimages according to the sequence they appear within your article.

¢ Submit each image as a separate file using a logical naming convention for your files (for example, Figure_1,

Figure_2 etc).

¢ Text graphics may be embedded in the text at the appropriate position. If you are working with LaTeX, text
graphics may also be embedded in the file.

Figure captions
Allimages must have a caption. A caption should consist of a brieftitle (not displayed on the figure itself) and a
description of the image. We advise you to keep the amount of text in any image to a minimum, though any symbols

and abbreviations used should be explained.

Read how to add captions to your submission here.

Artwork formats

When your artwork is finalized, "save as" or convert your electronic artwork to the formats listed below taking into

account the given resolution requirements for line drawings, halftones, and line/halftone combinations:

¢ Vector drawings: Save as EPS or PDF files embedding the font or saving the text as "graphics."
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* Color or grayscale photographs (halftones): Save as TIFF, JPG or PNG files using a minimum of 300 dpi (for single
column width: min. 1063 pixels, full page width: 2244 pixels).

* Bitmapped line drawings: Save as TIFF, JPG or PNG files, using a minimum of 1000 dpi (for single column width:
min. 3543 pixels, full page width: 7480 pixels).

* Combinations bitmapped line/halftones (color or grayscale): Save as TIFF, JPG or PNG files using a minimum of
500 dpi (for single column: min. 1772 pixels, full page width: 3740 pixels).

Please do not submit:
* Files that are too low in resolution.
¢ Disproportionally large images compared to font size, as text may become unreadable.

Color artwork

If you submit usable color figures with your accepted article, we will ensure that they appear in color online.

Please ensure that color images are accessible to all, including those with impaired color vision. Learn more about
color and web accessibility.

Generative Al and Figures, images and artwork
Please read our policy on the use of generative AI and Al-assisted tools in figures, images and artwork, which can be

found in Elsevier’s GenAl Policies for Journals. This policy states:

* We do not permit the use of Generative AI or Al-assisted tools to create or alter images in submitted

manuscripts.

* The only exception is if the use of AI or Al-assisted tools is part of the research design or methods (for example, in
the field of biomedical imaging). If this is the case, such use must be described in a reproducible manner in the
methods section, including the name of the model or tool, version and extension numbers, and manufacturer.

¢ The use of generative Al or Al-assisted tools in the production of artwork such as for graphical abstracts is not
permitted. The use of generative Al in the production of cover art may in some cases be allowed, if the author
obtains prior permission from the journal editor and publisher, can demonstrate that all necessary rights have
been cleared for the use of the relevant material, and ensures that there is correct content attribution.

Supplementary material
We encourage the use of supplementary materials such as applications, images and sound clips to enhance
research. Some guidelines:

¢ Supplementary material should be accurate and relevant to the research.

¢ Cite all supplementary files in the manuscript text.

* Submit all supplementary materials at the same time as your manuscript.

¢ Include a concise, descriptive caption for each supplementary file, describing its content.

* After submission supplementary files can only be added or replaced in the revision stage of the editorial process.
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* Be aware that all supplementary materials provided will appear online in the exact same way as received. These
files will not be checked, formatted or typeset by the production team.

Video
This journal accepts video material and animaticn sequences to support and enhance your scientific research. We

encourage you to include links to video or animation files within articles. Some guidelines:

* When including video or animation file links within your article, refer to the video or animation content by

adding a note in your text where the file should be placed.
* Clearly label files ensuring the given file name is directly related to the file content.

* Provide files in one of our recommended file formats. Files should be within our preferred maximum file size of
150 MB per file, 1 GB in total.

¢ Provide "stills" for each of your files. These will be used as standard icons to personalize the link to your video

data. You can choose any frame from your video or animation or make a separate image.

* Provide descriptive text in your manuscript to refer to the video content. This text helps ensure accessibility for
visually impaired readers who rely on descriptive information. For journals publishing in print this is also
essential, as video and animation files cannot be embedded in the print version.

We publish all video and animation files supplied in the electronic version of your article.

For more detailed instructions, we recommend that you read our guidelines on submitting video content to be
included in the body of an article.

Research data

We are committed to supporting the storage of, access to and discovery of research data, and our research data
policy sets out the principles guiding how we work with the research community to support a more efficient and
transparent research process.

