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APRESENTACAO

Em marco de 2019 iniciei 0 mestrado no Programa de Pos-graduacdo em Ciéncias
da Reabilitacdo da Universidade de Brasilia — Faculdade de Ceilandia, sob orientagdo do
Prof. Dr. Jodo Luiz Quaglioti Durigan. Em outubro de 2019 o projeto intitulado
“Influéncia do posicionamento de eletrodos e tipo de corrente utilizada nas adaptacdes
neuromusculares induzidas pela estimulacdo elétrica neuromuscular: Implicacdes na
reabilitagdo” foi aprovado pelo Comité de Etica e Pesquisa da Faculdade de Ceilandia
(CEP/FCE) (CAAE: 14734619.3.0000.8093), e a partir deste momento iniciamos as

coletas dos participantes que se voluntariaram a pesquisa, em novembro de 2019.

Avaliamos 4 participantes, em um total de 13 sessdes realizadas, com nenhum
participante completando as 9 sessdes necessarias para este estudo. O projeto e os dados
coletados até aquele momento foram, entdo, apresentados no exame de qualificacdo em
marco de 2020. Os membros da banca concordaram que devido a diferenca do nimero de
sujeitos para cada corrente, ndo havia valores semelhantes entre 0s grupos, e, por isso,
ndo foi possivel naguele momento avaliar e interpretar os resultados parciais
apresentados. Durante a qualificacdo os examinadores sugeriram algumas modificacdes
no projeto, principalmente relacionadas ao protocolo de pesquisa, dentre elas: o
posicionamento do participante no dinamdmetro isocinético, a especificacdo do
estimulador elétrico utilizado, uma melhor utilizacdo da Escala Visual Analdgica (EVA)
para analise de desconforto sensorial, controle de possivel efeito da fadiga; e sugeriram
uma revisdo na forma de analise estatistica das variaveis do estudo. As modificagdes
sugeridas foram aceitas e em seguida foi feita uma emenda ao CEP/FCE com as alteragdes

necessarias no projeto, aprovada posteriormente por este Comité.

Dias ap0s o exame de qualificagédo, devido a pandemia de COVID-19 no Brasil, o
Distrito Federal decretou estado de quarentena e isolamento, desenvolvendo ao longo das
semanas diferentes medidas de contencdo da pandemia, dentre elas o fechamento de
Universidades, paralisando por tempo indeterminado as atividades presenciais, incluindo
a utilizacdo dos laboratorios. Neste cenario, o laboratorio de treinamento de forca da
Faculdade de Educagdo Fisica — Universidade de Brasilia, onde as coletas estavam sendo

realizadas, seguiu as recomendacOes e paralisou suas atividades. Com essa medida, a



continuidade do ensaio clinico inicialmente proposto ficou comprometida, e esta

interrompida até a data da apresentacdo deste trabalho.

Tendo em vista a incerteza acerca do retorno das atividades como eram antes do
inicio da pandemia, e com o0 objetivo de ndo comprometer o prazo para defesa de
mestrado e de ndo gerar maiores intempéries ao programa de pos-graduacédo, em acordo
com meu orientador, decidimos propor a minha dissertacdo de mestrado com uma revisdo
sistematica que j& haviamos iniciado no final de 2019, com a colaboragao dos professores
Dr. Wagner Rodrigues Martins e Dr. Gerson Cipriano Janior, da Universidade de Brasilia
(UnB) e do professor Dr. David Frederic Collins, da Universidade de Alberta — Canada.
A parceria com o professor David Collins se formou deste o inicio do projeto de mestrado,
com a construcdo da metodologia de pesquisa do ensaio clinico “Influéncia do
posicionamento de eletrodos e tipo de corrente utilizada nas adaptagcdes neuromusculares
induzidas pela estimulacdo elétrica neuromuscular: Implicagdes na reabilitacdo” e a
escrita desta revisdo sistematica proporcionou uma maior aproximacao, resultando na
construcdo deste estudo, que tem o professor Dr. David Frederic Collins como um dos

autores.

As andlises feitas nesta revisdo sistematica tém total relacdo com o ensaio clinico
que tivemos que interromper devido aos acontecimentos, e os resultados encontrados aqui
servirdo de suporte tedrico para quando retornarmos as atividades no laboratério. Caso a
vacinacdo em massa ocorra ainda neste semestre e os casos de COVID-19 reduzam, o
recrutamento de pesquisa sera retomado no segundo semestre de 2021. Além disso,
estamos seguindo as recomendacdes dos especialistas do Plano de contingéncia da UnB

para enfrentamento da pandemia de COVID-19.

Assim, o0 ensaio clinico “Influéncia do posicionamento de eletrodos ¢ tipo de
corrente utilizada nas adapta¢fes neuromusculares induzidas pela estimulacdo elétrica
neuromuscular: ImplicacOes na reabilitagdo” serd concluido posteriormente na forma de
doutoramento por mim, pois acreditamos no potencial desse estudo, pensado com elevado
rigor metodolégico e homogeneidade dos parametros das correntes escolhidas, com
objetivo de colaborar com a literatura acerca do tema, frequentemente afetada pela baixa

gualidade metodoldgica e heterogeneidade dos parametros escolhidos.



RESUMO EXPANDIDO

Titulo: FADIGA INDUZIDA PELA CONTRACAO EVOCADA, ADAPTACOES DE
FORCA MUSCULAR E DESCONFORTO DURANTE ESTIMULACAO ELETRICA
NEUROMUSCULAR CONVENVIONAL VERSUS PULSO LARGO DE ALTA
FREQUENCIA: UMA REVISAO SISTEMATICA

Introducdo: A estimulacdo elétrica neuromuscular (EENM) é usada para gerar
contracdes com o objetivo de restaurar a funcdo e melhorar a forga e resisténcia muscular.
A EENM convencional (CONVEeenm) envolve pulsos relativamente curtos (~ 0,1-0,5 ms)
entregues em baixas frequéncias (~ 20-50 Hz), normalmente por meio de eletrodos sobre
um mausculo, estimulando axénios motores por meio de “vias periféricas”. A contragdo
por meio de vias periféricas recruta unidades motoras em uma ordem nao fisiologica e
aleatoria. Assim, a CONVEeenm resulta em maior fadiga induzida pela contragéo, definida
como um declinio no torque ao longo do tempo. A EENM também pode utilizar pulsos
mais largos, com frequéncias mais altas (PLeenm: 1 ms de largura de pulso, frequéncia ~
100 Hz). A PLeenm foi desenvolvida para reduzir a fadiga induzida pela contragdo e
melhorar os resultados de programas de EENM, gerando contragdes por meio de “vias
centrais”, portanto, de uma maneira mais fisiologicamente relevante do que 8 CONVEgenwm.
No entanto, se a fadiga induzida pela contracdo é de fato reduzida ou os resultados da

EENM sdo melhores com o uso de PLeenm ainda ndo é claro.

Até 0 momento, ndo ha uma revisao sistematica que compare CONVeenm € PLeenm para
orientar a pratica clinica em relacdo a EENM. Esta revisao, portanto, foi desenvolvida
para sumarizar a pesquisa comparando CONVeenm e PLeenwm, para avaliar os efeitos
destas intervencGes em desfechos importantes para programas baseados em EENM. As
descobertas ajudardo os profissionais de satde a entender melhor os efeitos da EENM no
sistema neuromuscular e contribuirdo para uma base de evidéncias para desenvolver

estratégias em programas de EENM.

Objetivos: O principal objetivo desta revisdo sistematica foi comparar os efeitos de dois
tipos de EENM, CONVEeenm € PLeenwm, Na fadiga induzida pela contracdo, adaptacoes de
forca e desconforto percebido em populacées clinicas e ndo-clinicas.



Hipoteses: Nossa hipotese inicial foi de que a fadiga induzida pela contracdo seria menor
e haveria maior ganho de for¢a na PLeenm. Também levantamos a hipdtese de que a
CONVEeenwm adicionaria menos desconforto durante a sessdo de EENM.

Métodos: As bases de dados pesquisadas incluiram Pubmed, Embase, MEDLINE, Web
of Science, SCiELO, EBSCO, LILACS, PEDro, Cochrane e EMBASE. Dois revisores
independentes selecionaram estudos e extrairam informacgdes. Os estudos foram
selecionados se comparassem CONVeenm com PLeenm com fadiga induzida pela
contragéo, adaptacdes de forca ou desconforto percebido como resultados. Um desfecho
primario foi a fadiga induzida pela contragédo, quantificada como um declinio no torque
em contracdes evocadas por EENM durante uma Unica sessao. As adaptacdes de forca,
definidas como uma mudanca no torque produzido durante as contrag¢des voluntarias
maximas (CVMs) realizadas antes e depois de um programa de treinamento com EENM,
também foi um resultado primario. O resultado secundério foi o desconforto percebido

conforme avaliado usando a escala visual analégica (EVA).

A qualidade dos estudos foi avaliada usando a escala PEDro, e a qualidade geral foi
avaliada usando os critérios da Grading of Recommendations, Assessment, Development,

and Evaluation.

Resultados: Oito estudos foram incluidos, com um total de 171 participantes. Em estudos
de curto e longo prazo, quando calculada a média de todos os participantes nao-clinicos,
ndo houve diferenca entre CONVEeenm e PLeenm para todos os resultados ou a PLeenm
produziu mais fadiga. Em um subconjunto de participantes ndo-clinicos
(“respondedores”), no entanto, a PLeenm reduziu a fadiga induzida pela contragéo durante
uma unica sessdo. Estudos de longo prazo nao encontraram diferencas entre os protocolos
para fadiga ou adaptacdes de forca. A qualidade metodoldgica dos estudos selecionados

foi considerada muito baixa.

Discussdo: Esta é a primeira revisdo sistematica a sumarizar pesquisas comparando
CONVEeenm € PLeenmw em  desfechos relevantes para programas de EENM,
especificamente a respeito de fadiga induzida pela contracdo, adaptacdes de forca e
desconforto percebido. Em geral, ndo encontramos diferencas entre CONVeenm € PLeenm
para fadiga e desconforto em estudos de curto e longo prazo em populagdes ndo-clinicas
e para adaptacdes de forca e fadiga em pacientes com esclerose multipla (EM) em um

estudo de longo prazo, portanto, propomos que fisioterapeutas alcangariam resultados



semelhantes usando CONVeenm ou PLeenm. A PLeenm reduziu a fadiga induzida pela
contracdo, no entanto, em um subconjunto de participantes n&o-clinicos, o0s

“respondedores”.

