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RESUMO

Introducdo: Os comprometimentos da lesdo medular (LM) resultam em disturbios do
movimento quase sempre manifestados por musculos paralisados com inervacfes
preservadas e suscetiveis de serem ativados por estimulacao elétrica. Objetivo: Avaliar
alteracdes e associacdes na funcdo neuromuscular e na estrutura musculoesquelética, nos
musculos paralisados com inervac@es preservadas, em pessoas com LM, comparado a um
grupo pareado higido (GP). Métodos: Foi realizado um estudo de caso-controle
transversal para comparar muasculos saudaveis e comprometidos (biceps braquial [BB],
reto femoral [RF], vasto lateral [VL], vasto medial [VM] e tibial anterior [TA]) e tendGes
(quadriceps e patelar) por meio de parametros obtidos no teste eletrodiagndstico de
estimulo (cronaxia, reobase, acomodacdo e indice de acomodacdo) e avaliacdo por
ultrassonografia (espessura, angulo de penacdo, comprimento do fasciculo e
ecointensidade). Ao mesmo tempo, foram realizadas medidas repetidas de dois
avaliadores independentes para verificar a confiabilidade entre as medidas. Resultados:
Trinta participantes (quinze em cada grupo) foram avaliados. Em relacdo aos parametros
da ultrassonografia, foram encontrados interagdo musculo x grupo estatisticamente
significante: espessura muscular (F = 2,96, p<0,022, ICC 0,91), ecointensidade (F = 6,74,
p<0,0001, ICC 0,90), angulo de penacdo (F = 5,52, p<0,0001, ICC 0,89) e comprimento
fascicular (F = 2,71, p<0,0497). Na arquitetura dos tenddes, houve diferenca
estatisticamente significante na espessura do TQ quando comparado ao GP (p<0,046, ICC
0,94). Em relagéo aos valores de cronaxia, foram demonstradas diferencas significativas
entre musculo x grupo (F = 15,58, p <0,0003, ICC 0,87). O grupo LM apresentou
prevaléncia de disturbios eletrofisiologicos neuromusculares (NED) de 33,3% nos
musculos RF e VL e 26,6% nos musculos VM e TA. Concluséo: A atrofia por desuso
ocorre globalmente em pacientes com LM cronica abaixo do nivel da leséo, reduzindo a
espessura muscular, o angulo de flexdo e o comprimento fascicular, além de aumentar a
ecogenicidade dos musculos e tendBes. O aumento dos valores da cronaxia e de NED
parece desempenhar um papel fundamental na m& adaptacdo da arquitetura

musculotendinea.



ABSTRACT

Introduction: Spinal cord injury (SCI) impairments result in movement disorders
manifested by paralyzed muscles, with preserved innervations susceptible to activation
by electrical stimulation. Objective: To evaluate changes and associations in
neuromuscular function and musculoskeletal structure in paralyzed muscles with
preserved innervations in people with SCI in comparison with able-bodied people.
Methods: A cross-sectional case-control study was designed to compare healthy and
impaired muscles (biceps brachii [BB], rectus femoris [RF], vastus lateralis [\VL], vastus
medialis [VM], and anterior tibialis [TA]) and tendons (quadriceps and patellar) obtained
from the stimulus electrodiagnostic testing (chronaxie, rheobase, accommodation, and
accommodation index) and ultrasound assessment (thickness, pennation angle, fascicle
length, and eco intensity). At the same time, repeated measures from two independent
raters to check the inter-rater reliability of the measures were performed. Results: Thirty
participants (fifteen in each group) were evaluated. Regarding US parameters, a
significant muscles versus impairment interaction was found in the muscle thickness (F
= 2.96, p <0.022, ICC 0.91), echo intensity (F = 6.74, p <0.0001, ICC 0.90), pennation
angle (F=5.52, p<0.0001, ICC 0.89), and fascicle length (F =2.71, p <0.0497). In tendon
architecture, we found quadriceps tendon thickness reduction comparing SCI and able-
bodied individuals (p <0.046, ICC 0.94). Regarding chronaxie values, muscles versus
impairment (F = 15.58, p <0.0003, ICC 0.87) revealed relevant differences. In addition,
the SCI had a higher prevalence of Neuromuscular Electrophysiological Disorders (NED)
of 33.3% in the RF and VL, and 26.6% in the VM and TA muscles. Conclusion: Disuse
atrophy occurs globally in individuals with chronic SCI for the muscles under the lesion
level, reducing muscle thickness, pennation angle, and fascicular length, as well as
increasing muscle and tendon echogenicity. The increased chronaxie values and higher
NED prevalence for SCI seem to play a key-role in the maladaptation of

musculotendinous architecture, revealing a possible acquired peripheral neuropathy.



1. INTRODUCAO

1.1. Lesdo Medular e atrofia muscular por desuso

A lesdo medular (LM) é considerada mundialmente um problema de Salde
Publica (REF). Segundo a Associacdo Americana de Lesdo Medular (do inglés, American
Spinal Injury Association - ASIA), a LM define-se pela diminuicdo ou auséncia de fungédo
motora e/ou sensoOria e/ou anatbmica, caracterizando-se como lesdo completa ou
incompleta em decorréncia do comprometimento de elementos neuronais presentes no
interior do canal vertebral (Kirshblum et al., 2011). As deficiéncias da LM resultam em
distdrbios do movimento quase sempre manifestados por muasculos paralisados com
inervacdes preservadas e, portanto, suscetiveis de serem ativados por estimulacao elétrica
(Harvey, 2016; Rabelo et al., 2017).

Abaixo do nivel da lesdo, a perda somestésica, proprioceptiva, do controle
neuromotor e de fungBes autondbmicas acarreta alteragdes profundas como
hipoestesia/anestesia, paresia/paralisia e disfuncédo visceral, vasomotora, esfincteriana e
sexual (McDonald e Sadowsky, 2002; Van Middendorp el al., 2011). Em relagdo a
categoria neuroldgica, no momento da alta hospitalar, a maioria dos pacientes apresenta
tetraplegia incompleta (41,2%), seguida pela paraplegia incompleta (19,6%), tetraplegia
paraplegia completa (20,2%) e tetraplegia completa (12,3%) (National spinal cord injury
Statistical Center, 2020). Diante disso, a LM também afeta o bem-estar fisico, social e
psicoldgico das vitimas e gera uma demanda substancial aos sistemas de saude, familias
e comunidades (Singh et al., 2014).

A incidéncia anual de LM vai de 12, na Espanha, a 54 casos por milhdo de pessoas
nos Estados Unidos (National spinal cord injury Statistical Center, 2020). A maior parte
dos estudos mostra uma razéo alta de homens para mulheres, idade de pico de incidéncia
abaixo de 30 anos. Acidentes automobilisticos sdo as principais causas de lesdo, seguida
por quedas. Atos violéncia (principalmente ferimentos a bala) e atividades esportivas /
recreativas também sdo relativamente causas comuns (National spinal cord injury
Statistical Center, 2020). Dados no Brasil sdo escassos, mas estima-se que ocorram
10.000 novos casos por ano (Ministério da Saude, 2015) com caracteristicas semelhantes
as de outros paises, a exemplo dos acidentes automobilisticos, que também sédo a principal
etiologia no municipio de Aracaju/SE (40,8%). Porém, no mesmo local, a violéncia como

causa da LM e mais expressiva que internacionalmente, estando em torno de 32,5%,



somando ferimento por arma de fogo e por arma branca e agresséo fisica (McDonald e
Sadowsky, 2002; Singh et al., 2014).

Os avangos em cuidados apos a lesdo e durante a recuperacdo levaram a um
aumento na taxa de sobrevivéncia e na expectativa de vida dos individuos com LM
(Middleton et al., 2012). Contudo, diversas complicacBes sdo observadas, e 0s prejuizos
resultantes da lesdo na medular variam dependendo da organizacdo funcional da medula
espinhal e o local da lesdo. A perda de fungdo muscular leva a limitagdes no desempenho
de atividades funcionais como a marcha, a habilidade de transferir-se e manter-se na
posicao sentada (Van Middendorp et al., 2011).

O efeito mais visivel da paralisia total ou parcial da musculatura é a atrofia
muscular, caracterizada por diminuigdo do tamanho das fibras musculares, associada a
uma complexa cascata de efeitos bioquimicos que afetam a composicdo do musculo
atingido. Funcionalmente, essas mudancas manifestam-se através da perda de forca, de
poténcia e de resisténcia muscular (Castro et al., 1999, Dumitru et al., 2017). A atrofia de
um musculo pode ocorrer principalmente de duas maneiras, devido ao desuso ou
desnervacdo, e uma variedade de patologias desencadeiam uma reacdo a atrofia por
alteracdes no metabolismo energético que interferem na composicdo das fibras
musculares e no equilibrio entre a sintese e degradacdo de proteinas (Panisset et al., 2016;
Rabelo et al., 2017; Kern et al., 2017; Dumitru et al., 2017). A atrofia muscular
esquelética é causada por uma série de fatores, incluindo doenca, envelhecimento, lesdo,
decréscimos nutricionais e desuso. E caracterizada por uma diminuicdo na area da se¢o
transversal do musculo, um declinio na capacidade geradora de forca, diminuicdo das
proteinas funcionais da massa muscular e perda da capacidade oxidativa, tornando o
tecido menos resistente a fadiga (Theilen et al.; 2017). A atrofia por desnervacao ocorre
qguando o nervo € interrompido e o tecido muscular ndo recebe mais sinais de estimulacédo
do sistema nervoso. Este tipo de atrofia pode surgir de danos ao sistema nervoso central,
como lesdo medular, ou em les6es periféricas (Dumitru et al., 2017).