Research data refers to the results of observations or experimentation that validate research findings, which may
also include software, code, models, algorithms, protocols, methods and other useful materials related to the

project.

Please read our guidelines on sharing research data for more information on depositing, sharing and using research

data and other relevant research materials.
Research data deposit, citation and linking

For this journal, Option B instructions from our research data guidelines apply. This means that you are encouraged
to:

¢ Deposit your research data in a relevant data repository.
+ Cite and link to this dataset in your article.

¢ Ifthisis not possible, make a statement explaining why research data cannot be shared.
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Data statement

To foster transparency, you are encouraged to state the availability of any data at submission.

Ensuring data is available may be a requirement of your funding body or institution. If your data is unavailable to
access or unsuitable to post, you can state the reason why (e.g., your research data includes sensitive or confidential
information such as patient data) during the submission process. This statement will appear with your published

article on ScienceDirect.

Read more about the importance and benefits of providing a data statement.

Data linking
Linking to the data underlying your work increases your exposure and may lead to new collaborations. It also

provides readers with a better understanding of the described research.

If your research data has been made available in a data repository there are a number of ways your article can be
linked directly to the dataset:

¢ Provide a link to your dataset when prompted during the online submission process.

* For some data repositories, a repository banner will automatically appear next to your published article on

ScienceDirect.

* You can also link relevant data or entities within the text of your article through the use of identifiers. Use the
following format: Database: 12345 (e.g. TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN).

Learn more about linking research data and research articles in ScienceDirect.

Mendeley data
This journal supports Mendeley Data, enabling you to deposit any research data (including raw and processed data,
video, code, software, algorithms, protocols and methods) associated with your manuscript in a free-to-use, open

access repository.

Before or during the submission process, you can deposit the relevant datasets to Mendeley Data. Please include the

DOI of the deposited dataset(s) in your main manuscript file.

The datasets will be listed and directly accessible to readers next to your published article online.
Learn more about Mendeley Data for journals.

Co-submission of related data, methods or protocols

You are encouraged to publish a description of your research data, methods, or protocols related to your regular

article as a co-submission article in Data in Brief or MethodsX.

This co-submission can be submitted at the same time as your regular manuscript submission to this journal. If both
your regular and co-submitted manuscripts are accepted for publication, they will be linked together on

ScienceDirect, thereby promoting research reproducibility, interoperability, and open science.

* Prepare a separate manuscript describing your research data, methods, or protocols using the mandatory

templates from Data in Brief or in MethodsX.
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* Submit this co-submission alongside your regular manuscript as a separate submission item; on the ‘Attach files’
page in Editorial Manager, after which it will be automatically forwarded to the Data in Brief or MethodsX and
assigned an editor.
¢ For associated Article Processing Charge (APC) details, please visit:
© MethodsX
© Datain Brief
Please note: Due to the automated process of submitting to Data in Brief or MethodsX, only after acceptance will you
be presented with a personalized OA Article Publishing Charge based on your individual context (your country,

institutional affiliation, and any society membership for example).

Please visit co-submission Researcher Support page for more information on how to submit a co-submission.

Article structure
Article sections
Divide your manuscript into clearly defined sections covering all essential elements using headings.
Acknowledgements
Include any individuals who provided you with help during your research, such as help with language, writing or
proof reading, in the acknowledgements section.
Acknowledgements should be placed in a separate section which appears directly before the reference list. Do not
include acknowledgements on your title page, as a footnote to your title, or anywhere else in your article other than
in the separate acknowledgements section.
Author contributions: CRediT
Corresponding authors are required to acknowledge co-author contributions using CRediT (Contributor Roles
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¢ Formal analysis
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* Resources
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* Supervision

* Validation

¢ Visualization

¢ Writing — original draft

* Writing — review and editing
Not all CRediT roles will apply to every manuscript and some authors may contribute through multiple roles.
We advise you to read more about CRediT and view an example of a CRediT author statement.

Appendices

We ask you to use the following format for appendices:
* Identify individual appendices within your article using the format: A, B, etc.

* Give separate numbering to formulae and equations within appendices using formats such as Eq. (A.1), Eq. (A.2),
etc. and in subsequent appendices, Eq. (B.1), Eq. (B. 2) etc. In a similar way, give separate numbering to tables and
figures using formats such as Table A.1; Fig. A.1, etc.