O desconforto percebido foi avaliado em um estudo de curto prazo no qual os escores da
EVA néo foram diferentes entre CONVEeenm € PLeenm. A CONVEenm, NO entanto, exigia
mais corrente do que a PLeenm para obter a mesma amplitude de contragdo inicial,
portanto, esperava-se que a CONVEeenm induzisse mais desconforto. Mais estudos séo
necessarios para comparar os efeitos de PLeenm € CONVEeenm No desconforto percebido.

Conclusao: Os resultados dos estudos de curto e longo prazo sugerem que, em geral, em
um grupo de participantes ndo-clinicos, ndo ha diferenca entre CONVeenm € PLeenm para
fadiga induzida pela contracdo, adaptacGes de forca ou desconforto percebido. Ha
evidéncias, no entanto, de que uma unica sesséo de PLeenm pode reduzir a fadiga induzida
pela contragdo, em comparagdo com CONVEeenm, para um segmento da populagdo ndo-
clinica (os "respondedores"), mas exacerba a fadiga induzida pela contracdo para outros
(os “ndo-respondedores”). A longo prazo, nao foram identificadas diferencas entre
CONVEeenm e PLeenm para adaptacdes de forga muscular e fadiga em populagdes clinicas
e ndo-clinicas. A qualidade metodoldgica, no entanto, foi muito baixa e futuros ensaios
clinicos randomizados bem planejados devem ser realizados para estabelecer os
parametros de EENM ideais para reduzir a fadiga induzida pela contracdo, aumentar a

forca muscular e reduzir o desconforto percebido em participantes clinicos e ndo-clinicos.

Palavras-chave: Estimulacdo Elétrica, Fadiga, Forca Muscular, Torque, Desconforto

Percebido.



ABSTRACT

Background: Neuromuscular electrical stimulation (NMES) can be delivered in a
conventional form (CONVnwmes) and using relatively wide-pulses and high-frequencies
(WPHFnmes). WPHFnves was developed to reduce contraction fatigue and improve
outcomes of NMES-based programs, however, there are no systematic reviews to assess
its’ efficacy and help guide the selection of stimulus parameters during NMES.
Objectives: Compare the effects of CONVnwmes versus WPHFnmes on contraction fatigue,
strength adaptations, and perceived discomfort in clinical and non-clinical populations.
Methods: Data sources included Pubmed, Embase, MEDLINE, Web of Science,
SciELO, EBSCO, LILACS, PEDro, Cochrane Library, and EMBASE. Two independent
reviewers selected studies and extracted information. Studies were selected if they
compared CONVnwes With WPHFnmes with contraction fatigue, strength adaptations or
perceived discomfort as outcomes. Study quality was assessed using the PEDro scale, and
overall quality was assessed using the Grading of Recommendations, Assessment,
Development, and Evaluation criteria.

Results: Eight studies (n=171 participants) were included. In short- and long-term
studies, when averaged across all non-clinical participants, there was either no difference
between CONVnmes and WPHFnmes for all outcomes or WPHFnmes produced more
fatigue. In a subset of non-clinical participants (“responders”), however, WPHFnmEs
reduced contraction fatigue during a single session. Long-term studies found no
differences between protocols for fatigue or strength adaptations. Methodological quality
of the selected studies was very low.

Conclusion: WPHFnmes reduces contraction fatigue only in the short-term and in non-
clinical responder participants and may exacerbate fatigue in non-responders. New
clinical studies with good methodological quality may affect the results presented in this

review.

Key-words: Electric Stimulation, Fatigue, Muscle Strength, Torque, Perception
Discomfort.



LIST OF TABLES
Table 1. Key characteristics of the included studies.
Table 2. Summary of NMES parameters of the included studies.

Table 3. Methodological quality of included studies (PEDro scale).



LIST OF FIGURES

Figure 1 — PRISMA flow diagram showing the results of the searches.



LIST OF ABBREVIATIONS

CNS: Central nervous system

CONV: Conventional

CP: Cerebral palsy

FTI: Force time integral

MFIS: Modified fatigue impact scale
MS: Multiple sclerosis

MVC: Maximal voluntary contraction
NMES: Neuromuscular electrical stimulation
RCT: Randomized controlled trial
VAS: Visual analog scale

VOL.: Voluntary exercise

WPHF: Wide-pulse high-frequency



SUMMARY

INTRODUCGTION ...ttt et e st e et e e st e e e snb e e e nsaeeennees 16
OBUJIECTIVES ...ttt sttt ettt sttt neabe bt eneaneneas 17
HYPOTHESIS ...ttt ettt ne st 17
IMETHODS ...ttt ettt e sttt e et et ene b nnens 18
Criteria for considering studies for this FeVIEW ...........ccccevveieiieiieeie e 18
TYPES OF STUAIES. ... 18
TYPES OF PAIICIPANTS .....eeveeeeeeeete e 18
TYPES OF INTEIVENTIONS ...ttt 18
TYPES OF QULCOME MEASUIES ...ttt sttt sb e 18
PriMary OULCOMES .......ocveiiieiiiieiie sttt s te e st te e s te e reenbe st e snaeneenee e 18
SECONAANY OULCOMES ... ..cviiieeieciee ittt sttt st e s te e e e te e e sreenas 19
Search methods for identification Of STUAIES..........ccvvvriiiiiiiiice 19
EIECIIONIC SEAICNES ..ottt 19
Searching OtNEr FESOUITES .........ciuiiieieie ittt 19
Data COllection and @NaIYSIS .......ccoiiiiiiriiieiece e 19
SelECtION OF STUAIES. .. ecvei et ns 19
Data extraction and Management ............ccoeieiiririeiene e 20
QUALTLY BSSESSIMENT .......eeveiieeie ettt e e re e ste e beeste e e e sreeeas 20
Data analysis and SYNtNESIS..........c.cciiiiiiiie e 20
QUALTILY OF BVIUBNCE ...t 20
RESULT S ettt ettt se et et et et e bt te et et e neebe e 21
DeSCription OF STUAIES .....ccveiiiiic et 21
RESUILS OF the SEAICN........ccuieiiiiece e 21

o] 100 o I (Lo TS 21
SBEEING bbbt b nre et 21
DeSign Of the STUAIES .......ooviiiiiiiicieiee e 21

e o] o= ] PSPPI 22
INEEIVENTIONS ...ttt bttt et sne e e 22
OULCOMIES ...ttt ettt ekttt b e s bt e e bt e ebn e et e e s be e et e e nnneenes 23
EXCIUAEA STUAIES ...t 23
QUANITY BSSESSIMEBNT. ...ttt bbbttt b et b e 24
EffeCts Of INTEIVENTIONS .......ociiiieece e sae e 24

PIIMAIY OULCOIMES ...ttt bbbttt bbb 24



SNOFE-TEIM STUGIES ..ottt e e e e e e e e e e e e e e e anaan 25

LONG-TEIM STUAIES .....cvviceeeieee et sre e ene e 26
SECONUANY OULCOME .....veeuieieie ettt e e e besneesteenesreenraene s 26
Perceived diSCOMIONT.........ciiiiiieieie e 26
DISCUSSION.....cutitieieite ettt e et e sbesteaseebeeseeseesaesestesresrasseareas 26
SEUAY HMITATIONS ... e esreene s 29
(070] 004 (1] [0 LSOO PSR UR 29
REFERENGCES ...t e e e e e saae e e nnae e e snneeans 30
APPENDICES ...t 35
AppendiX | — SuUbMISSION ProOT........ccooiviiiieceee e 35
Appendix Il - Author Guidelines for SUDMISSION ..........ccccovveiieieiii i, 36
Appendix I11 - Registration of the systematic review protocol...............cccccevveviernnnen. 52

Appendix IV - Manuscript SUDMITTEd ...........cooveiiiieieee e 53



16

INTRODUCTION

Neuromuscular electrical stimulation (NMES) is used to generate contractions
to restore function and improve muscle strength and endurance (1-4). During NMES,
pulses of electrical current are delivered through electrodes on the skin over a muscle
belly or a nerve trunk. NMES activates motor and/or sensory axons, generating
contractions through peripheral and/or central pathways, respectively (5). Conventional
NMES (CONVnwes) involves relatively brief pulses of current (~0.1-0.5ms) delivered at
low frequencies (~20-50Hz) (6-10), typically through electrodes over a muscle belly, and
this produces contractions by stimulating motor axons, thus through “peripheral
pathways” (11-20). Generating contractions through peripheral pathways recruits motor
units in an unphysiological, random, order with respect to type and at unphysiologically-
high rates (21). Accordingly, CONVnwes results in significantly more contraction fatigue,
defined as a decline in torque over time, than voluntary exercise (10,22,23). NMES can
also be delivered using longer duration current pulses (i.e. wide pulse widths) and higher
frequencies (WPHFnmes: 1ms of pulse widths, frequency ~100Hz). WPHFnmes was
developed to reduce contraction fatigue and improve outcomes of NMES-based programs
by generating contractions through “central pathways”, thus in a more physiologically-
relevant manner than CONVnwmes. Whether contraction fatigue is reduced or NMES
outcomes are improved when using WPHFnwes, however, is presently unclear.

WPHFnmes generates contractions through central pathways because a larger
sensory input is sent to the central nervous system (CNS) during WPHFnmes than
CONVnmes. Wider pulse widths during WPHFnmes activate more sensory axons relative
to motor axons because sensory axons have a longer strength-duration time constant than
motor axons, thus longer pulses are required to bring sensory axons to threshold than
motor axons (9,24-26). Also, higher pulse frequencies during WPHFnmes send more
impulses to the CNS per unit time than during CONVnwmes, further increasing sensory
input to the CNS. In some participants, described as “responders”, the combination of
wider pulses and higher frequencies produce contractions that gradually increase over
time. The increase in force has been called "extra force™ (27) and has been attributed to
the recruitment of spinal motor neurons via central pathways (26-28). Extra force does
not develop when the nerve is blocked with anesthetic between the stimulation site and
the muscle (27) and thus is related to central mechanisms such as post-tetanic potentiation

of neurotransmitter release at the la synapse, summation of subthreshold excitatory
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postsynaptic potentials and/or activation of persistent inward currents in motor neurons
(27,29,30). Regardless, generating contractions via central pathways recruits motor units
in their physiological order, with fatigue-resistant units first, and some that discharge
asynchronously from one and other at physiologically low rates (21,31). While these ideas
about motor unit recruitment during NMES provided the rationale for developing
WPHFnwmes (9,25,26), the short-term effects on contraction fatigue, and long-term effects
on strength adaptations, of WPHFnmes remain to be confirmed. Further, perceived
discomfort limits NMES sessions by restricting high muscle force levels or increasing
contraction fatigue (32,33).