A sinalizacdo do desequilibrio muscular comeca devido a falta de contracdo e
estimulos musculares. Muitas vias contribuem para a atrofia muscular, mas, finalmente,
o desequilibrio da degradagdo excessiva de proteinas sem um aumento correspondente na
sintese de proteinas resultara em uma perda liquida de tecido muscular. Atrofia também
esta correlacionada com disfungdo mitocondrial. Muitas vias de degradagéo de proteinas
e sinalizacdo do apoptose celular s&o estimuladas pelo aumento dos niveis de espécies

reativas de oxigénio, como ocorre na disfuncdo mitocondrial (Theilen et al.; 2017).



Quando a degradacao de proteinas excede a sintese de proteinas ao longo do tempo, a
atrofia ocorre juntamente com uma diminuigdo da funcdo mitocondrial (Dumitru et al.,
2017; Theilen et al.; 2017). As células sofrem uma morte celular programada (apoptose)
devido a interacfes bioquimicas especificas que causam blebbing da membrana celular,
condensacédo de cromatina e lise de fragmentos celulares, resultando na morte da célula.
Quando o musculo esquelético ndo se contrai ao longo do tempo, como ocorre no desuso,
observa-se um aumento no apoptose celular (Siu et al., 2009; Theilen et al.; 2017).

Na LM, a atrofia muscular ocorre predominantemente na fase aguda apos LM (<3
meses apos a lesdo) (Gorgey and Dudley, 2007), em decorréncia da auséncia de
recrutamento muscular voluntario. No primeiro més apos a leséo, a espessura muscular,
medida por ultrassom, diminui em até 40%, sendo razoavel indicar o periodo de até trés
meses como 0 “estdgio inicial” da paraplegia por desuso (Taylor, 1993, Gorgey and
Dudley, 2007). Apesar da condicdo de saude adquirida, na maioria dos casos, o estado
atrofico dos musculos pode ser parcialmente reversivel se a ativagdo pela unidade motora
tiver sido restaurada. Presumivelmente, o que determina estados atréficos é uma estreita
relacdo entre estresse oxidativo e atrofia muscular por desuso (Oki et al., 2016; Rabelo et
al., 2017; Kern et al., 2017).

A atrofia muscular e a capacidade reduzida de produzir torque contribuem para o
desenvolvimento de incapacidade apds a lesdo. Pesquisadores encontraram que sujeitos
com lesdo medular incompleta produzem apenas 24% do torque extensor do joelho e 26%
do torque flexor plantar em comparacéo a individuos sem lesdo (Jayaraman et al., 2006).
Estudos prévios demonstram reducGes na area sec¢do transversal média (CSA) medidos
por biopsia em individuos ap6s 6 semanas de LM, de 18% a 46% quando comparado a
individuos saudaveis (Castro et al., 1999; Giangregorio et al., 2006). Estudo prospectivo
de 24 semanas p0s-LM desses pacientes, revelou mais redu¢bes nos CSAs médios do
gastrocnémio e masculo séleo de 24% e 12%, respectivamente (Castro et al., 1999;
Giangregorio et al., 2006). Da mesma forma, 6 semanas a 24 semanas pos-lesdo, as
reducdes médias nos CSAs do quadriceps, isquiotibiais e do musculo adutor foram de
16%, 14% e 16%, respectivamente. Redugdes musculares podem resultar em diminuicéo
da taxa metabdlica e aumento do armazenamento de gordura intramuscular (Sedlock et
al., 1990; Giangregorio et al., 2006). Da mesma forma, a recuperacdo da forca dos
membros inferiores € um dos determinantes da funcdo de deambulacdo apos a lesdo
medular. Sabe-se que 70% dos sujeitos com lesdo medular incompleta é capaz de

recuperar alguma forma de deambular - com ou sem orteses e dispositivos de auxilio



(Burns and Ditunno, 2001). Sendo a marcha é afetada pela espasticidade, coativacdo e
pela fraqueza muscular (Krawetz e Nance; 1996; Rabelo et al., 2017).

A reabilitacdo requer o diagnostico do nivel e da gravidade da lesdo por meio da
identificacdo das zonas sensdrio-motoras integras, o que permite ao clinico tracar o
tratamento e o progndstico, bem como acompanhar a recuperacdo do sistema nervoso. A
escala da ASIA é o método padronizado para essa avaliagdo (van Middendorp et al.,
2011), mas a sua aplicacdo é limitada em pacientes ndo colaborativos e ndo fornece todos
os dados necessarios para o conhecimento das alteracdes fisioldgicas e estruturais
secundarias e para a escolha de determinadas abordagens terapéuticas. Diante disso,
exames eletrofisioldgicos e ultrassonograficos tém sido utilizados para suprir essa
demanda (Curt & Dietz, 1999; Smith et al., 2017).

1.2. Avaliacéo da arquitetura muscular

O ultrassom tem sido reconhecido como uma importante ferramenta para o
diagnostico de diversas condi¢des no tecido musculoesquelético (Zbojniewicz, 2014). A
ultrassonografia € um método ndo invasivo amplamente utilizado na identificacdo de
alteracbes da estrutura e morfologia musculotendinea (Grimm, 2013; Parry, 2015;
Puthucheary, 2015) e que apresenta boa confiabilidade inter e intra-examinador (Tillquist,
2014; Baldwin, 2011; Dudley-Javoroski, 2010). Outros exames de imagem utilizados
com esta finalidade sdo a ressonancia magnética e a tomografia computadorizada, porém,
a ultrassonografia tem a vantagem de ndo usar radiacdo, ser de baixo custo e ter
exemplares portateis (Walton et al., 1997; Dupont et al., 2001). A ultrassonografia
permite a visualizacdo do mdsculo, nervo e estruturas adjacentes e pode oferecer
informacBes em tempo real no processo de perda de massa muscular devido a atrofia.

No musculo esquelético, as fibras se organizam basicamente em dois tipos,
fusiforme e penado. No musculo fusiforme, como o Biceps Braquial (BB), as fibras sao
longas e paralelas, conectando o tendao proximal ao distal. O musculo penado possui
fibras curtas, como o Tibial Anterior (TA), com uma orientacdo obliqua entre a
aponeurose profunda até a superficial. Estas diferentes geometrias conferem diferentes
funcGes primarias aos musculos, como velocidade de contracdo (fusiformes) e geracéo de
forca (penados), muito estudadas na biomecanica muscular. Para quantificar as diferentes
geometrias musculares do corpo humano com o ultrassom, varios parametros chamados

de arquitetura muscular sdo quantificados, como a espessura e ecogenicidade muscular,



do angulo de penacédo e do comprimento fascicular (Parry, 2015; Puthucheary, 2015;
Bunnell, 2015). Essas variaveis sdo Uteis na avaliacdo da capacidade de realizacdo de
movimentos articulares, assim como um preditor da capacidade de geracdo de forca
(Ackland, 2012; Anderson, 2001).

A espessura do musculo esta relacionada a area da secéo transversa do musculo e
é definida como o ponto com o maior didmetro muscular (Blazevich, 2006; Franchi et al.,
2018, Turton et al., 2019). A ecogenicidade muscular estd associada a qualidade
muscular, representando a composi¢do da musculatura contra a infiltracdo de tecido ndo
contratil, como tecido adiposo ou fibroso, agua e edema, sendo quantificado por analise
em escala de cinza (Mayans et al., 2012; Strasser et al., 2013). Por sua vez, o angulo de
penacdo € definido como o angulo entre a fibra muscular perpendicular ao eixo
longitudinal das fibras musculares (Blazevich, 2006; Strasser et al., 2013). Se 0 musculo
é penado, contém mais fibras em paralelo e, consequentemente, mais fibras contrateis. O
comprimento fascicular, que é uma estimativa do comprimento da fibra muscular, é
definido como o comprimento do fasciculo e as aponeuroses superficiais e profundas e
indica um intervalo de comprimento no qual o musculo é capaz de produzir ativamente
forca (Lieber and Fridén, 2000; Blazevich, 2006).

Em uma imagem de ultrassom, o musculo esquelético pode ser facilmente
distinguido de outras estruturas como a gordura subcuténea e o osso (Pillen et al. 2006).
O mdasculo esquelético saudavel possui pouco tecido fibroso e isto o caracteriza como
uma estrutura hipoecdica (mais preto) (Peetrons, 2002). Para 0 mesmo mdasculo, a
orientacdo longitudinal e transversal do transdutor resulta em diferentes imagens de
ultrassom, onde diferentes pardmetros de arquitetura podem ser melhores definidos. As
imagens obtidas através da orientacdo longitudinal do transdutor permitem a analise de
algumas propriedades do masculo como o angulo de penacao e o comprimento fascicular.
Entretanto, a recomendacao apropriada para a orientacdo da sonda que deve ser usada
para uma melhor anélise das imagens em musculos esqueléticos ainda ndo esta
estabelecida (Blazevich, 2006).

Com as medidas de espessura e ecogenicidade é possivel prever alteragdes na
forga muscular e na funcionalidade (Perry et al., 2015). Existe uma relacdo comprovada
entre forca e espessura do musculo quadriceps femoral em humanos (Chi-Fishman et al.,
2004; Sarwal et al., 2015). Dessa forma, o exame pode fornecer subsidios para identificar

potenciais respondedores a reabilitacdo ainda na fase precoce da injuria.