Journal specific information: Article structure

Follow this order when typing Papers:

Title, Authors, Affiliations, Keywords, Abstract, Main text (suitably divided under headings), Acknowledgements,

Appendix, References and Figure Captions.

Do not import the Figures or Tables into your text; they are to be uploaded separately. The corresponding author
should be identified with an asterisk and footnote. All other footnotes (except for table footnotes) should be

identified with superscript Arabic numbers.

References
References within text

Any references cited within your article should also be present in your reference list and vice versa. Some guidelines:
* References cited in your abstract must be given in full.

¢ We recommend that you do not include unpublished results and personal communications in your reference list,
though you may mention them in the text of your article.

¢ Any unpublished results and personal communications included in your reference list must follow the standard
reference style of the journal. In substitution of the publication date add "unpublished results" or "personal
communication

* References cited as "in press" imply that the item has been accepted for publication.

Linking to cited sources will increase the discoverability of your research. We encourage the use of Digital Object

Identifiers (DOIs) as reference links, as they provide a permanent link to the electronic article referenced.
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have been copied. Providing correct reference data allows us to link to abstracting and indexing services such as
Scopus, Crossref and PubMed. Any incorrect surnames, journal or book titles, publication years or pagination within
your references may prevent link creation.

Reference style

Indicate references by adding a number within square brackets in the text. You can refer to author names within your
text, but you must always give the reference number, e.g., "as demonstrated [3,6]. Barnaby and Jones [8] cbtained a
different result ...

The list of references should be arranged alphabetically and then numbered (numbers in square brackets).
Abbreviate journal names according to the List of Title Word Abbreviations (LTWA).

Examples:
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[1]]- van der Geer, T. Handgraaf, R.A. Lupton, The art of writing a scientific article, ]. Sci. Commun. 163 (2020) 51 - 59.
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https://doi.org/10.1016/j.heliyon.2022.e00205.
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[3] W. strunk]r., E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000.
Reference to a chapterin a book:

[4] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S. Jones, R.Z. Smith (Eds)),
Intreduction to the Electronic Age, E-Publishing Inc., New York, 2020, pp. 281 —304.

Reference to a website:

[5] cancer Research UK, Cancer statistics reports for the UK.

http:/fwww.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/, 2023 (accessed 13 March 2023).

Reference to a dataset:

[6] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka,Mortality data for Japanese oak wilt disease and surrounding forest
compositions [dataset], Mendeley Data, v1, 2015. https://doi.org/10.17632 /xwj98nb39r.1.

Reference to software:

[7] E. Coon, M. Berndt, A. Jan, D. Svyatsky, A. Atchley, E. Kikinzon, D. Harp, G. Manzini, E. Shelef, K. Lipnikov, R.
Garimella, C. Xu, D. Moulton, S. Karra, S. Painter, E. Jafarov, S. Molins, Advanced Terrestrial Simulator(ATS)vCl.SS
[software], Zenodo, March 25, 2020. https://doi.org/10.5281/zenod0.3727209.
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Web references
When listing web references, as a minimum you should provide the full URL and the date when the reference was
last accessed. Additional information (e.g. DOI, author names, dates or reference to a source publication) should also

be provided, if known.

You can list web references separately under a new heading directly after your reference list or include them in your

reference list.
Data references
We encourage you to cite underlying or relevant datasets within article text and to list data references in the
reference list.
When citing data references, you should include:
* author name(s)
¢ dataset title
¢ data repository
* version (where available)
* year

+ global persistent identifier

Add [dataset] immediately before your reference. This will help us to properly identify the dataset. The [dataset]

identifier will not appearin your published article.

Preprint references
We ask you to mark preprints clearly. You should include the word "preprint" or the name of the preprint server as

part of your reference and provide the preprint DOIL

Where a preprint has subsequently become available as a peer-reviewed publication, use the formal publication as

your reference.

If there are preprints that are central to your work or that cover crucial developments in the topic, but they are not

yet formally published, you may reference the preprint.

Reference management software
Most Elsevier journals have their reference template available in popular reference management software products.