To date, there is no systematic review that compares CONVnmes and WPHFnmes
to guide clinical practice regarding NMES. This review, therefore, was developed to
summarize the research comparing CONVnmes and WPHFnwmes, following the Cochrane
collaboration (34) recommendations, to assess the effects of these interventions on
outcomes important for NMES-based programs. Specifically, we compared the effects of
CONVnmes and WPHFnves on contraction fatigue, strength adaptations and perceived
discomfort in individuals with neurological or musculoskeletal injury and in non-clinical
participants. The findings will help health care practitioners better understand the effects
of NMES on the neuromuscular system and will contribute to an evidence-base upon
which to develop NMES strategies.

OBJECTIVES

The objective of this systematic review is to compare the effects of two types of
NMES, CONVnwves and WPHFnmes, on contraction fatigue, strength adaptations and
perceived discomfort in clinical and non-clinical populations.

HYPOTHESIS
Our primary hypothesis was that contraction fatigue would be lower and there
would be greater strength in WPHFnmes. We also hypothesized that CONVnmes would

add lower discomfort during the NMES session.
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METHODS

The protocol of this systematic review has been registered on the International
Prospective Register of Systematic Reviews - PROSPERO (registration number:
CRD42020153907, accessed at https://www.crd.york.ac.uk/PROSPERO/) (Appendix
).

Criteria for considering studies for this review

Types of studies
We included only published randomized controlled trials (RCTs) and cross-over

trials.

Types of participants
Trials involving participants with neurological and/or musculoskeletal disorders

or non-clinical participants (= 18 years of age) were included.

Types of interventions

Studies were included that compared one or more of our 3 outcome measures
between CONVnmes and WPHFnmes. Stimulus waveforms were either biphasic or
monophasic and applied over a muscle belly or nerve trunk. As the objective was to
compare between two types of NMES, we did not assess passive comparators such as

placebo or sham therapy or an active comparator, such as another intervention.

Types of outcome measures

Primary outcomes

A primary outcome was contraction fatigue, quantified either as a decline in
torque over repeated NMES-evoked contractions during a single session, a decrease in
the ability to generate torque during maximal voluntary contractions (MVCs) performed
before and after a single NMES session or through self-reports. Strength adaptations,
defined as a change in torque produced during MVCs performed before and after an
NMES training program, was also a primary outcome.


https://www.crd.york.ac.uk/PROSPERO/
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Secondary outcomes
The secondary outcome was perceived discomfort as assessed using the visual
analogue scale (VAS).

Search methods for identification of studies
The titles, abstracts, and full texts of potentially relevant papers were screened
without restrictions on language and date of publication.

Electronic searches

We searched nine electronic databases: PUBMED, MEDLINE, Web of Science
(all databases), SCIELO, EBSCO (Academic Search Premier, CINAHL, SPORTDicus),
LILACS, PEDro, Cochrane and EMBASE, from April 2020 to August 2020.

The search strategy was established following the PICO strategy for patients
with history of neurological or musculoskeletal injury and non-clinical population
submitted to CONVnwmes and WPHFnves on contraction fatigue, strength adaptations and
perceived discomfort outcomes. Descriptors used in our search strategy, without
restrictions on language and date of publication, were "neurological injuries"”,
"musculoskeletal injuries”, "healthy individuals", "neuromuscular electrical stimulation™,
"wide pulse high frequency”, "muscle force", "contraction fatigue” and "perceived

discomfort". The searches were adapted for each database to identify all relevant articles.

Searching other resources
We searched reference lists of the relevant studies, but no extra searches were

done in gray literature or for studies non-published.

Data collection and analysis

Selection of studies

Two authors independently screened titles and abstracts retrieved by the search
strategy for eligibility and assessed whether each fulfilled the inclusion criteria. If
necessary, a more in-depth search through the full-text was conducted. Both authors
approved the inclusion of the studies in the review without discrepancy regarding

eligibility, however, a third author would have arbitrated in the case of discrepancy.
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Data extraction and management

Two authors independently extracted the following information from the selected
articles: participant characteristics (total number, age, gender, inclusion and exclusion
criteria); description of the interventions (NMES characteristics); tools used to assess

outcomes and results. We planned to contact authors of studies in cases of missing data.

Quality assessment

Study quality was assessed using the PEDro scale, which includes 11 items: 1)
eligibility criteria (not used to calculate score); 2) random allocation; 3) concealed
allocation; 4) baseline comparability; 5) blinded subjects; 6) blinded therapists; 7) blinded
assessors; 8) adequate follow-up; 9) intention-to-treat analysis; 10) between-group
statistical comparisons; 11) point estimate and variability. Each item was marked as "yes
(1/0)" or "no (0/0)" and provided a 0 to 10 scale (35). Scores were either extracted from
the PEDro database or, for studies not in PEDro, were rated by two reviewers
independently.

Data analysis and synthesis

We planned to assess the statistical heterogeneity of data with an |2 test as we
expected low (12 value up to 25%) or moderate (12 value up to 50%) heterogeneity.
However, we were unable to combine outcome measures, due to differences in how
outcomes were collected and the inclusion of studies with different stimulation
parameters and different outcome measures, so data are described qualitatively.

Data synthesis for this review combined data from RCTs and cross-over trials.
Cross-over trials were included, without knowing whether the first intervention's effects,
defined by each study's randomization, interfere with those of the second. Two studies
subdivided the participants into two subgroups, responders and non-responders to
WPHFnwmes (7,9); however, the references were not duplicated due to the subdivision, due
to the small sample sizes. Thus, these studies were analyzed considering the subgroups,

but still as a single reference.

Quiality of evidence
The overall quality of evidence was assessed according to the Grading of

Recommendations, Assessment, Development, and Evaluation (GRADE). GRADE has
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five domains: 1) Study design and risk of bias; 2) Inconsistency; 3) Indirectness; 4)
Imprecision and 5) Other factors (e.g., reporting bias, publication bias). The quality of the
evidence was classified as follows. High quality of evidence: consistent results in at least
75% of the clinical trials of good methodological quality, presenting consistent, direct,
and precise data with no suspicious or known publication bias, and further research is
unlikely to alter the estimate or the confidence in the results. Moderate quality of
evidence: at least one domain is not met, and new research is likely to have a significant
impact on the confidence in the effect estimate. Low-quality evidence: two of the domains
are not met, and further research is likely to have a significant impact on the confidence
in the effect estimate and is likely to alter the estimate. Very low-quality evidence: three
domains are not met, the results will be highly uncertain (36).

RESULTS
Description of studies
Results of the search

The search retrieved 5407 records. After removing duplicate articles and
following screening and eligibility procedures described by PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (34); and outlined in
Appendix IV (Figure 1), eight articles were included. (6-10,37-39).

Included studies

All of the characteristics of the studies are presented in Appendix IV (Table 1).

Setting
All studies were multicenter trials, carried out in three different countries:
Switzerland (6,8), France (7,9,10,39), and the United States (37,38) between 2014-2018.

Design of the studies
The included studies were short-term (i.e. single session) (6-10,39) or long-term

(i.e. multi-session “training” studies) (37,38) designs.
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Participants

Included studies evaluated a total of 171 participants, including 27 participants
with multiple sclerosis (MS) (38) and 144 non-clinical participants (6-10,37,39), with a
mean age ranging from 26 (39) to 73.5 (37).

Interventions
The summary of all parameters used in interventions is presented in Appendix
IV (Table 2).

The included trials used WPFHnwmes with the following parameters.
e Frequency: Seven trials used a 100Hz frequency (6-9,37-39), and one trial used
80Hz (10).
e Pulse Width: All studies used 1ms pulse width (6-10,37-39).

The included trials used CONVnwmes With the following parameters.
e Frequency: Two trials used 50Hz of frequency (37,38), five trials used a 25Hz
frequency (6-9,39), and one trial used 20Hz (10).
e Pulse Width: Six studies used 50us pulse width (6-10,39) and two used 26ps
(37,38).

For both WPHFnmes and CONVnwes, the trials used the following parameters.

e Electrode size: Two studies used a (50cm?) electrodes (6,8), three of them used a
(65cm?) and (45cm?) (7,9,39), only one study used (130cm?) electrodes, other trial
used (7cm?) or (10cm?) (38), one used (6¢cm?) (37) and another one with 1cm
diameter (10).

e TON (stimulus duration) and TOFF (rest duration): one study performed 6
seconds of TON and TOFF (10), four trials performed 20 seconds of TON, and
different durations of TOFF, 20 seconds (7,39), 40 seconds (8), and 90 seconds
(9). Two trials realized 4-second TON and 12-second TOFF (37,38) and one study
used 10 seconds of TON and 300 or 600 seconds of TOFF (6).

e The number of contractions: One trial performed one contraction (6), while two
others performed 5 (9) and 40 (10), three of the studies did the same amount, 20
(7,8,39); one trial performed 38 (38) and the last one, 75 (37).
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e Electrode placement: Only one study positioned the electrodes on the tibial nerve
(10), while the other six placed them on the triceps surae muscle belly (6-9,37,39)
and only one at dorsi and plantar flexor muscles (38).

e Stimulation intensity: One trial performed stimulation about 5% of MVC (9), four
performed about 10% (6-8,39), and one about 20% (10). The other performed
10% of MV C for dorsiflexors and 20% of MV C for plantar flexors (38). And one

study performed de maximum tolerated intensity (37).

Three studies had a third comparator group: voluntary exercise (VOL) (6,7,39).
The results for studies with this comparator, in addition to the WPHFnwves and
CONVnwmes, were: mean force and FTI were also similar in the three conditions (6,39);
one study just showed the comparable relationship of metabolic demand for contractions
evoked by WPHF with VOL contractions (7). Although these were not considered

according to the inclusion criteria.