1.3. Avaliacéo da arquitetura tendinea

Os tenddes e os ligamentos sdo estruturas especializadas, com elaborada arquitetura
anatdmica, que desempenham papel fundamental na locomocao. Os tend@es transferem a
forca gerada pela contracdo muscular para 0s 0ssos, através das articulagdes, promovendo
0 movimento (Ingraham et al., 2003). Os tenddes possuem a capacidade de se adaptar as
diferentes cargas mecanicas que lhes sdo aplicadas e por consequéncia alteram sua
composicao, propriedades mecanicas e estruturais (Wang et al., 2006). Mesmo o desuso
a curto prazo pode causar alteragdes nas caracteristicas teciduais do tenddo, como na sua
viscoelasticidade, levando a uma menor rigidez desta estrutura (Hannafin et al., 1995;
Kubo et al., 2004; Matsumoto et al., 2003). Entretanto, a literatura ainda carece de estudos
que correlacionem o desuso a curto prazo com a reducdo da espessura do tendao,
especificamente o tenddo do quadriceps.

A maior parte do conhecimento sobre os efeitos do desuso na mecénica dos tenddes
provém de estudos com animais e duracdes relativamente curtas de descarga
experimental, com duracdo de 3 a 12 semanas. Entretanto, alguns fatores tornam dificil a
aplicabilidade dos achados de trabalho animal in vitro para tenddes humanos in vivo,
como: diferencas no nivel de resisténcia mecanica do tenddo, diferencas na carga
fisiologica entre os tendBes de um determinado animal e diferencas na atividade
desempenhada pelos animais. Os avancos na ultrassonografia, no entanto, permitiram
avaliar in vivo os efeitos do desuso nas propriedades mecanicas do tenddo humano intacto
(Carroll et al., 2008; Magnusson et al., 2008; Hsin-Yi Liu, 2013).

Os tend@es sdo considerados fundamentais na transmissdo de forga contratil para
manutencdo da postura e/ou producdo do movimento. Estruturalmente, o tenddo é
revestido por uma quantidade de tecido conjuntivo frouxo, denominado paratenddo, que
permite a livre circulacdo do tecido. A segunda camada, denominada epitenddo, é
continua com o paratenddo em sua superficie externa e, com o endotenddo, na sua
superficie interna, agrupando os endotendfes de forma organizacional. Finalmente, o
endotenddo envolve cada fibra individualmente e conduz vasos sanguineos e nervos
(Sharma and Maffulli, 2005; O'Brien, 2005). Em relacdo a sua constituicdo, os tendbes
apresentam uma grande matriz extracelular, extremamente resistente a forcas de tracéo e
compressdo e uma quantidade relativamente pequena de células, responsaveis pela
manutencdo dessa matriz (Birch, 2007; Lavagnino et al., 2015). A matriz extracelular

tendinea é composta por aproximadamente 70% de agua, com boa parte associada aos



glicosaminoglicanos, proteinas importantes para a viscoelasticidade tendinea, garantindo
reducdo de energia metabdlica durante a locomocdo (Kjaer, 2004), além de
proteoglicanos, glicoproteinas de adesao e proteinas fibrosas (colageno e elastina) (Kjaer,
2004; Wang, 2006). O principal constituinte dessa matriz € o colageno, que representa
60-85% do peso seco do tendao, arranjado paralelamente na direcdo de aplicacéo da forca
do musculo, em fibras resistentes as tensdes, garantindo a integridade estrutural do tecido
(Kjaer, 2004; Wang, 2006).

Estudos in vitro (Heinemeier e Kjaer, 2011) foram as primeiras evidéncias de que,
assim como nos musculos, as dimensdes e propriedades mecanicas dos tenddes se alteram
dependendo do nivel de atividade a que sdo submetidos, incluindo o desuso, que acarreta
reducdo da rigidez tecidual, da area de seccdo transversa e espessura do tenddo
(Maganaris et al., 2006; Ninomyia et al., 2007; Couppe et al., 2008; Hogaboom et al.,
2016). Kubo et al. (2004) relataram alteracGes significativas, com reducdo de até 30% na
rigidez e na histerese das estruturas do tenddo humano nos extensores do joelho apés 20
dias de desuso. Periodos mais longos de desuso (maiores que 90 dias) produziram reducao
mais significativa na rigidez do tendao, atingindo o nivel de 60% (Kubo et al., 2004;
Reeveset al., 2005). Entretanto, apenas um Unico estudo documentou alteracfes nos
tendGes apds a LM, sugerindo que a area transversal do tenddo pode diminuir apés LM e
que longos periodos de desuso (mais de 90 dias) produziram maiores reducdes na rigidez
do tenddo (Maganaris et al. 2006). Isso sugere que o desuso severo pode comprometer
seriamente a integridade do tendao, predispondo-o a rupturas e micro lesées. Sdo escassos
estudos que abordem o comportamento tendineo em pacientes com LM através da
ultrassonografia (Dudley-Javoroski, 2010).

1.4. Teste de Eletrodiagnostico por Estimulo na Lesdo Medular

Os exames eletrofisiologicos mais utilizados na busca por comprometimentos
neuromusculares sdo os estudos da conducdo nervosa, a eletromiografia e os potenciais
evocados, os quais fornecem informacOes detalhadas sobre o sistema sensério-motor,
desde as regides corticais as unidades motoras ou terminagdes sensoriais. A maioria
destes testes ndo € invasiva e fornece evidéncias sobre como a conducgdo nervosa em
segmentos afetados da medula espinhal melhora espontaneamente ou por meio de
intervencdes terapéuticas, bem com mostra alteragdes secundarias (Petersen et al., 2017).
Sob esse prisma, foi mostrado que o desfecho clinico e o retorno a marcha ap6s uma LM



podem ser preditos pela avaliacdo do potencial evocado motor do musculo tibial anterior
(Petersen et al., 2012), enquanto que Van De Meent et al. (2010) e Riley et al. (2011)
mostraram por meio do potencial de acdo motor composto que a LM gera déficits
consideraveis nos nervos periféricos de motoneurdnios localizados abaixo dos
seguimentos da les&o.

Entre os véarios meios de avaliagdo das alteracOes eletrofisioldgicas, esta o
eletrodiagnostico de estimulo (SET). Além do seu uso para fins de avaliagdo, o0 SET € o
unico recurso disponivel para estabelecer as condicOes ideais de eletroestimulacdo
terapéutica, garantindo o uso do pulso elétrico mais adequado para o tratamento de uma
lesdo especifica (Ervilha et al., 1997). E um método n&o invasivo de monitoramento de
condigdes neurais, que se fundamenta na verificagcdo do padrdo de contracdo muscular
produzida por varios parametros de Estimulacdo Elétrica Neuromuscular (NMES)
(Ervilha et al., 1997), que mensura a reobase, cronaxia, acomodacdo e indice de
acomodacéo (Paternostro-Sluga et al., 2002; Schuhfried et al., 2005; Lee et al., 2013). A
reobase é a menor intensidade de corrente em miliampéres (mA) necesséria para produzir
uma contracdo minima do musculo, com pulso retangular de duracgéo infinita e intervalo
entre os pulsos igual a 2000 ms. A cronaxia € a menor duracdo de pulso, necessaria para
produzir uma contragdo minima do masculo com um pulso quadrado, intensidade igual
ao dobro da reobase com intervalo entre os pulsos de 2000 ms (Irnich, 2010). A
acomodacdo é a menor intensidade necessaria para produzir uma contracdo muscular,
sendo o pulso de formato exponencial e largura infinita, ou seja, é a propriedade que o
muasculo responde apenas com altas intensidades a pulsos de crescimento lento
(exponencial). Ja o indice de acomodacédo é a relacdo entre a acomodacdo e a reobase
(Paternostro-Sluga, 2002).

A contracdo do muasculo normalmente inervado é forte e ocorre com um estimulo
de baixa duracdo, enquanto que o muasculo desnervado requer maior duracao de corrente
e apresenta contracdo lenta e involuntarias. Os resultados desse teste permitem elucidar o
diagnostico diferencial entre lesdo do sistema nervoso periférico e lesdo do sistema
nervoso central (Holland, 2012). Seguindo este principio, a desnerva¢do muscular resulta
na dificuldade de despolarizacdo das fibras dos musculos e, consequentemente, gera um
aumento da reobase e da cronaxia, pois o limiar do sarcolema é maior que o do nervo
periférico.

A cronaxia é o parametro de SET sensivel e Gtil a ser usado para avaliar o processo

de recuperacdo/regeneracdo nervosa, permitindo a escolha da dura¢do do pulso para



estimulacdo (Paternostro-Sluga et al., 2002). A corrente induzida em tecidos biologicos
deve ter amplitude e duragdo suficientes para levar células excitaveis a uma tensdo
suficiente para evocar um potencial de acdo (Schuhfried et al., 2005). Com base na
mensuracdo da cronaxia, 0 ajuste dos parametros na NMES para a estimulacdo do
musculo pode ser otimizado, onde a identificacdo do valor da cronaxia indica a duracao
do pulso ideal para estimular o tecido muscular (Geddes et al., 2004; Schuhfried et al.,
2005). Um aumento da cronaxia € indicativa de desnervacdo da fibra muscular (Fernandes
et al., 2016). Os disturbios eletrofisiologicos neuromusculares (NED) também podem ser
diagnosticados pelo SET, que apresenta sensibilidade variando de 88% a 100% quando
comparado a eletromiografia por agulha. Valores de cronaxia >1000 us caracterizam a
presenca de NED (Paternostro-Sluga et al., 2002).