These include products that support Citation Style Language (CSL) such as Mendeley Reference Manager.
If you use a citation plug-in from these products, select the relevant journal template and all your citations and
bibliographies will automatically be formatted in the journal style. We advise you to remove all field codes before

submitting your manuscript to any reference management software product.

If a template is not available for this journal, follow the format given in examples in the reference style section of
this Guide for Authors.
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Submitting your manuscript

Submission checklist

Before completing the submission of your manuscript, we advise you to read our submission checklist:

* One author has been designated as the corresponding author and their full contact details (email address, full
postal address, and phone numbers) have been provided. Only the corresponding author’s affiliation will be used

to determine eligibility for the publishing agreement.

¢ All files have been uploaded, including tables and figures (including titles, captions, and footnotes), keywords,

supplementary materials, and videos.
¢ Spelling and grammar checks have been carried out.
* All references in the article text are cited in the reference list, and vice versa.
* Permission has been obtained for the use of any copyrighted material from other sources, including the Web.

* For open access articles, all authors understand that they are responsible for payment of the article publishing
charge (APC) if the manuscript is accepted. Payment of the APC may be covered by the corresponding author's
institution, or the research funder.

Submit online
Our online submission system guides you through the process steps of entering your manuscript 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 article for final publication. All correspondence,

including notification of the editor's decision and requests for revision, is sent by email.

Please follow this link to submit your paper.

After receiving a final decision

Article Transfer Service
If your manuscript is more suitable for an alternative journal published by Elsevier, you may receive an email asking

you to consider transferring your manuscript via the Elsevier Article Transfer Service.

The recommendation could come from the journal editor, a dedicated in-house scientific managing editor, a tool-
assisted recommendation or a combination.

If you agree with the recommendation, your manuscript will be transferred and independently reviewed by the
editors of the new journal. You will have the opportunity to make revisions, if necessary, before the submission is

complete at the destination journal.

Publishing agreement

Authors will be asked to complete a publishing agreement after acceptance. The corresponding author will receive a
link to the online agreement by email. We advise you to read Elsevier's policies related to copyright to learn more
about our copyright policies and your, and your employer's/institution’s, additional rights for subscription and open

access articles.
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License options
Authors will be offered open access user license options which will determine how you, and third parties, can reuse
your open access article. We advise that you review these options and any funding body license requirements before

selecting a license option.

Open access

We refer you to our open access information page to learn about open access options for this journal.

Permission for copyrighted works
If excerpts from other copyrighted works are included in your article, you must obtain written permission from the

copyright owners and credit the source(s) within your article using Elsevier's permission request and license form.

Proof correction

To ensure a fast publication process we will ask you to provide proof corrections within two days.

Corresponding authors will be sent an email which includes a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to Word. You can edit text, comment on
figures and tables and answer questions raised by our copy editor. Our web-based proofing service ensures a faster

and less error-prone process.

You can choose to annotate and upload your edits on the PDF version of your article, if preferred. we will provide you

with proofing instructions and available alternative proofing methods in our email.

The purpose of the proofis to check the typesetting, editing, completeness and correctness of your article text, tables
and figures. Significant changes to your article at the proofing stage will only be considered with approval of the

journal editor.

Share Link
A customized Share Link, providing 50 days free access to the final published version of your article on ScienceDirect,
will be sent by email to the corresponding author. The Share Link can be used to share your article on any

communication channel, such as by email or on social media.

A Share Link will not be provided if your article is published open access. The final published version of your open

access article will be openly available on ScienceDirect and can be shared through the article DOI link.

Responsible sharing
We encourage you to share and promote your article to give additional visibility to your work, enabling your paper to
contribute to scientific progress and foster the exchange of scientific developments within your field. Read more

about how to responsibly share and promote your article.

Resources for authors

Language and editing services
We recommend that you write in American or British English but not a combination of both.

If you feel the English language in your manuscript requires editing to eliminate possible grammatical or spelling

errors and to conform to correct scientific English, you may wish to use the English Language Editing service

provided by Elsevier's Author Services.
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Getting help and support

Author support

We recommend that you visit our Journal Article Publishing Support Center if you have questions about the editorial
process or require technical support for your submission. Some popular FAQs:

¢ How can I track the status of my submitted article?

* When will my article be published?
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