Outcomes
The studies reported the following outcomes:
e Contraction Fatigue: Six short-term studies (6-10,39) and one long-term study
(38).
e Strength adaptations: Two long-term studies (37,38).
e Perceived Discomfort: One short-term study (8).

None of the included studies reported any adverse events.

Excluded studies

Trials were excluded at the full-text stage if they did not match the inclusion
criteria or matched specific exclusion criteria (Figure 1). Reasons for exclusion were as
follows: four studies did not compare the use of CONVnmes versus WPHFnves (40-43)
and one study did not assess de included outcomes. Clair-Auger and colleagues (2012)
compared low (20 Hz) and high (100 Hz) frequencies, but with the same pulse width (1
ms) or non-constant frequencies (20-100-20 Hz) with different pulse widths (0.1 ms and
1 ms) (40). Gregory and colleagues (2007) combined eight different frequencies (from 10
to 100 Hz) with seven different pulse widths (from 0.1 to 0.7 ms) (41). Jadidi and
colleagues (2009) used three stimulus durations (1 ms single square-wave pulse, 10 and
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450 ms square wave pulse train) and two stimulus intensities adjusted to perceived
intensity (42). Laborde and colleagues (2004) compared two different frequencies (20 Hz
and 80 Hz) in individuals after anterior cruciate ligament surgery (43). Neyroud and
colleagues (2016) analyzed the variation in force during a single contraction, which

characterizes an analysis of extra force, not contraction fatigue (44).

Quality assessment

The methodological quality of the included studies is described in Appendix IV
(Table 3). Two studies (37,38) were indexed in PEDro, and their scores were extracted
from the database. The other studies (6-10,39) were rated by the reviewers. PEDro total
scores ranged from 4 to 7 and had an average score of 5, on a scale from 0 to 10.

Effects of interventions

We could not pool the included studies data in meta-analysis due to
heterogeneity between comparisons and outcomes reported. Therefore, we described the
results of the studies in a descriptive form. According to GRADE, for contraction fatigue
and strength adaptations outcomes, the overall quality of the evidence was the same, rated
as very low quality evidence, downgraded by (a) risk of bias: for contraction fatigue, two
studies did not performed random allocation and only one of the included studies reported
a double-blind blinded procedure, for strength adaptations, the studies did not described
the type of randomization and one study reported a blinded procedure of participants and
the two studies reported a blinded procedure of investigators responsible for analyzing
the data; (b) inconsistency, because the included studies presented substantial
methodological differences and also showed different directions of results, with positive
effects for one group or another, depending on the trial, so, the effects between studies
were inconsistent; (c) indirectness, because the outcomes could be considered as
surrogate outcomes for the most trials, and for contraction fatigue outcome, only one
study did not present acute results; (d) imprecision, just because the comparisons are

under optimal information size.

Primary outcomes
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Short-term studies

Contraction fatigue during NMES

All six short-term studies (6-10,39) compared CONVnmes versus WPHFnmes
for contraction fatigue which was assessed using three outcome measures.

Five short-term studies (6—10) assessed contraction fatigue by calculating the
total force time integral (FTI; area under the force trace) over repeated contractions of a
fatigue protocol in non-clinical participants. In two studies (6,10) FTI was not different
between CONVnmes and WPHFnves. Another study (8) reported a lower FTI during
WPHFnmes than CONVnmes of the triceps surae muscles, consistent with greater
contraction fatigue using WPHFnmes. In two additional studies participants were divided
into “responders” and “non-responders” to WPHFnmes. Responders were those in whom
torque increased during a contraction, consistent with a contribution via reflex pathways.
In non-responders torque remain flat, consistent with contractions produced by
stimulation of motor axons alone. WPHFnwes produced a greater FT1 than CONVwmes in
responders, although FTI was not different between the two types of NMES in non-
responders (9), or non-responders showed lower FTI for WPHFnmes (7).

Four short-term studies assessed contraction fatigue by calculating mean force
over all contractions of a fatigue protocol in non-clinical populations (7,8,10,39). In two
studies (10,39), mean force was not significantly different between NMES types. In one
study that classified participants into responders and non-responders (7), mean force was
greater during WPHFnmes than CONVnmes in responders with no difference between
protocols for non-responders, similar to the result in the same study for FT1 and consistent
with the idea that WPHFnmes reduces contraction fatigue but only in responders.

Overall, when assessed across all participants most studies (6,10,39) showed no
differences in contraction fatigue between CONVnwmes and WPHFnwves, although one
showed greater fatigue during WPHFnmes (8). Of note, WPHFnmes produced less fatigue
than CONVnwmes in responders, while in non-responders there were no differences in

fatigue between protocols (9) or WPHFnmes produced greater fatigue (7).

MVC

In two short-term studies (8,10) with non-clinical participants torque produced
during plantarflexion MVCs was assessed before and after a single NMES session and
the amount that MV Cs decreased was not different after CONVnmes or WPHFnmes.
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Long-term studies

Contraction fatigue during NMES

One long-term (six week) study (38) compared contraction fatigue between
CONVnwmes and WPHFnwes in people with MS. Fatigue was self-reported using the
Modified Fatigue Impact Scale (MFIS) questionnaire and, although scores declined over

time with both protocols, scores were not different between CONVnmves and WPHFNMEs.

Strength adaptations

Two long-term studies (37,38) compared strength adaptations between
CONVnmes and WPHFnwves, by assessing how much force produced during MVCs
increased after repeated NMES sessions. The quality of evidence for these studies was
very low and was downgraded by the risk of bias, inconsistency, indirectness, and
imprecision. Mani and colleagues (37) assessed MVCs around multiple joints in non-
injured older adults after six weeks of CONVnmes or WPHFnmes over the ankle plantar
flexors. Although there was a significant increase in plantar flexor MVC, the increase
was not different between CONVnwmes and WPHFnves. Almuklass and colleagues (38)
evaluated MVCs before and after 6-weeks of WPHFnmes or CONVnwes over the ankle
dorsiflexors and plantar flexors in participants with MS (38) and they also found a
significant increase in strength of the stimulated muscles post-NMES that was not

different between NMES protocols.

Secondary outcome

Perceived discomfort

One short-term study (8) with a non-clinical population assessed perceived
discomfort using a visual analog scale score (VAS) and found no difference between
CONVnwmes and WPHFNmES.

DISCUSSION
This is the first systematic review to summarize research comparing CONVnmes
and WPHFnmves on outcomes relevant for NMES-based programs, specifically,

contraction fatigue, strength adaptations and perceived discomfort. The findings
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contribute to an evidence-base for physical therapy practice related to NMES and have
broader implications for designing and developing rehabilitative technologies. In general,
we found no differences between CONVnmes and WPHFnwes for fatigue and discomfort
in both short- and long-term studies in non-clinical populations and for strength
adaptations and fatigue in patients with MS in a long-term design, thus we propose that
physical therapists would achieve similar outcomes using CONVnwmes or WPHFnwmes.
WPHFnmes did reduce contraction fatigability, however, in a subset of non-clinical
participants, the “responders”, in whom WPHFnmes generates contractions in part through
central or reflex pathways. Nonetheless, according to the GRADE recommendations (36),
the quality of evidence was very low for contraction fatigue and strength adaptations, thus
new findings may alter the conclusions presented in this review and the present findings
should be interpreted cautiously.

Contraction fatigue was assessed using a range of outcomes measures in six
short-term and one long-term study. Contraction fatigue, assessed as the total mean force
during a single NMES session, was not different between CONVnmes and WPHFnwmes in
four short-term studies with non-clinical participants (7,8,10,39). Similarly, Martin and
colleagues (10) found no difference between CONVnmes and WPHFnmes when fatigue
was assessed as the total FTI in non-clinical participants and Almuklass and colleagues
(38) reported no difference in fatigue between protocols when assessed over a long-term
study using a MFIS questionnaire. Although fatigue was not different between protocols
in the study of Martin et al. (10), the mechanisms responsible for fatigue were different,
as during WPHFnmes a decline in the number of active motor units was the main
mechanism and intramuscular processes predominated during CONVnmes (10). This
progressive decline in number of active motor units during WPHFnmes is consistent the
progressive decrease in the excitability of motor axons under the stimulating electrodes
that develops when using high NMES frequencies (45). Indeed, Neyroud and colleagues
found a lower FTI during WPHFnmes than CONVNmMEs, suggesting more contraction
fatigue during WPHFnwmes, which the authors attributed to the higher frequencies during
WPHFnmes and resulting higher metabolic cost (8). Thus, when using WPHFnmes to
reduce contraction fatigue with there is a trade-off between the high NMES frequencies
(>80 Hz) required to maximize central recruitment (46) and minimize contraction fatigue,
and the low NMES frequencies (~20 Hz) that minimize fatigue that arises from decreased
motor axon excitability (45) and increased metabolic demand (10). It may be that the

optimal parameters for delivering NMES to reduce contraction fatigue are yet to be



28

identified. Interestingly, in the study of Neyroud (8) although the decline in FTI1 during
the stimulation depended on NMES protocol, the decline in MV C torque after the NMES
sessions did not, which may be due to the small amplitude of the NMES-evoked
contractions (10% MVC) which would have fatigued only a small portion of motor units
recruited during the “test” MVCs (8). Accordingly, contraction fatigue may be
underestimated when quantified by MVC force loss and the FT1 or mean force recorded
during NMES sessions is a more sensitive index of contraction fatigue during NMES.

In two short-term studies (7,9) fatigue was evaluated after dividing participants
into those who “responded” during WPHFnwmes and those who did not. Responders were
participants in whom contractions developed in part via central pathways, producing
“extra force” thought to be beneficial for reducing contraction fatigue by preferentially
recruiting fatigue-resistant motor units (7,9,47). Both studies (7,9) that made this
distinction found that WPHFnmes reduced contraction fatigue compared to CONVNMEs
only in responders, regardless of how fatigue was quantified. In non-responders, fatigue
during WPHFnwmes was either not different than during CONVnmes When assessed as the
mean force (7) or the FTI (9) and in one study fatigue was greater during WPHFnwmEes
when assessed as the FTI (7). Therefore, it appears responders represent a subset of the
non-clinical population in whom WPHFnmes reduces contraction fatigue by recruiting
fatigue-resistant motor units via central pathways. The different fatigue assessment
methods, different NMES session durations and rest times between protocols (Table 1 for
further details) may account for much of the variability in the results for this outcome
measure.