Estudos anteriores de conducdo nervosa e eletromiografia invasiva (Rosen et al.,
1969; Campbell et al., 1991; Kirshblum et al., 2001; Shin-Yi Lin et al., 2007) encontraram
atividade espontdnea nos testes eletromiograficos em pacientes com LM. Eles
descobriram, evidenciado por fibrilagbes e potenciais de ondas agudas positivas no
exame, tanto nas fases aguda e cronica da lesao, indicando fibras musculares desnervadas
e consequentemente alteracGes de excitabilidade muscular em individuos com lesdes
medulares completas e incompletas. Kirshblum et al. (2001) também demonstrrarm uma
reducdo na velocidade de condugéo nervosa e no potencial de agdo muscular quando
comparados a um grupo pareado nos musculos vasto medial, iliopsoas, tibial anterior,
gastrocnémio medial e paraespinhal lombar. A atividade esponténea foi registrada em
pelo menos um dos musculos testados em 92% dos individuos. O maior efeito na
amplitude da forma de onda nervosa sugere um envolvimento axonal predominante.
(Kirshblum et al., 2001; Shin-Yi Lin et al., 2007).

As alteracdes da excitabilidade podem ndo apenas prejudicar a condugédo nervosa,
como os protocolos clinicos do NMES. Arpin et al. (2019) sugerem que, individuos com
LM, que nédo respondem aos protocolos convencionais de NMES, se beneficiariam de
larguras de pulso maiores (500 e 1.000 ps), causando maior ativagdo central no
recrutamento de mais unidades motoras sem alterar a velocidade média de conducdo das
fibras musculares. Pacientes com NED podem precisar de NMES com largura de pulso
>1000 ps. Alguns autores sugerem que a largura de pulso usada para tratar pacientes com
NED deve ser definida com base em cronaxia (Silva et al., 2017; Arpin et al., 2019). O
tratamento NMES com base na cronaxia pode provocar contragfes mais vigorosas e,

assim, pode melhorar a eficicia do tratamento (Silva et al., 2017).
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Da mesma forma, Guimaraes et al. (2016) também sugeriu que a ndo responsividade a
NMES pode nédo apenas estar associada a atrofia muscular e disfun¢fes do nervo motor
devido ao tempo de lesdo, mas também a danos nas fibras motoras descendentes de
neurdnios motores localizados no cértex motor (sindrome de desconexao). Individuos ndo
responsivos a NMES podem apresentar danos as vias motoras periféricas, em outras
palavras, localizadas nas raizes nervosas e/ou nos axdnios dos neurdnios motores
(Guimaraes et al., 2016). Isso precisa ser levado em consideragéo no projeto de protocolos

de estimulacao elétrica para fins de reabilitacdo e experimental



11

2. OBJETIVOS

2.1. Objetivo Geral

Detectar alteragdes na funcdo neuromuscular e na estrutura musculoesquelética
nos musculos paralisados com inervacgdes preservadas em individuos com lesdo medular

traumatica e comparar com pessoas sem leséo.

2.2. Objetivos Especificos

3.1.1. Analisar a excitabilidade neuromuscular, considerando a cronaxia,
reobase, acomodacao e indice de acomodacéo, nos musculos biceps braquial,
quadriceps e tibial anterior de individuos com lesdo medular traumaética;

3.1.2. Analisar a arquitetura muscular, incluindo espessura, ecogenicidade,
angulo de penacdo e comprimento fascicular nos musculos, biceps
braquial, quadriceps e tibial anterior em individuos com lesdo medular
traumatica;

3.1.3. Analisar a arquitetura tendinea, compreendendo a espessura e a
ecogenicidade, nos tenddes quadricipital e patelar em individuos com
lesdo medular traumatica;

3.1.4. Auvaliar a reprodutibilidade inter-observador do SET e ultrassonografia

musculotendinea em individuos com lesdo medular traumatica.

2.3 Hipotese

A presenca de atrofia muscular crénica em individuos com LM promove alteragbes na
arquitetura muscular, observadas pela reducdo da espessura, aumento da ecogenicidade e
diminuicdo do angulo de penacdo e comprimento fascicular, associado a alteracfes na

excitabilidade neuromuscular relacionada a presenga de NED.
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1. Introduction

Central nervous system diseases include brain or spinal cord injury (SCI) impairments
and may result in movement disorders almost always manifested by paralyzed muscles
with preserved innervations (1). Muscle atrophy occurs predominantly in the acute phase
after SCI (<3 months post-injury) (Gorgey and Dudley, 2007). In the first month after the
injury, muscle thickness, measured by ultrasound, decreases by up to 40%, it being
reasonable to indicate the period of up to three months as the “early stage” of disuse
paraplegia (2, 3). Ultrasound allows the visualization of the muscle, nerve, and adjacent
structures and can offer real-time information in the process of muscle wasting due to
atrophy after SCI (3, 4).

Muscle architecture evaluated by ultrasound provides information on the thickness,
echogenicity, pennation angle, and fascicular length (5-7). Muscle thickness is related to
the muscle cross-sectional area and is defined as the point with the largest muscle
diameter (8-11). Muscle echogenicity is associated with muscle quality, representing the
composition of the musculature against the infiltration of non-contractile tissue, such as
adipose or fibrous tissue, water, and edema, being quantified by gray-scale analysis (12,
13). In turn, pennation angle is defined as the angle between the muscle fiber
perpendicular to the longitudinal axis of the muscle fibers (8, 13). If the muscle is pennate,
it contains more fibers in parallel and, consequently, more contractile fibers. The
fascicular length, which is an estimate of the muscle fiber length, is defined as the fascicle
length and the superficial and deep aponeuroses and indicates a length interval in which
the muscle is capable of actively producing force (8, 14).

Likewise, tendons can also be affected after SCI for being a very relevant structure
that allows muscle-bone load transmission. With advances in ultrasound, the effects of
disuse on the mechanical properties of the human tendon have been studied in vivo (15-
17). However, only a single study had documented changes in tendons after SCI,
suggesting that the tendon CSA may decrease after SCI as well as after long disuse
periods (over 90 days) produced greater reductions in tendon stiffness (4). These facts
indicate that SCI causes substantial deterioration of the structural and material properties
in the tendon, predisposing it to ruptures and microlesions (4, 18).

Previous studies of nerve conduction and invasive electromyography found that
denervated muscle fibers and consequently alterations of muscle excitability in
individuals with complete and incomplete SCI (19-22). Kirshblum et al. (21) also

demonstrated a reduction in nerve conduction velocity and muscle action potential when
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compared to a healthy group in the vastus medialis, iliopsoas, anterior tibialis, medial
gastrocnemius, and lumbar paraspinal muscles. Spontaneous activity was recorded in at
least one of the muscles tested in 92% of subjects. The greatest effect on nerve waveform
amplitude suggests a predominant axonal involvement. However, there is no definitive
finding on neuromuscular function changes observed in individuals with chronic SCI (21,
22).

Among many modalities of evaluating peripheral nerve lesions, the Stimulus
Electrodiagnosis Test (SET) is a non-invasive examination that quantifies the responses
evoked by the nerve and muscle using a neuromuscular electrical stimulation (NMES)
that measured the rheobase, chronaxie, accommodation, and accommodation index (23-
25). Needle electromyography has been indicated as a relevant test to determine
peripheral nerve injury level and their severity (26). Nonetheless, the feasibility of this
test can be low due to the considerable cost, need for a skilled physician, and the inherent
risk of an invasive test (27). Neuromuscular Electrophysiological Disorders (NED) can
also be diagnosed by SET, which presents sensitivity ranging from 88% to 100% when
compared to needle electromyography (23). Chronaxie needs to be taken into
consideration in the design of electrical stimulation protocols for rehabilitation and
experimental purposes (23, 27, 28). Besides, the patterns of muscle atrophy and other
mechanisms for non-responsivity to neuromuscular function parameters have not yet been
elucidated after SCI.

Therefore, the purpose of this study was to detect changes in musculoskeletal
structure and neuromuscular function of the paralyzed muscles of individuals with SCI
and compare to able-bodied people. We hypothesized that individuals with SCI would
have a reduction in muscle thickness, an increase in echogenicity, and decreases in both
pennation angle and fascicular length than able body participants accompanied by the
presence of NED. Also, SCI would present a reduction in tendon thickness and an

increase in echogenicity.
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2. Methods

2.1. Participants

An observational cross-sectional case-control study was designed to investigate
muscle and tendon structure architecture and NED in individuals with chronic SCI.
Center for Training and Special Physical Education (CETEFE) in Brasilia/DF hosted
participants and researchers during all steps of the data collection. The participants were
informed of the procedures, purposes, benefits, and risks of the study and signed an
informed consent form. The research was approved by the Human Research Ethics
Committee at the University of Brasilia/Faculty of Ceilandia (protocol number:
82655418.2.0000.8093) and was conducted following the Helsinki Declaration (1975).