Strength adaptations were assessed after six weeks of either CONVnmes or
WPHFnmes in two long-term studies (37,38). In these studies, NMES was applied three
times a week over the ankle dorsiflexor and plantar flexor muscles in participants with
MS (38) or over the plantar flexors in non-injured older adults (37). In both studies there
were no differences between CONVnwmes or WPHFnmes for gait speed, walking
endurance or strength adaptations post-NMES. Strength adaptations were assessed by
comparing MVCs performed before and after the six weeks of both NMES-types (37,38).
Further long-term studies are needed to establish, and optimize, strength adaptations
induced using different NMES protocols that incorporate assessment tools with greater
sensitivity than MVC.

Perceived discomfort was assessed in one short-term study (8) in which VAS

scores were not different between CONVnmes and WPHFymes. CONVMes, however,
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required more current than WPHFnwes to obtain the same initial contraction amplitude,
thus one might have expected CONVnmes to induce more discomfort. The lack of a
difference in discomfort between protocols may be associated with the low contraction
amplitude (10% MVC) (48) and lack of discriminative capability of the VAS measure
(32). This low initial contraction amplitude was chosen to minimize antidromic block to
allow maximal central recruitment (26,46). Further studies are needed to compare the
effects of WPHFnwmes versus CONVmes on perceived discomfort.

Study limitations

We conducted a comprehensive literature search across multiple databases,
however, this search yielded studies predominantly in English-language journals and may
not have captured studies in non-English journals and regional databases. Also, the
variability between evaluations and clinical heterogeneity between studies precluded us
from performing meta-analyses, limiting this review to descriptive rather than
quantitative comparisons. Multiple outcome measures were also a limitation as they made
even descriptive comparisons between studies difficult.

The quality of the included studies was very low and ranged from 4 to 7 points on
the PEDro scale. As none of the selected studies utilized a triple-blinding methodology
(subject, therapist, and assessor) and non-blinded studies often have larger effect sizes,
smaller p-values, and higher frequency of significant results (49), rigorous studies with
blinded evaluations should be conducted in this field to increase methodological quality.
The lack of quality studies in this area markedly limited the ability to differentiate
between CONVnwmes and WPHFnmes regarding contraction fatigue, strength adaptations

and discomfort.

Conclusions

The results of both short- and long-term studies suggest that in general, across a
group of non-clinical participants, there is no difference between CONVnmes and
WPHFnmes for contraction fatigue, strength adaptations or perceived discomfort. There
Is evidence, however, that a single session WPHFnmes may reduce contraction fatigue,
compared to CONVnwmes, for a segment of the non-clinical population (the “responders™)
but exacerbate contraction fatigue for others (the “non-responders”). In the long-term, no
differences were identified between CONVnmes and WPHFnmes for muscle strength

adaptations and fatigue in clinical and non-clinical populations. The methodological
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quality, however, was very low and future well-designed RCTs should be conducted to
establish the optimal NMES parameters to reduce contraction fatigue, increase muscle
strength, and reduce perceived discomfort in clinical and non-clinical participants.
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: Meuromuscular electrical stimulation (MMES) can be delvered in 3
conventienal form (CONVMMES) and using relatively wide-pulses and high-
frequencies (WPHFNMES). WPHFNMES was developed to reduce contraction fatigue
and improve outcomes of NMES-based programs, however, there are no systematic
reviews 1o assess s’ efficacy and help guide the selection of stimulus parameters
during NMES.

Objectives: Compare the effects of CONVNMES versus WPHFNMES on contraction
fatigue, strength adaptations, and perceived discomfort in clinical and non-dinical
populations.

Methods: Data sownces induded Pubmed, Embase, MEDLIME, Web of Scence,
SciELD, EBSCO, LILACS, PEDm, Cochrane Library, and EMBASE. Two independent
reviewers selected swdies and exiracted information. Studies were selected if they
compared COMVNMES with WPHFNMES wsth contraction fatigue, strength
adaptations or perceived discomfort as outcomes. Study quality was assessed using
the PEDmo scale, and owverall quality was assessed using the Grading of
Recommendations, Assessment, Development, and Evaluation critena.

Results: Eight studies (n=171 participants} were included. In short- and long-term
studies, when averaged across all non-clinical participants, there was either no
difference between CONVNMES and WPHFNMES for all outcomes or WPHFNMES
produced more fatigue. In a subset of non-clinical paricipants (responders"), however,
WPHFNMES reduced contraction fatigue during a single session. Long-term studies
found no differences between protoools for fatigue or srength adaptations.
Methodological quality of the selected studies was very low.

Conclusion: WPHFNMES reduces contraction fatigue enly in the short-term and innon-
clinical responder participants and may exacerbate fatigue in non-responders. New
clinical studies with good methodological quality may affect the results presented in this
review.
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Appendix Il - Author Guidelines for submission

INTRODUCTION

Types of article

The Brazilian Journal of Physical Therapy (BJPT) publishes original research articles,
reviews, and brief communications on topics 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 BJPTs scope. The World Health
Organization defines a clinical trial as any research study that prospectively allocates
human participants or groups of humans to one or more health-related interventions to
evaluate the effect(s) on health outcome(s). Clinical trials include single-case
experimental studies, case series, nonrandomized 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 (ICMJE), e.g.
http://clinicaltrials.gov/ and/or http://www.anzctr.org.au. The complete list of all clinical
trial registries can be found at: http://www.who.int/ictrp/network/primary/en/index.html.
We suggest that all authors register clinical trials prospectively via the website
http://www.clinicaltrials.gov.

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

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

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

d) Systematic reviews: studies that analyze and/or synthesize the literature on a topic
related to the scope of the BJPT. 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 quality in the Methods 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) checklist to format their systematic reviews. The checklist is
available at http://www.prisma-statement.org/PRISMAStatement/Default.aspx and must
be filled in and submitted with the manuscript. Potential authors are encouraged to read
the following tutorial, 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 J 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 checklist (Appendix) to format this type of paper
and adhere to the other recommendations of the BJPT. 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 evaluation 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 BJPT instructions.
Important: Studies that report electromyographic results must follow the Standards for
Reporting EMG Data recommended by ISEK (International Society of Electrophysiology
and Kinesiology), available at http://www.isek.org/wp-
content/uploads/2015/05/Standards-for-Reporting-EMG-Data.pdf.

g) Clinical trial protocols: The BJPT welcomes the publication of clinical trial protocols.
We only accept trial protocols that are substantially funded, have ethics approval, have
been prospectively registered and of very high quality. We expect that clinical trial
protocols must be novel and with a large sample size. Finally, authors have to provide
that the clinical trial is on its first stages of recruitment. Authors should use the SPIRIT
statement while formatting the manuscript (http://www.spirit-statement.org).

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.

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

Submission checklist

You can use this list to carry out a final check of your submission before you send it to
the journal for review. Please 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 (include 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 authors 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

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,
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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, EU 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. Examples of
potential competing interests include employment, consultancies, stock ownership,
honoraria, paid expert testimony, patent applications/registrations, and grants or other
funding. Authors must disclose 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: 'Declarations 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.

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 language 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 inclusive language throughout. Authors should ensure
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that writing is free from bias, for instance by using 'he or she’, 'his/her' instead of 'he’ or
'his', and by making use of 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

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: (a) the reason for the change in author list and (b)
written confirmation (e-mail, letter) from all 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 already been published in an online
issue, any requests approved by the Editor will result in a corrigendum.

Clinical trial results

In line with the position of the International 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, divulging results in
other circumstances (e.g., investors' meetings) is discouraged and may jeopardise
consideration of the manuscript. Authors should fully disclose 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, enrollment, randomization, withdrawal and completion, and a detailed
description of the randomization procedure. The CONSORT checklist and template flow
diagram are available online.

Registration of clinical trials

Registration in a public trials registry is a condition for publication of clinical 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
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clinical trial registration number should be included at the end of the abstract of the article.
A clinical 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-related 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 outcomes include any biomedical or health-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 a 'Journal Publishing
Agreement' (see more information on this) to assign to the Associacdo Brasileira de
Pesquisa e Ps-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 a '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 article.

Author rights

As an author you (or your employer or institution) have certain rights to reuse your work.
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 article for publication. If the funding
source(s) had no such involvement then this should be stated.

Elsevier 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
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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)

Please 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 WebShop.

Informed consent and patient details

Studies on patients or volunteers require 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 personal
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, please 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
article 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 e-mail.

Submit your article

Please submit your article via https://www.evise.com/profile/api/navigate/BJPT.

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 details): The main body of the paper (including 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
particular, 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 a grid for
each row. If no grid is used, use tabs, not spaces, to align columns. The electronic text
should be prepared in a way very similar to that of conventional manuscripts (see also the
Guide to Publishing with Elsevier). 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 'spell-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 a brief heading.
Each heading should appear on its own separate line. Subsections should be used as much
as possible when crossreferencing 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 results.

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 a short Conclusions section, which
may stand alone or form a subsection of a Discussion or Results and Discussion section.

Appendices
If there is more than one appendix, they should be identified as A, B, etc. Formulae and
equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.;
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in a subsequent appendix, Eq. (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 lowercase 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
article 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.

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 alone. For this reason,
References should be avoided, but if essential, then cite the author(s) and year(s). Also,
non-standard or uncommon abbreviations should be avoided, but if essential they must
be defined at their first mention in the abstract itself.

Highlights

Highlights are mandatory for this journal. They consist of a short collection of bullet
points that convey the core findings of the article and should be submitted in a separate
editable file in the online submission system. Please use 'Highlights' in the file name and
include 3 to 5 bullet points (maximum 85 characters, including spaces, per bullet point).
You can view example Highlights on our information site.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American
spelling and avoiding general and plural 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.
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Acknowledgements

Collate 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 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 aaaa]. 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 SI.

Math formulae

Please 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
equations 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
themselves separately at the end of the article. Do not include footnotes in the Reference
list.

Artwork

Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity,
manipulation for purposes of deception or fraud will be seen as scientific ethical abuse
and will be dealt 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



46

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 disclosed
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 logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Size the illustrations close to the desired dimensions of the published version.

* Submit each illustration as a separate file.

A detailed 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.

Regardless 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 requirements 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 to a minimum of 300
dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a
minimum of 1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a
minimum of

500 dpi.

Please do not:

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

* Supply files that are too 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
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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.

[llustration services

Elsevier's WebShop offers Illustration Services to authors preparing to submit a
manuscript but concerned about the quality of the images accompanying their article.
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.

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 article. Please avoid using
vertical rules and shading in table cells.
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Citation in text

Please ensure that every reference cited in the text is also 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 journal and should include a 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.
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Increased discoverability of research and high quality 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 Scopus, CrossRef and PubMed, please ensure that data provided in the
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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
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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/10.1029/2001JB000884. 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 underlying 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 global persistent identifier. Add [dataset]
immediately before the reference so we can properly identify it as a data reference. The
[dataset] identifier will not appear in your published article.

References in a 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 Special Issue.

Reference style

Text: Indicate references by (consecutive) superscript arabic numerals in the order in
which they appear in the text. The numerals are to be used outside periods and commas,
inside 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-
19-517633-9. List: Number the references in the list in the order in which they appear in
the text.

Examples:
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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.


https://doi.org/10.1029/2001JB000884

49

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;
2009:281-304.
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Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.
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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 article are strongly encouraged to include links to these within the body of the
article. 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 labeled 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. VVideo and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect.
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 clips, 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 article 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
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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 enables 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.

Data 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 a number of repositories to 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. For supported data repositories a
repository banner will automatically appear next to your published article on
ScienceDirect. In addition, you can link to relevant data 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
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be provided in the e-mail so that authors can download the files themselves. Elsevier now
provides authors with PDF proofs which can be annotated; for this you will need to
download the free Adobe Reader, version 9 (or higher). Instructions on how to annotate
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 quoting line number. If, for any reason, this is



51

not possible, then mark the corrections and any other comments (including replies to the
Query Form) on a printout of your proof and scan the pages and return via email. 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 one communication: please check
carefully before replying, as inclusion of any subsequent corrections cannot be

guaranteed. Proofreading is solely your responsibility.
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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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Appendix 111 - Registration of the systematic review protocol

N I H R | National Institute PROSPERO
for Health Research International prospective register of systematic reviews

Home | About PROSPERO | How to register | Service information Search | My PROSPERQO | Logout: Jalia Bastos

Register your review now Edit your details

You have 1 records

My other records

These are records that have either been published or rejected and are not currently being worked on.

ID Title Status Last edited

CRD42020153907 Effects of wide pulse and conventional electrical stimulation on muscle Registered 01/12/2020 &
fatigue, force and perceived discomfort
To enable PROSPERO to focus on COVID-19 registrations during the
2020 pandemic, this registration record was automatically published
exactly as submitted. The PROSPERO team has not checked
eligibility.
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ABSTRACT

Background: Neuromuscular electrical stimulation (NMES) can be delivered in a
conventional form (CONVnwmes) and using relatively wide-pulses and high-frequencies
(WPHFnmes). WPHFnves was developed to reduce contraction fatigue and improve
outcomes of NMES-based programs, however, there are no systematic reviews to assess
its’ efficacy and help guide the selection of stimulus parameters during NMES.
Objectives: Compare the effects of CONVnwmes versus WPHFnmes on contraction fatigue,
strength adaptations, and perceived discomfort in clinical and non-clinical populations.
Methods: Data sources included Pubmed, Embase, MEDLINE, Web of Science,
SciELO, EBSCO, LILACS, PEDro, Cochrane Library, and EMBASE. Two independent
reviewers selected studies and extracted information. Studies were selected if they
compared CONVnmes With WPHFnmes with contraction fatigue, strength adaptations or
perceived discomfort as outcomes. Study quality was assessed using the PEDro scale, and
overall quality was assessed using the Grading of Recommendations, Assessment,
Development, and Evaluation criteria.

Results: Eight studies (n=171 participants) were included. In short- and long-term
studies, when averaged across all non-clinical participants, there was either no difference
between CONVnmes and WPHFnmes for all outcomes or WPHFnmes produced more
fatigue. In a subset of non-clinical participants (“responders”), however, WPHFnmes
reduced contraction fatigue during a single session. Long-term studies found no
differences between protocols for fatigue or strength adaptations. Methodological quality
of the selected studies was very low.

Conclusion: WPHFnmes reduces contraction fatigue only in the short-term and in non-
clinical responder participants and may exacerbate fatigue in non-responders. New
clinical studies with good methodological quality may affect the results presented in this
review.

Key-words: Electric Stimulation, Fatigue, Muscle Strength, Torque, Perception
Discomfort.

PROSPERO registration: ------------------- :
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INTRODUCTION

Neuromuscular electrical stimulation (NMES) is used to generate contractions
to restore function and improve muscle strength and endurance (1-4). During NMES,
pulses of electrical current are delivered through electrodes on the skin over a muscle
belly or a nerve trunk. NMES activates motor and/or sensory axons, generating
contractions through peripheral and/or central pathways, respectively (5). Conventional
NMES (CONVnwmes) involves relatively brief pulses of current (~0.1-0.5ms) delivered at
low frequencies (~20-50Hz) (6-10), typically through electrodes over a muscle belly, and
this produces contractions by stimulating motor axons, thus through “peripheral
pathways” (11-20). Generating contractions through peripheral pathways recruits motor
units in an unphysiological, random, order with respect to type and at unphysiologically-
high rates (21). Accordingly, CONVnwes results in significantly more contraction fatigue,
defined as a decline in torque over time, than voluntary exercise (10,22,23). NMES can
also be delivered using longer duration current pulses (i.e. wide pulse widths) and higher
frequencies (WPHFnwves: 1ms of pulse widths, frequency ~100Hz). WPHFnmes was
developed to reduce contraction fatigue and improve outcomes of NMES-based programs
by generating contractions through “central pathways”, thus in a more physiologically-
relevant manner than CONVnmes. Whether contraction fatigue is reduced or NMES
outcomes are improved when using WPHFnwmes, however, is presently unclear.

WPHFnmes generates contractions through central pathways because a larger
sensory input is sent to the central nervous system (CNS) during WPHFnwves than
CONVnmes. Wider pulse widths during WPHFnmes activate more sensory axons relative
to motor axons because sensory axons have a longer strength-duration time constant than
motor axons, thus longer pulses are required to bring sensory axons to threshold than
motor axons (9,24-26). Also, higher pulse frequencies during WPHFnmes send more
impulses to the CNS per unit time than during CONVnwmes, further increasing sensory
input to the CNS. In some participants, described as “responders”, the combination of
wider pulses and higher frequencies produce contractions that gradually increase over
time. The increase in force has been called "extra force" (27) and has been attributed to
the recruitment of spinal motor neurons via central pathways (26-28). Extra force does
not develop when the nerve is blocked with anesthetic between the stimulation site and
the muscle (27) and thus is related to central mechanisms such as post-tetanic potentiation
of neurotransmitter release at the la synapse, summation of subthreshold excitatory

postsynaptic potentials and/or activation of persistent inward currents in motor neurons
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(27,29,30). Regardless, generating contractions via central pathways recruits motor units
in their physiological order, with fatigue-resistant units first, and some that discharge
asynchronously from one and other at physiologically low rates (21,31). While these ideas
about motor unit recruitment during NMES provided the rationale for developing
WPHFnmes (9,25,26), the short-term effects on contraction fatigue, and long-term effects
on strength adaptations, of WPHFnmes remain to be confirmed. Further, perceived
discomfort limits NMES sessions by restricting high muscle force levels or increasing
contraction fatigue (32,33).

To date, there is no systematic review that compares CONVnmes and WPHFnmEes
to guide clinical practice regarding NMES. This review, therefore, was developed to
summarize the research comparing CONVnmes and WPHFnwmes, following the Cochrane
collaboration (34) recommendations, to assess the effects of these interventions on
outcomes important for NMES-based programs. Specifically, we compared the effects of
CONVnmes and WPHFnves on contraction fatigue, strength adaptations and perceived
discomfort in individuals with neurological or musculoskeletal injury and in non-clinical
participants. The findings will help health care practitioners better understand the effects
of NMES on the neuromuscular system and will contribute to an evidence-base upon

which to develop NMES strategies.

MATERIAL AND METHODS
The protocol of this systematic review has been registered on the International

Prospective Register of Systematic Reviews - PROSPERO (registration number ---------

Criteria for considering studies for this review
Studies design and Participants

Only published randomized controlled trials (RCTs) and cross-over trials
involving participants with neurological and/or musculoskeletal disorders or non-clinical

participants (> 18 years of age) were included.

Types of interventions
Studies were included that compared one or more of our 3 outcome measures
between CONVnmes and WPHFnmes. Stimulus waveforms were either biphasic or

monophasic and applied over a muscle belly or nerve trunk. As the objective was to
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compare between two types of NMES, we did not assess passive comparators such as

placebo or sham therapy or an active comparator, such as another intervention.

Outcomes

A primary outcome was contraction fatigue, quantified either as a decline in
torque over repeated NMES-evoked contractions during a single session, a decrease in
the ability to generate torque during maximal voluntary contractions (MVCs) performed
before and after a single NMES session or through self-reports. Strength adaptations,
defined as a change in torque produced during MVCs performed before and after an
NMES training program, was also a primary outcome. The secondary outcome was
perceived discomfort as assessed using the visual analogue scale (VAS).

Search strategy

We searched nine electronic databases: PUBMED, MEDLINE, Web of Science
(all databases), SCIELO, EBSCO (Academic Search Premier, CINAHL, SPORTDicus),
LILACS, PEDro, Cochrane, and EMBASE, from April 2020 to August 2020. Descriptors
used in our search strategy, without restrictions on language and date of publication, were
"neurological  injuries”,  "musculoskeletal injuries”, "healthy individuals”,
"neuromuscular electrical stimulation”, "wide pulse high frequency"”, "muscle force",
"contraction fatigue" and "perceived discomfort”. The searches were adapted for each

database to identify all relevant articles.

Selection of studies

Two authors independently screened titles and abstracts retrieved by the search
strategy for eligibility and assessed whether each fulfilled the inclusion criteria. If
necessary, a more in-depth search through the full-text was conducted. Both authors
approved the inclusion of the studies in the review without discrepancy regarding

eligibility, however, a third author would have arbitrated in the case of discrepancy.