A convenience sample of 30 participants of both sexes, between 18 and 60 years

of age, volunteered to participate. Complete or incomplete SCI participants with injury
time over 3 years were included, according to a previous clinical diagnosis and the
American Spinal Injury Association (ASIA) (29), and injury level below C5, where there
Is no impairment of brachial biceps innervation. We recruited an able-bodied group with
similar anthropometric and demographic outcomes, excluding participants with a body
mass index (BMI) > 35 kg/m?; pregnancy; pain, lesion, deformity or amputation in the
regions to be examined; conditions affecting muscle morphology or neuromuscular
excitability; ankylosing spondylitis, rheumatoid arthritis, type 2 diabetes mellitus,
hypercholesterolemia, associated neuromuscular disease, severe heart disease (Gea,
2013), isolated obstructive pulmonary disease; cognitive impairment, chemical
dependency, psychiatric illness, or behavioral problems that would make cooperation
with procedures difficult (18).

2.2. Study flow

Subjects included in the study underwent stimulus electrodiagnostic testing to record
the chronaxie, rheobase, accommodation, and accommodation index; as well as to take
values of muscle ultrasound parameters (thickness, pennation angle, fascicle length, and
echo intensity) from the biceps brachii (BB), rectus femoris (RF), vastus lateralis (VL),
vastus medialis (VM), and anterior tibialis (TA). Regarding tendon architecture
parameters (thickness and echogenicity), measures from the quadriceps and patellar
tendons were taken. We also performed tests on the BB muscle to confirm whether
individuals with SCI have intact upper limbs. We preceded all data collection bilaterally

for healthy and impaired muscles. During the assessment, the subjects were comfortably
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positioned, supine, on a therapeutic stretcher, with a pillow under their head and a semi-
rigid roll under the popliteal fossa to maintain their knees and hips at 30° flexion. The
neutrality of hip rotation was achieved with a cotton band around the knees. The upper

limbs were in external rotation and 45° abduction.

2.3.Stimulus electrodiagnostic testing

A universal pulse generator (Dualpex 071, Quark Medical LTDA, Piracicaba, Brazil)
was used to assess the five target muscles by mean of a reference electrode (Anode) with
an area of 100 cm?, placed on the ankle for all measurements. With an active pen electrode
(Cathode) with an area of 1 cm?, we located the motor-points as previously described
(30). The minimal current intensity necessary to reach the neuromuscular excitability
threshold applied with a rectangular pulse with an infinite duration (e.g., 1 s), the
rheobase, varied from 0 up to 69 mA (the maximum intensity allowed by the stimulator),
with increments of 1 mA until the point at a slight but visible muscle contraction
appeared. A rectangular pulse width of 1 second and a rest interval of 2 seconds defined
the protocol of stimulation during the assessments (23). In turn, the shortest pulse duration
required to reach the neuromuscular excitability threshold by a current with twice the
intensity of the rheobase represents the chronaxie and values higher than 1000 ps
indicated NED as proposed by Paternostro-Sluga et al. (2002). The stimulator allowed us
to apply pulse width increasing from 20 ps to 1s, using 100 us increments until 1000 ps,
followed by 1000 us increments from this point (23). We applied an exponential pulse
monopolar current with a pulse width of 1000 s to define the accommodation values,
increasing the electrical current from 0 to 69 mA with ImA increments until the visible
muscle contraction. The accommodation values allowed us to calculate the
accommodation index (Al) by the ratio between accommodation and rheobase (Al =

accommodation/rheobase) (23, 28).

2.4. Muscle and tendon ultrasound

Muscle thickness and echogenicity were measured using a portable B-mode
ultrasound device, M-Turbo® (Sonosite, Bothwell, WA, USA), with a frequency linear
array probe (HFL38, bandwidth: 13-6MHz, maximal scan depth: 6 cm). Participants were
placed in the supine position with their knees in hip flexion of 35° and neutral rotation,
10 minutes before the onset of recording. A water-soluble transmission gel was applied

to the measurement site, and a 7.5 MHz ultrasound probe was placed perpendicular to the
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longitudinal plane of the muscle, keeping it parallel to the direction of the muscle
fascicles, while not depressing the skin. Muscle thickness was carried out in the five
muscles (BB, RF, VL, VM, and TA). Probe placements and measurements were
performed according to previous recommendations (8, 31, 32).

The BB muscle (including the underlying biceps brachii muscle) was measured
between the uppermost part of the bone echo of the humerus and the superficial fascia of
the biceps; the probe was placed at two-thirds of the distance from the acromion to the
cubital fossa. The RF (which includes the rectus femoris and vastus intermedius muscles),
VL, and VM were evaluated, respectively, at the percentages 50%, 60%, and 80% of the
distance between the anterior superior iliac spine and the superior border of the patella,
starting from proximal to distal, adapted from Blazevich et al. (8). The RF was visualized
in the anterior aspect of the thigh, the VL was visualized by moving the transducer
laterally 5 cm from the midline, and the VM was visualized with the transducer 3 cm in
the medial direction of the thigh. The thickness of the RF, VL, and VM muscles was
considered as the distance between the superficial fascia and the deep fascia of the
respective muscles (8). The TA was assessed between the interosseous membrane (next
to the tibia) and the superficial fascia of the tibialis anterior; the probe was placed at one-
quarter of the distance from the inferior aspect of the patella to the lateral malleolus
(Figure 1).

Ultrasonographic evaluation of the quadriceps (TQ) and patellar (TP) tendons was
performed. The probe was placed 3 cm proximal to the superior pole of the patella for the
quadriceps tendon (33, 34) and at 25%, 50%, and 75% of the length of the patellar tendon.
The patellar tendon length was measured between the deep insertion in the patella and the
deep insertion in the tibial tuberosity (35). These landmarks were easily visible on the
ultrasonographic image as hyperechogenic regions in bone insertion. The raters
positioned the probe perpendicularly and transversally (axial plane), maintaining constant
depth, gain, and ultrasound settings throughout the data collection period. The thickness
measurement was performed considering the maximum distance between the tendon
contours, including the peritendon (33, 34, 36).

Three images were obtained for each participant. In order to perform the analysis of
muscle and tendon thickness, pennation angle, and fascicle length the software Image J
(Image J version 1.43, National Institutes of Health, USA) was used. Pennation angle was
considered as the angle formed between the deep aponeurosis and the fascicle that rises

from the same aponeurosis. For fascicle length, corrections were made according to the
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recommendations of Blazevich et al. (8). For muscle and tendon echogenicity, a region
of interest was selected in each muscle using the tracing technique to include all visible
muscle in the ultrasonographic image without any bone or surrounding fascia (37). The
mean echogenicity of the region of interest was calculated (8-bit resolution, resulting in
a number between 0 and 255, where black = 0, white = 255) and averaged over the three

measurements per muscle (37, 38).

2.5. Reproducibility of electrodiagnosis and ultrasound

Two examiners were involved in the study, both physiotherapists, with two years of
experience in sonographic evaluation and who had trained extensively for six months in
obtaining images using the study method, as well as performing electrodiagnosis. SET
and ultrasound data from each participant were obtained at the same time of day by the
evaluators, who did not have access to each other's measurements. To verify the
reproducibility of the SET, each examiner individually searched for the motor point and

other measurements.

3. Statistical analysis

The quantitative variables were respectively expressed as mean and standard
deviation (mean = SD) or frequency distribution. The Shapiro-Wilk test was used to
investigate whether the data were normally distributed. As all included variables were
normally distributed, parametric statistics were performed, except the chronaxis, where
median and interquartile range were used. Clinical data were collected individually before
ultrasound and SET collections. The severity and level of the injury was categorized
according to the ASIA. The muscle architecture (thickness, pennation angle, fascicle
length, and echo intensity) were assessed by two-way ANOVA with “Type of muscle”
(five levels: BB, RF, VL, VM, and TA) and “groups” (two levels: control and spinal cord
injury groups) as factors. Chronaxie was assessed by Kruskal Wallis test. For all tests, the
significance level was set at p<0.05. Post-hoc analyses (Tukey HSD tests) were
performed when appropriate. Tendon architecture (thickness and echo intensity) was
assessed using the unpaired t-test. To assess the presence or absence of NED, we used the
Mann-Whitney test, represented by bar and boxplot graphs. Additionally, statistical
power and effect sizes were calculated. Sperman correlation was used to assess
correlations between the chronaxie and US variables in muscles and tendons. For the

intraclass correlation, the sample consisted of 11 subjects, where three images of each
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variable were obtained and calculated through the mean of the measurements of the two
evaluators. To interpret the magnitude of the correlation coefficients (ICC) was classified
by the scale suggested by Lee et al (2012): 0 (absence), 0-0.19 (poor), 0.20-0.39 (weak),
0.40-0.59 (moderate), 0.60—0.79 (substantial), and > 0.80 (almost complete). Effect sizes
were determined using partial eta squared (n,%) for ANOVA. Effect sizes and statistical
power were calculated. Effect size was determined using partial eta squared (np2): small
(mp2 =0.01), medium (np2 = 0.06), and large (np2 = 0.14) effects. All statistical analyses
were performed using the software STATISTICA StatSoft Inc., Tulsa, Oklahoma, USA).

The significance threshold was set at P<0.05 for all procedures.

4. Results

Fifteen individuals with SCI participated in this study, 80% male, with a mean age
36.8 +8 years, weight 69.7 £11.8 kg, height 1.72 £0.08 cm. In addition, fifteen able-
bodied individuals participated, 80% male, mean age 32.1 + 6.5 years, weight 77.5 £13.0
kg, height 1.70 £0.09 cm. There were no significant differences for groups’ demographic
data. The characteristics of the SCI group are shown in Table 1. No selected individuals

met the exclusion criteria established in this study.

Table 1: Characterization of the clinical data of the SCI (n =15).

Time since injury (years) 14655
Etiology

Gunshot wound 26.7%
Auto accident 33.4%
Falls 13.3%
Diving 26.7%
Injury Level

Cervical 26.7%
Thoracic 53.5%
Lumbosacral 19.8%
Sport practiced

Badminton 21,4%
Powerlifting 28,6%
Wheelchair rugby 28,6%
Tennis 7,1%
Archery 7,1%
Sailing 7,1%
ASIA impairment scale (n =11)

A 70%
B 10%

D 20%
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Data expressed as mean + SD and proportion. ASIA,
American Spinal Injury Association.

4.1.Muscle architecture

There were no significant differences in muscle thickness (p<0.796), echogenicity
(p<0.946), pennation angle (p<0.888), or fascicle length (p<0.261) when comparing
ultrasound variables between the right and left sides in SCI. Regarding muscle thickness,
the comparison between the groups showed a significant muscle versus impairment
interaction (F=2.96, p<0.022, power=0.77, np2=0.095, ICC 0.91 (p<0.05), Figure 2),
there was no difference in the BB muscle between the control and SCI groups (p>0.068).
In the RF (p<0.00015), VL (p<0.00016), VM (p<0.00016), and TA muscles (p<0.0007),
significant differences were observed when comparing the thickness between the able-
bodied subjects and SCI. The comparison of the muscle thickness of the BB (muscles
with preserved innervation in the sample) showed significant results in the muscles: RF
(p<0.00018), VL (p<0.00019), VM (p<0.00015), and TA (p<0.00016).

A similar significant muscle versus impairment interaction was observed for muscle
echo intensity between groups (F=6.74, p<0.0001, power=0.99, np2=0.19, ICC 0.90
(p<0.05), Figure 2). There was no difference in the BB muscle between the groups
(p>0.999). In the RF (p<0.00072), VL (p<0.00015), VM (p<0.00038), and TA
(p<0.00017) muscles, there was a significant difference when comparing the echo
intensity between the able-bodied subjects and SCI. The comparison of the biceps brachii
of the SCI, as well as the muscular thickness, presented significant results in the muscles:
RF (p<0.016), VL (p<0.00015), VM (p<0.012), and TA (p<0,00015).

In the pennation angle, the comparison between groups showed a significant
interaction between muscle versus impairment (F=5.52, p<0.0001, power=0.93,
np2=0.16, ICC 0.89 (p<0.05), Figure 2). There was a significant difference when
comparing the pennation angle between the able-bodied subjects and SCI in the muscles:
RF (p<0.0014), VL (p<0.0001), VM (p<0.0001), and TA (p<0.032). For the fascicle
length, the comparison between the groups showed a statistically significant muscle
versus impairment (F=2.71, p<0.0497, power=0.99, np2=0.24, Figure 2). A significant
difference was observed when comparing fascicular length between the able-bodied and
SCI in the muscles: RF (p<0.0159) and TA (p<0.0450). Significant differences were
found in the comparison of the RF muscle with the VM (p<0.0001), VL (p<0.0167), and
TA (p<0.0001), as shown in Figure 2.
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4.2.Tendon architecture

There were no significant differences in tendon thickness (p<0.927) and echogenicity
(p<0.403) between the right and left sides of the SCI. In the tendon architecture, there
was a significant difference in the TQ thickness variable when compared to the able-
bodied (p<0.046, power=0.72, effect size D=0.84, Figure 4). There were no significant
differences in the comparisons between groups of variables: TQ echogenicity (p<0.090,
power=0.57, effect size D=0.68), TP echogenicity (p<0.067, power=0.60, effect size
D=0.71), and TP thickness (p<0.101, power=0.51, effect size D=0.63), as shown in
Figure 4. For the tendon ultrasound variables, the following ICCs were found:
0.89thickness and 0.93 echogenicity for quadriceps tendon (p<0.05), 0.92 for thickness
and 0.96 echogenicity for patellar tendon (p<0.05).

4.3. Neuromuscular electrophysiological disorders

Regarding chronaxie values, significant differences were demonstrated between
muscle versus impairment (F=15.58, p<0.0003, power=0.97, np2=0.16, ICC 0.87
(p<0.05), Figure 4). In the able-bodied group, there was no difference between the
chronaxie when comparing the different muscles. Between the SCI and able-bodied
groups, significant differences were found in the RF (p<0.000), VL (p<0.000), and VM
(p <0.009) muscles. Comparison of the BB chronaxie of the SCI showed significant
results in the muscles: RF (p<0.00015), VL (p<0.00016), VM (p<0.00020), and TA
(p<0.0032). Regarding the accommodation index, no significant results were found
between the groups in the different muscles (p>0.184).

The prevalence of NED between the able-bodied and SCI groups is shown in Figure
5. The SCI had an prevalence of NED of 33.3% (5/15) in the RF and VL muscles and
26.6% (4/15) in the VM and TA muscles, Figure 4. The BB did not present NED in the
SCI or the control.
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Significant linear correlations were found between the chronaxie and ultrasound
variables, as shown in Figure 4; negative correlations between chronaxie and muscle
thickness in RF (P = - 0.590, p = 0.001), VL (P = - 0.598, p = 0.000), and VM (P = -
0.572, p = 0.001), in Figure 5A. Positive correlation between chronaxie and muscle
echogenicity in RF (P = 0.612, p = 0.000), VL (P = 0.663, p = 0.000), VM (P =-0.437, p
= 0.016) and TA (P = 0,409, p = 0.025), in Figure 5B. Negative correlations between
chronaxie and penetration angle in RF (P =-0.549, p =0.002), VL (P =-0.495, p = 0.005),
and VM (P =- 0.609, p = 0.000), in Figure 5C.

Significant positive linear correlations were found between quadriceps tendon
thickness and muscle thickness in VL (P = 0.441, p = 0.015), VM (P = 0.659, p = 0.000),
and TA (P = 0.698, p = 0.000). Positive correlations were also found between patellar
tendon thickness and muscle thickness in VL (P = 0.420, p = 0.021), VM (P = 0.599, p =
0.000), and TA (P = 0.650, p = 0.000).

5. Discussion

The main findings of this study are in accordance with the initial hypothesis that SCI
promotes alterations in the muscle and tendon architecture, observed through the
reduction in thickness, increase in echogenicity, and decrease in both pennation angle and
fascicular length. Monitoring changes in muscle and tendon architecture associated with
NED alterations may lead to early detection and better quantification of muscle loss, as
well as appropriately targeting appropriate rehabilitation of SCI patients.

It was demonstrated that SCI participants presented lower values of thickness,
pennation angle, and fascicle length, and higher values of echogenicity when compared
to able-bodied participants. The current study found significantly lower values in RF, VL,
VM, and TA muscle thickness (reduction of nearly 40% in comparison with healthy
muscles). Similar results were observed in studies which used magnetic resonance
imaging techniques in individuals with SCI (39-41). In addition, there is growing interest
in mensuration of muscle quality alterations (echogenicity), particularly in the process of
muscle disuse. An increase in echogenicity was demonstrated in this current work,
resulting in whiter or sparkler muscle (hyperechoic) (42, 43). It is possible that the
increased echogenicity could be related to the type of musculotendinous involvement
which SCI individuals are exposed to, such as prolonged immobility or atrophy caused
by disuse, systemic inflammatory response, fat deposition on musculature, and muscle

tissue replacement by fibrosis (6, 44).
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In the current study, the loss of muscle thickness was correlated with a significant
reduction in the pennation angle of fascicular musculature and fascicle length. Regarding
the pennation angle, our results showed lower values in the RF, VL, VM, and TA muscles,
when compared to the paired group. There was no evidence that SCI subjects had muscle
fascicles or pennation angle shorter. Some studies, such as the Morse et al. revealed a
decay of 12% in the gastrocnemius muscle pennation angle in older individuals (45).
Turton et al. demonstrated a decrease in VL pennation angle, after 5-10 days of prolonged
immobility in intensive unit therapy and with the use of invasive mechanical ventilation
(11). Diong et al. (46) demonstrated that pennation at fascicle length in gastrocnemius
muscle was significantly less in SCI than control subjects, corroborating with the present
study. These findings are consistent with other data showing that atrophy causes a
reduction in pennation (11,45) and that the contribution of pennation to effective fascicle
length is small. Interestingly, the pennation angle is related to the ability to store more
contractile components at a given volume and can generate greater force with angles up
to 45 degrees (47). If the reduction in the pennation angle leads to decay in force
generation, this may help to explain muscle weakness associated with functional
modifications due to the injury level in individuals with SCI (47). In addition, we
demonstrated that in RF, VL, VM, and TA muscles, the muscle thickness and pennation
angle are related to and support previous studies which stated that muscles with greater
thickness could generate more force due to their greater pennation angles and,
consequently, larger cross-sectional areas (11, 47). Since pennation angle is directly
related to the force generation properties (14, 48), our results suggest that the pennation
angle should be monitored in individuals with SCI.