Data extraction

Two authors independently extracted the following information from the selected
articles: participant characteristics (total number, age, gender, inclusion and exclusion
criteria); description of the interventions (NMES characteristics); tools used to assess

outcomes and results. We planned to contact authors of studies in cases of missing data.
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Quality assessment

Study quality was assessed using the PEDro scale, which includes 11 items: 1)
eligibility criteria (not used to calculate score); 2) random allocation; 3) concealed
allocation; 4) baseline comparability; 5) blinded subjects; 6) blinded therapists; 7) blinded
assessors; 8) adequate follow-up; 9) intention-to-treat analysis; 10) between-group
statistical comparisons; 11) point estimate and variability. Each item was marked as "yes
(1/0)" or "no (0/0)" and provided a 0 to 10 scale (35). Scores were either extracted from
the PEDro database or, for studies not in PEDro, were rated by two reviewers

independently.

Data analysis and synthesis

We planned to assess the statistical heterogeneity of data with an |2 test as we
expected low (12 value up to 25%) or moderate (12 value up to 50%) heterogeneity.
However, we were unable to combine outcome measures, due to differences in how
outcomes were collected and the inclusion of studies with different stimulation
parameters and different outcome measures, so data are described qualitatively.

Data synthesis for this review combined data from RCTs and cross-over trials.
Cross-over trials were included, without knowing whether the first intervention's effects,
defined by each study's randomization, interfere with those of the second. Two studies
subdivided the participants into two subgroups, responders and non-responders to
WPHFnwmes (7,9); however, the references were not duplicated due to the subdivision, due
to the small sample sizes. Thus, these studies were analyzed considering the subgroups,

but still as a single reference.

Quality of evidence

The overall quality of evidence was assessed according to the Grading of
Recommendations, Assessment, Development, and Evaluation (GRADE). GRADE has
five domains: 1) Study design and risk of bias; 2) Inconsistency; 3) Indirectness; 4)
Imprecision and 5) Other factors (e.g., reporting bias, publication bias). The quality of the
evidence was classified as follows. High quality of evidence: consistent results in at least
75% of the clinical trials of good methodological quality, presenting consistent, direct,
and precise data with no suspicious or known publication bias, and further research is

unlikely to alter the estimate or the confidence in the results. Moderate quality of
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evidence: at least one domain is not met, and new research is likely to have a significant
impact on the confidence in the effect estimate. Low-quality evidence: two of the domains
are not met, and further research is likely to have a significant impact on the confidence
in the effect estimate and is likely to alter the estimate. Very low-quality evidence: three

domains are not met, the results will be highly uncertain (36).

RESULTS

The search retrieved 5407 records. After removing duplicate articles and
following screening and eligibility procedures described by PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (34); and outlined in Figure
1, eight articles were included. (6-10,37-39).

FIGURE 1

Characteristics of included studies

Included studies evaluated a total of 171 participants in short-term (i.e. single
session) (6-10,39) or long-term (i.e. multi-session “training” studies) (37,38) designs,
including 27 participants with multiple sclerosis (MS) (38) and 144 non-clinical
participants (6-10,37,39). Studies were carried out in Switzerland (6,8), France
(7,9,10,39), and the United States (37,38) between 2014-2018. Key study characteristics
are presented in Table 1. All short-term studies (6-10,39) and one long-term study (38)
assessed contraction fatigue. Both long-term studies (37,38) assessed strength
adaptations. Perceived discomfort was evaluated in one study (8). A summary of key
NMES parameters studies is presented in Table 2. Three studies (6,7,39) included another
comparator intervention, in addition to CONVnmes and WPHFnves: voluntary exercise

(VOL) (6,7,39), although these were not considered according to the inclusion criteria.

TABLE 1

TABLE 2

Quality assessment

The methodological quality of the included studies is described in Table 3. Two

studies (37,38) were indexed in PEDro, and their scores were extracted from the database.
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The other studies (6-10,39) were rated by the reviewers. PEDro total scores ranged from

4 to 7 and had an average score of 5, on a scale from 0 to 10.

TABLE 3

Effects of interventions

We could not pool data from the included studies in meta-analysis due to
heterogeneity between comparisons and outcomes reported. Therefore, results are
described descriptively.

Contraction fatigue
There was very low-quality of evidence for contraction fatigue which was downgraded
by the risk of bias, inconsistency, indirectness, and imprecision.

Short-term studies
Contraction fatigue during NMES

All six short-term studies (6-10,39) compared CONVnwmes versus WPHFnwEs
for contraction fatigue which was assessed using three outcome measures.

Five short-term studies (6-10) assessed contraction fatigue by calculating the
total force time integral (FTI; area under the force trace) over repeated contractions of a
fatigue protocol in non-clinical participants. In two studies (6,10) FTI was not different
between CONVnmes and WPHFnves. Another study (8) reported a lower FTI during
WPHFnmes than CONVnwves of the triceps surae muscles, consistent with greater
contraction fatigue using WPHFnmes. In two additional studies participants were divided
into “responders” and “non-responders” to WPHFnmes. Responders were those in whom
torque increased during a contraction, consistent with a contribution via reflex pathways.
In non-responders torque remain flat, consistent with contractions produced by
stimulation of motor axons alone. WPHFnwmes produced a greater FT1 than CONVwmes in
responders, although FTI was not different between the two types of NMES in non-
responders (9), or non-responders showed lower FTI for WPHFnwmes (7).

Four short-term studies assessed contraction fatigue by calculating mean force
over all contractions of a fatigue protocol in non-clinical populations (7,8,10,39). In two
studies (10,39), mean force was not significantly different between NMES types. In one
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study that classified participants into responders and non-responders (7), mean force was
greater during WPHFnmes than CONVnwmes in responders with no difference between
protocols for non-responders, similar to the result in the same study for FT1 and consistent
with the idea that WPHFnmes reduces contraction fatigue but only in responders.
Overall, when assessed across all participants most studies (6,10,39) showed no
differences in contraction fatigue between CONVnmes and WPHFnwmes, although one
showed greater fatigue during WPHFnwmes (8). Of note, WPHFnmes produced less fatigue
than CONVnwmes in responders, while in non-responders there were no differences in

fatigue between protocols (9) or WPHFnmes produced greater fatigue (7).

MVC

In two short-term studies (8,10) with non-clinical participants torque produced
during plantarflexion MVCs was assessed before and after a single NMES session and
the amount that MV Cs decreased was not different after CONVnmes or WPHFnmeEs.

Long-term studies
Contraction fatigue during NMES

One long-term (six week) study (38) compared contraction fatigue between
CONVnmes and WPHFnves in people with MS. Fatigue was self-reported using the
Modified Fatigue Impact Scale (MFIS) questionnaire and, although scores declined over

time with both protocols, scores were not different between CONVnves and WPHFnmEs.

Strength adaptations

Two long-term studies (37,38) compared strength adaptations between
CONVnwmes and WPHFnwves, by assessing how much force produced during MVCs
increased after repeated NMES sessions. The quality of evidence for these studies was
very low and was downgraded by the risk of bias, inconsistency, indirectness, and
imprecision. Mani and colleagues (37) assessed MVCs around multiple joints in non-
injured older adults after six weeks of CONVnwmes or WPHFnwmes over the ankle plantar
flexors. Although there was a significant increase in plantar flexor MVC, the increase
was not different between CONVnmes and WPHFnwves. Almuklass and colleagues (38)
evaluated MVCs before and after 6-weeks of WPHFnmes or CONVnwes over the ankle

dorsiflexors and plantar flexors in participants with MS (38) and they also found a
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significant increase in strength of the stimulated muscles post-NMES that was not

different between NMES protocols.

Perceived discomfort

One short-term study (8) with a non-clinical population assessed perceived
discomfort using a visual analog scale score (VAS) and found no difference between
CONVnwmes and WPHFNmES.

DISCUSSION

This is the first systematic review to summarize research comparing CONVnmes
and WPHFnmes on outcomes relevant for NMES-based programs, specifically,
contraction fatigue, strength adaptations and perceived discomfort. The findings
contribute to an evidence-base for physical therapy practice related to NMES and have
broader implications for designing and developing rehabilitative technologies. In general,
we found no differences between CONVnmes and WPHFnwmes for fatigue and discomfort
in both short- and long-term studies in non-clinical populations and for strength
adaptations and fatigue in patients with MS in a long-term design, thus we propose that
physical therapists would achieve similar outcomes using CONVnwmes or WPHFnwmes.
WPHFnmes did reduce contraction fatigability, however, in a subset of non-clinical
participants, the “responders”, in whom WPHFnmes generates contractions in part through
central or reflex pathways. Nonetheless, according to the GRADE recommendations (36),
the quality of evidence was very low for contraction fatigue and strength adaptations, thus
new findings may alter the conclusions presented in this review and the present findings
should be interpreted cautiously.

Contraction fatigue was assessed using a range of outcomes measures in six
short-term and one long-term study. Contraction fatigue, assessed as the total mean force
during a single NMES session, was not different between CONVnmes and WPHFnwmes in
four short-term studies with non-clinical participants (7,8,10,39). Similarly, Martin and
colleagues (10) found no difference between CONVnwmes and WPHFnwves when fatigue
was assessed as the total FTI in non-clinical participants and Almuklass and colleagues
(38) reported no difference in fatigue between protocols when assessed over a long-term
study using a MFIS questionnaire. Although fatigue was not different between protocols
in the study of Martin et al. (10), the mechanisms responsible for fatigue were different,

as during WPHFnves a decline in the number of active motor units was the main
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mechanism and intramuscular processes predominated during CONVnmes (10). This
progressive decline in number of active motor units during WPHFnwmes is consistent the
progressive decrease in the excitability of motor axons under the stimulating electrodes
that develops when using high NMES frequencies (40). Indeed, Neyroud and colleagues
found a lower FTI during WPHFnmes than CONVnwes, suggesting more contraction
fatigue during WPHFnwmes, which the authors attributed to the higher frequencies during
WPHFnmes and resulting higher metabolic cost (8). Thus, when using WPHFnmes to
reduce contraction fatigue with there is a trade-off between the high NMES frequencies
(>80 Hz) required to maximize central recruitment (41) and minimize contraction fatigue,
and the low NMES frequencies (~20 Hz) that minimize fatigue that arises from decreased
motor axon excitability (40) and increased metabolic demand (10). It may be that the
optimal parameters for delivering NMES to reduce contraction fatigue are yet to be
identified. Interestingly, in the study of Neyroud (8) although the decline in FTI during
the stimulation depended on NMES protocol, the decline in MV C torque after the NMES
sessions did not, which may be due to the small amplitude of the NMES-evoked
contractions (10% MVC) which would have fatigued only a small portion of motor units
recruited during the “test” MVCs (8). Accordingly, contraction fatigue may be
underestimated when quantified by MVC force loss and the FT1 or mean force recorded
during NMES sessions is a more sensitive index of contraction fatigue during NMES.