Although muscle adaptations after SCI have been extensively studied (39, 49-51),
tendon remodeling remains largely unknown in this population. Dudley-Javoroski et al.
(18) evaluated the patellar tendon and Achilles tendon in individuals with SCI but did not
detect differences in tendon thickness. Individuals with chronic SCI were reported to have
a 17% lower patellar tendon CSA as well as tendon stiffness and Young’s modulus
diminished by 77% compared to the able-bodied subjects (4). We did not assess the
deterioration in tendon biomechanics (tendon stiffness and Young’s modulus) due to
difficulty in performing force measurements in our participants, which limit the
comparison between our results to the Maganaris et al. (4). It is possible to suggest that
as these tendons become stretched with prolonged use of a wheelchair, which keeps the

knee flexed continuously at 90 degrees and this particular position can benefit the patellar
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tendons of people with SCI (4). Future research is needed to elucidate the role of the joint
position in the deterioration of human tendon through disuse, providing information
pertinent to clinical practice and relevant applications, such as plaster placement and
proper support in wheelchair design.

SET is potentially indicated to be used as an initial medical screening to evaluate the
presence of NED and may also serve to instruct additional, more specific, and complex
examinations (27). As far as we know, we are the first study to investigate the prevalence
of NED using the SET tool in individuals with chronic SCI participants. The RF and VL
muscles present more marked development of NED (33.3%), followed by VM and TA
muscles, with 26.6%. Notwithstanding, no significant differences were found in TA and
BB muscles. Silva et al. (27) showed a higher prevalence of NED in TA in critically-ill
individuals. Likewise, Fernandes et al. (28) demonstrated that the chronaxie increased in
neurorrhaphy of the ulnar nerve that could be related to a negative response to the
treatment and/or indicate a decline in functional condition. The discrepancy between our
results compared to Silva et al. (27) and Fernandes et al. (28) could be related to the
different disease and their time-course assessment between trials.

NMES has been used to stimulate paralyzed skeletal muscle in people with SCI. The
primary purpose of NMES has been to reverse losses in skeletal muscle mass and improve
functionality in people with incomplete paralysis (52-55). Excitability changes may not
only impair nerve conduction, such as NMES clinical-like protocols. Recently, Arpin et
al. (55) suggest that wide pulse widths (500 and 1,000 ps) would benefit for unresponsive
SCI subjects when compared to conventional NMES protocols (short pulse widths). It
seems that wide pulse widths cause greater central activation in the recruitment of more
motor units without alteration of the average conduction velocity of muscle fibers Arpin
et al. (55). Likewise, Guimaraes et al. (56) also recommended that non-responsivity to
NMES may not only be associated with muscle atrophy and motor nerve dysfunctions
due to a long time of injury, but also to damages to descending motor fibers of motor
neurons located on the motor cortex (disconnection syndrome). Non-responsive
individuals to NMES may present damage to peripheral motor routes — in other words,
located on the nerve roots and/or on the motor neuron axons (56).

Interestingly, there are several reports in the literature of non-responder individuals
to NMES, which is considered a gold standard intervention to induce substantial gains in
muscle mass for people with SCI (53-55). We suggest that these changes in excitability

may be related not only to changes in musculotendinous architecture but also to
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unresponsiveness in this population. Some of the excitability changes obtained from SCI
individuals may suggest that a degree of axonal depolarization was present in their
peripheral nerves (22). Several mechanisms are involved in the injury and secondary
processes, which may have contributed to such changes, including ischemia (acute and
chronic) and abnormal ionic shifts across cell membranes (22). Future studies should be
conducted with more personalized and specific treatments, such as chronaxie-based
NMES in SCI individuals (28).

Some limitations should be addressed in our study. This was a single-center study
with SCI participants; thus, the findings may not be generalizable to different settings and
SCI patients. Also, it was not assessed muscle atrophy with the cross-sectional area
measurement. Another limitation of the study is that the tendon length was not measured,
which may be altered in individuals with alterations in the central nervous system (46).
The present results may under-estimated muscle atrophy, as recently described during
sepsis (57). However, despite the higher sensitivity of the cross-sectional area compared
with thickness, we were able to detect significant statistical differences with excellent
reliability. Also, it was not evaluated the mechanical and material tendon proprieties
which limit the comparison amongst trials. Future studies with SET should be developed
in order to investigate the presence of NED using larger samples size, using major clinical
outcomes in other clinical populations.

In conclusion, muscles and tendons maladaptation under the lesion level occurs
globally in individuals with chronic SCI. The increased chronaxie values and the higher
NED prevalence for SCI seem to play a critical role in the maladaptation of muscle and
tendon architecture, revealing a possible acquired peripheral neuropathy.
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Figure 1. Muscle thickness measurement sites in the able-bodied group (A) and in the spinal cord injury group (B), in the biceps brachii muscles;
rectus femoris; vastus lateralis, vastus medialis and anterior tibialis after image acquisition.
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Figure 2. Bar graphs comparing muscle ultrasonography variables: thickness (A), echo intensity (B),
pennation angle (C), and fascicle length (D), obtained in the BB, RF, VL, VM, and TA, in SCI and
Able-bodied. The difference in BB in the SCI from the other SCI muscles (p <0.05) is represented by
the plus sign (+). Red dotted loops indicate comparisons between muscle groups between SCI and able-
bodied subjects. Significant differences (p <0.05) are represented by an asterisk (*). SCI = Spinal Cord
group; AB = Able-bodied group; BB= biceps brachii; RF = rectus femoris; VL = vastus lateralis; VM
= vastus medialis; TA = anterior tibialis.
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Figure 6. A. Correlation graphs between chronaxis and muscle thickness in RF, VL, VM and TA,;
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4. DISCUSSAO GERAL

Os principais achados deste estudo estdo de acordo com a hipétese inicial de que
a presenca de atrofia muscular cronica em individuos com LM promove alteracGes na
arquitetura muscular, observadas através da reducdo da espessura, aumento da
ecogenicidade e diminuig&o do angulo de penacgdo e comprimento fascicular, associado a
alteragBes na excitabilidade neuromuscular relacionada & presenga de NED. O SET
associado a ultrassonografia muscular e tendinea, sdo recursos que podem ser utilizados
para auxiliar no diagndstico, avaliar o estdgio de uma lesdo nervosa e 0 Seu
comprometimento a curto e longo prazo, além de auxiliar na escolha dos parametros
utilizados na eletroestimulacéo.

Neste estudo, foi demonstrado que os participantes do grupo LM apresentaram
menores valores de espessura, angulo de flexdo e comprimento fascicular e maiores
valores de ecogenicidade quando comparados aos participantes saudaveis. Foram
encontrados valores significativamente mais baixos na espessura nos musculos RF, VL,
VM e TA (reducdo de quase 40% em comparacdo com 0s musculos saudaveis).
Resultados semelhantes foram observados em estudos que utilizaram técnicas de
ressonancia magnetica em individuos com LM (Shah et al., 2006; Giangregorio et al.,
2006; Smith et al., 2017). Além disso, h4 um interesse crescente na mensuracdo de
alteracdes na qualidade muscular (ecogenicidade), particularmente no processo de desuso
muscular. Um aumento na ecogenicidade, como visto anteriormente neste trabalho,
resulta em musculo mais branco ou brilhante (hiperecoico) (Reimers et al., 1993; Berry
et al., 2019). E possivel que o aumento da ecogenicidade esteja relacionado ao tipo de
envolvimento musculotendineo ao qual os individuos com LM estdo expostos, como
imobilidade prolongada, hipotrofia ou atrofia causada por desuso, resposta inflamatéria
sistémica, deposicdo de gordura na musculatura e reposicdo de tecido muscular por
fibrose (Reimers et al., 1993; Parry et al., 2015).

No presente estudo, a perda de espessura muscular foi correlacionada com uma
reducdo significativa no angulo de penagdo da musculatura fascicular e comprimento do
fasciculo. Em relacdo ao angulo de penagdo, nossos resultados mostraram valores mais
baixos nos musculos RF, VL, VM e TA, quando comparados ao grupo pareado. Nao ha
evidéncias de que os individuos com LM apresentem fasciculos musculares ou angulo de
penacdo menor. Alguns estudos, como o de Morse et al. revelaram uma deterioracdo de

12% no angulo de penacdo do musculo gastrocnémico em individuos mais velhos (Morse
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et al., 2005). Além disso, Turton et al. demonstraram uma diminui¢cdo no angulo de
penacdo do VL, apés 5-10 dias de imobilidade prolongada em unidade de terapia
intensiva com uso de ventilacdo mecanica invasiva (Turton et al., 2019). Diong et al.
demonstrou que o angulo de penacdo e comprimento do fasciculo no masculo
gastrocnémio foi significativamente menor na LM do que os individuos controle,
corroborando com o presente estudo (Diong et al., 2012). Esses achados sdo consistentes
com outros dados que mostram que a atrofia causa uma reducéo na penacéo (Morse et al.,
2005; Turton et al., 2019). Curiosamente, o angulo de penacdo esta relacionado a
capacidade de armazenar mais componentes contrateis em um determinado volume e
pode gerar maior for¢ca com angulos de até 45 graus (Aagaard, 2001). Se a perda no angulo
de torcdo levar a deterioracdo na geracdo de forca, isso pode ajudar a explicar a fraqueza
muscular associada a modificacdes funcionais devido ao nivel de lesdo em individuos
com LM. Além disso, demonstramos que nos musculos RF, VL, VM e TA, a espessura
muscular e 0 angulo de penacdo estdo relacionados e apoiam estudos anteriores que
afirmaram que musculos com uma espessura maior poderiam gerar mais forca devido a
seus maiores angulos de penacdo e, consequentemente, maiores areas transversais
(Aagaard, 2001; Turton et al., 2019). Uma vez que os angulos de penacdo estdo
diretamente relacionados as propriedades de geracdo de forca (Lieber e Fridén, 2000;
Sopher et al., 2017), nossos resultados sugerem que o angulo de penacdo deve ser
monitorado em individuos com LM.