In two short-term studies (7,9) fatigue was evaluated after dividing participants
into those who “responded” during WPHFnwmes and those who did not. Responders were
participants in whom contractions developed in part via central pathways, producing
“extra force” thought to be beneficial for reducing contraction fatigue by preferentially
recruiting fatigue-resistant motor units (7,9,42). Both studies (7,9) that made this
distinction found that WPHFnmes reduced contraction fatigue compared to CONVNmEs
only in responders, regardless of how fatigue was quantified. In non-responders, fatigue
during WPHFnmes was either not different than during CONVnmes When assessed as the
mean force (7) or the FTI (9) and in one study fatigue was greater during WPHFnwmes
when assessed as the FTI (7). Therefore, it appears responders represent a subset of the
non-clinical population in whom WPHFnwmes reduces contraction fatigue by recruiting
fatigue-resistant motor units via central pathways. The different fatigue assessment
methods, different NMES session durations and rest times between protocols (Table 1 for
further details) may account for much of the variability in the results for this outcome

measure.



66

Strength adaptations were assessed after six weeks of either CONVnmes or
WPHFnmes In two long-term studies (37,38). In these studies, NMES was applied three
times a week over the ankle dorsiflexor and plantar flexor muscles in participants with
MS (38) or over the plantar flexors in non-injured older adults (37). In both studies there
were no differences between CONVnwmes or WPHFnwmes for gait speed, walking
endurance or strength adaptations post-NMES. Strength adaptations were assessed by
comparing MV Cs performed before and after the six weeks of both NMES-types (37,38).
Further long-term studies are needed to establish, and optimize, strength adaptations
induced using different NMES protocols that incorporate assessment tools with greater
sensitivity than MVC.

Perceived discomfort was assessed in one short-term study (8) in which VAS
scores were not different between CONVnmes and WPHFnves. CONVnmes, however,
required more current than WPHFnmes to obtain the same initial contraction amplitude,
thus one might have expected CONVnwmes to induce more discomfort. The lack of a
difference in discomfort between protocols may be associated with the low contraction
amplitude (10% MVC) (43) and lack of discriminative capability of the VAS measure
(32). This low initial contraction amplitude was chosen to minimize antidromic block to
allow maximal central recruitment (26,41). Further studies are needed to compare the
effects of WPHFnwmes versus CONVmes on perceived discomfort.

Study limitations

We conducted a comprehensive literature search across multiple databases,
however, this search yielded studies predominantly in English-language journals and may
not have captured studies in non-English journals and regional databases. Also, the
variability between evaluations and clinical heterogeneity between studies precluded us
from performing meta-analyses, limiting this review to descriptive rather than
quantitative comparisons. Multiple outcome measures were also a limitation as they made
even descriptive comparisons between studies difficult.

The quality of the included studies was very low and ranged from 4 to 7 points on
the PEDro scale. As none of the selected studies utilized a triple-blinding methodology
(subject, therapist, and assessor) and non-blinded studies often have larger effect sizes,
smaller p-values, and higher frequency of significant results (44), rigorous studies with
blinded evaluations should be conducted in this field to increase methodological quality.

The lack of quality studies in this area markedly limited the ability to differentiate
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between CONVnmes and WPHFnwmes regarding contraction fatigue, strength adaptations

and discomfort.

Conclusions

The results of both short- and long-term studies suggest that in general, across a
group of non-clinical participants, there is no difference between CONVnwmes and
WPHFnmes for contraction fatigue, strength adaptations or perceived discomfort. There
is evidence, however, that a single session WPHFnmes may reduce contraction fatigue,
compared to CONVnwmes, for a segment of the non-clinical population (the “responders™)
but exacerbate contraction fatigue for others (the non-responders). In the long-term, no
differences were identified between CONVnmes and WPHFnmes for muscle strength
adaptations and fatigue in clinical and non-clinical populations. The methodological
quality, however, was very low and future well-designed RCTs should be conducted to
establish the optimal NMES parameters to reduce contraction fatigue, increase muscle
strength, and reduce perceived discomfort in clinical and non-clinical participants.
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Table 1. Key characteristics.

Study - Sample Age Gender . Anothe_r
Year Author . Participants . intervention Outcomes Results
design size (years) (% male) -
comparison
2016 'V'a“'[o‘ et Crossover  Non-clinical 11 28+8 72,70% X Contraction fatigue MVC and FTI were similar for
al. both protocols.
FTI (main index of muscle
fatigue) in WPHF was smaller
2014 Neyr0L81d et Crossover  Non-clinical 14 27+ 4 78.50% X Contra}ctlon fatigue;  (more fatlgue_m_WPHF). MVC
al. Discomfort decrease similar for both.
Discomfort scores were similar
for both.
2014 Silvaetal.5 Crossover Non-clinical 13 307 69,20% VOL Contraction fatigue FTl Werisllqlgligi%rnlsﬂ the two
For the responder group, the total
FTI (fatigue index) was similar
for both, the non-responders
Wearzva et showed lower FTI for WPHF
2015 gal ;/g Crossover  Non-clinical 18 297 72,20% VOL Contraction fatigue  (more fatigue). In the responder
' group the Mean Force for WPHF
was greater, and no difference
between protocols in non-
responders.
For responder group the FTI was
2014 Wegrzgk et Crossover  Non-clinical 42 2816 47,60% X Contraction fatigue greater for WPHF, the non-
al. responder group showed no
differences.
2017 Wegri}gg et Crossover  Non-clinical 16 26+5 66,6%* VOL Contraction fatigue Mean Force was not different
al. between the protocols.



Decrease in fatigue level (MFIS
questionnaire) for both protocols.

Almuklass Multiple 27 (13 NP 54.9 + Contraction fatigue;  MVC force of the dorsiflexors in
2018 ot al 38 RCT sclerosis NP, 14 4.5; WP NA X Strength the affected leg increased at week

' patients WP) 50.4+9.0 adaptations 11 and of the plantar flexors in
the less affected leg at week 7 for

both protocols.
30 (15 Strenath MVC force increased in plantar
2018 Mani et al.¥ RCT Olderadults  NP,15 735%4.8 43,33% X g flexor at week 7 for both
adaptations
WP) protocols.
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*values available only for data before sample loss. Note: MVC: maximum voluntary contraction; FTI: force time integral; VOL.: voluntary contraction; CP: cerebral
pasy patients; RCT: randomized clinical trial; NP: narrow-pulse group; WP: wide-pulse group; NA: not available; MFIS: Modified Fatigue Impact Scale



Table 2. Summary of NMES parameters.

75

Experimental . Rest Frequency Frequency Width Width .
Year  Author Stu_dy session Sessions  Total between WPHE CONV WPHE CONV E'Iectrode Ton-Toff Number of  Electrode Intensity
design . /week  weeks . size (cm)  (seconds) contractions placement (mA)
duration sessions (Hz2) (Hz2) (ms) (us)
Martinet  Short- L Tibial
2016 10 2-2.5 hours NAP NAP 7 days 80 20 1 50 (diameter); 6-6 40 20% MVC
al. term Nerve
10x13
Triceps
2014 Neyroud  Short- NA NAP  Nap 0109 100 25 1 50 105 20-40 20 Surae 10% MVC
etal. term days Muscle
Belly
Triceps
Silva et Short- 5-10 10- Surae
0,
2014 al.s term NA NAP NAP minutes 100 25 1 50 10x5 300/600 1 Muscle 10% MVC
Belly
Triceps
o015 WeOZYg  Short NAP  NAP  NA 100 25 1 50  5x13;5x9  20-20 20 Surae 10% MVC
etal. term Muscle
Belly
Triceps
g014 NeOrzyk  Short NaP NAp OO 100 25 1 50 5x13;5x9  20-90 5 Surae 5% MVC
et al. term minutes Muscle
Belly
NA
(both Triceps
Wegrzyg  Short- currents . Surae 10% MVC
2017 ot al term 2 hours NAP NAP on the 100 25 1 50 5x13; 5x9 20-20 20 Muscle (8.5 2 11.5%)
same Belly

day)



go1g  Almuklass Long- gy e 3 6 NA 100 50 1 6 3304 38
etal. term 2x5
o018 Maniet  Long- NA 3 6 NA 100 50 1 26 2x3 4-12 75

al.%’ term

Dorsiflexor
and Plantar
Flexor
Muscles

Triceps
Surae
Muscle
Belly
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10% MVC
for
Dorsiflexors;
20% MVC
for Plantar
Flexors

Maximum
tolerated

Note: NA: not avaiable; NAP: not aplicable; Hz: Hertz; ms: milisecond; ps: microsecond; cm: centimeter; mA: milliampere; MVC: maximal voluntary contraction.



Table 3. Methodological quality of included articles (PEDro scale).
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Groups ] ] Intention- Between- Point
Author Random Concealed o Subjects Therapist ~ Assessor  Adequate ]
. . similar at L Lo L to-treat group estimate and Total
(Year) allocation allocation . blinding blinding blinding  follow-up . ) L
baseline analysis comparisons variability
Martin et al.
Y N Y N N N N N Y Y 4
(2016)™°
Neyroud et
N N Y N N N Y Y Y Y 5
al. (2014)8
Silva et al.
N N Y N N N Y Y Y Y 5
(2014)8
Wegrzyk et
Y N Y N N N Y Y Y Y 6
al. (2015)"
Wegrzyk et
Y N Y Y N N Y Y Y Y 7
al. (2014)°
Wegrzyk et
Y N Y N N N Y N Y Y 5
al. (2017)%
Almuklass
etal. Y N Y Y N Y N N Y Y 6
(2018)%
Mani et al.
N Y N N Y N N Y Y 5
(2018)*"

N, No; Y, Yes.