Embora as adaptacGes musculares apds LM (atrofia) tenham sido extensivamente
estudadas (Castro et al., 1999; Shah et al., 2006; Kern et al., 2017; Thomaz et al., 2019),
0 remodelamento do tenddo permanece amplamente desconhecido nessa populagéo.
Dudley-Javoroski (2010) e col. avaliaram o tenddo patelar e o tenddo de Aquiles em
individuos com LM, mas ndo detectou diferencas na espessura do tenddo (Dudley-
Javoroski et al., 2010). Apenas no estudo de Maganaris et al. (2006) foi relatado que
individuos com LM cronica apresentaram uma area de seccdo transversal do tenddo
patelar 17% menor do que individuos saudaveis. E possivel sugerir que esses tenddes se
alongam com o uso prolongado de cadeira de rodas, devido ao posicionamento que
mantém o joelho flexionado continuamente a 90 graus (Maganaris et al., 2006). Pesquisas
adicionais sdo necessarias para elucidar ainda mais o papel da posi¢do articular na
deterioracdo do tenddo humano por desuso, fornecendo informacgfes diretamente

pertinentes & pratica clinica e aplicacfes relevantes (Maganaris et al., 2006).
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A deterioracdo na arquitetura do tend@o, como resultado da paralisia, ndo pdde ser
identificada no presente estudo, bem como em Maganaris e colaboradores, 2006. O
tenddo é um tecido metabolicamente ativo, como 0sso e musculo, adapta-se a cargas
mecanica imposta (Dudley-Javoroski et al., 2010). Estudos com atletas saudaveis
(Brumitt e Cuddeford et al., 2015) mostraram uma area transversa do tenddo maior do
que em controles ndo treinados, sugerindo que a exposi¢do crbnica ao exercicio pode
melhorar a arquitetura do tenddo (Dudley-Javoroski et al., 2010). As atividades de
treinamento muscular induzem a sintese proteica de colageno, no entanto, a carga ténsil
insuficiente gera um desequilibrio na matriz extracelular, especialmente no colageno,
levando a mé adaptacdo do tenddo (Maganaris et al., 2017). Dessa forma, pesquisas
futuras envolvendo eletroestimulacdo muscular por um longo periodo podem sugerir
alteracdes tendineas mais benéficas.

O SET é potencialmente indicado para ser usado como uma triagem inicial para
avaliar a presenca de NED e também pode servir para instruir exames adicionais, mais
especificos e complexos (Silva et al., 2018). Até onde sabemos, este trabalho é o primeiro
a investigar a prevaléncia de NED usando a ferramenta SET em individuos com lesdo
medular crénica. Os musculos RF e VL apresentam desenvolvimento mais acentuado de
NED (33,3%), seguido pelos masculos VM e TA com 26,6%. Apesar disso, ndo foram
encontradas diferencas significativas nos musculos TA e BB. Apesar de ndo haver
estatistica significante de NED no TA e no BB, foi observado um aumento da cronaxia
mais especifico para o TA (cronaxia atingindo 1170 ps, em média). Esse ¢ um achado
relevante que pode afetar diretamente o tratamento e os resultados funcionais de pacientes
gravemente enfermos. Por outro lado, Silva et al. (2018) mostraram uma maior
prevaléncia de NED na TA em individuos gravemente enfermos. Além disso, Fernandes
et al. (2016) demonstraram que a cronaxia pode ser usada para monitorar a regeneracdo
neural e que alteragdes na cronaxia aumentou a neurorrafia do nervo ulnar que poderia
estar relacionada a resposta negativa ao tratamento e/ou indicar um declinio na condicéo
funcional. A discrepancia entre os resultados encontrados nesse estudo em comparagao
com Silva et al. (2018) e Fernandes et al. (2016) podem estar relacionados as diferentes
doencas e seu tempo avaliado entre os ensaios e o tempo dessas doencas. E essencial
estabelecer quais musculos e nervos sdo mais afetados e quando ocorrem distdrbios apos
lesdo medular. Assim, tratamentos mais personalizados e especificos, como o0 NMES a
base de cronaxia, podem ser recomendados para pacientes com NED (Fernandes et al.,
2016).
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Os parametros de reobase e cronaxia foram estudados por Lee et al. em pacientes
que sofrem de encefalopatia apds acidente vascular cerebral. Os resultados obtidos para
os lados parético e ndo parético foram comparados, mostrando que os valores de reobase
e cronaxia foram significativamente maiores para o lado parético, o que corrobora o
presente estudo. Pode-se inferir que a reducéo da atividade muscular em casos de paresia,
paralisia e lesdo de nervo periférico contribuiram para a necessidade de maior estimulo
em termos de intensidade e duracdo (Fernandes et al., 2016).

O NMES tem sido usado para estimular o musculo esquelético paralisado em
pessoas com LM. O objetivo principal do NMES é reverter as perdas na massa muscular
esquelética e melhorar a funcionalidade em pessoas com paralisia incompleta (Bickel et
al., 2015 Bochkezanian et al., 2018; de Freitas et al., 2018; Arpin et al., 2019). No entanto,
existem varios relatos na literatura de individuos que nédo respondem ao NMES, que €
considerada uma intervencdo padrdo-ouro para induzir ganhos substanciais na massa
muscular de pessoas com LM (de Freitas et al., 2018; Bochkezanian et al., 2018 Arpin et
al., 2019). Sugerimos que essas mudangas na excitabilidade podem estar relacionadas néo
apenas as mudancas na arquitetura musculotendinea, mas também a nao responsividade
dos individuos com LM a eletroestimulacdo convencional. Algumas das mudangas de
excitabilidade obtidas de individuos com LM podem sugerir que um grau de
despolarizacdo axonal esteja presente em seus nervos periféricos (Shin-Yi Lin et al.,
2007). Varios mecanismos estdo envolvidos na lesdo e nos processos secundarios que
podem ter contribuido para essas alterac@es, incluindo isquemia (aguda e cronica) e
alteracOes i0nicas anormais nas membranas celulares (Shin-Yi Lin et al., 2007). Os
mecanismos por tras da ativacdo central e da ndo responsividade promovidos pelo NMES
ndo sdo bem compreendidos. Estudos futuros devem ser conduzidos com tratamentos
mais personalizados e especificos, como NMES a base de cronaxia em individuos com
LM (Fernandes et al., 2016).

As medidas de espessura muscular do RF, VL e VM se correlacionaram
negativamente com a cronaxia, demonstrando que quanto maior a cronaxia menor a
espessura muscular. Para ecogenicidade muscular foram encontradas correlagoes
positivas nos musculos RF, VL e TA, demostrando que quanto maior a cronaxia, maior a
ecogenicidade. No angulo de penacédo, foram encontradas correlacfes negativas para 0s
musculos RF, VM e TA demostrando que quanto maior a cronaxia, menor o angulo de

penacdo muscular. Pro comprimento fascicular ndo forma encontradas correlagdes
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significativas. Futuro estudos devem ser realizados para elucidar melhor essas correlagdes
e 0 seu impacto na pratica clinica.

Em termos de aplicagdes clinicas, os resultados deste estudo reforcam a
necessidade de uma avaliacdo detalhada, quantitativa e cuidadosamente direcionada de
individuos com lesdo medular cronica. Os resultados também indicam a conveniéncia de
restabelecer uma avaliacdo eletrodiagnéstica associada as variaveis ultrassonograficas na
prética clinica. A cronaxia, especialmente, é um pardmetro valioso que pode ser usado
em avaliacGes durante o processo de recuperagdo. O valor da cronaxia é benéfico para
determinar a duracdo do impulso elétrico utilizado para estimular o masculo e auxiliar na
aplicacdo de um estimulo mais confortavel. A duracdo ideal de um pulso é igual a
cronaxia muscular que ele visa estimular (Spielhoz, 2002). Como o teste de cronaxia
requer o valor de reobase, também temos uma indicacdo de um possivel valor de
intensidade de estimulacdo (Fernandes et al., 2016). Coletivamente, os resultados
apresentados aqui podem ajudar as equipes de reabilitacdo a projetar protocolos de
estimulagdo personalizados para otimizar a aplicacdo clinica da terapia de
eletroestimulacéo.

Vaérios fatores limitam este estudo, a heterogeneidade dos individuos com LM em
relagdo ao nivel e tipo de lesdo medular. Outra limitac&o desse estudo foi a ndo realizacéo
de testes biomecénicos para avaliar a funcdo muscular e tendinea. Estudos futuros com
SET devem ser desenvolvidos para investigar a presenca de NED usando amostras

maiores e em outras populacoes.
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5. CONCLUSAO

Em concluséo, a atrofia por desuso ocorre globalmente em individuos com LM crénica
abaixo do nivel da lesdo, reduzindo a espessura muscular, 0 angulo de penacdo e o
comprimento fascicular e aumentando a ecogenicidade dos musculos e tenddes.
Resultados importantes foram encontradas nesse estudo, inferindo que um aumento nos
valores de cronaxias e a presenca de NED poderia ser um parametro relacionado as

alteracdes na arquitetura musculotendinea.
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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.

Submit with the manuscript permissions to use non-original material (quotations not exceeding 100
words, any graph, table or figure). Permission from both author and Publisher of the original is
required. No article can be finally accepted for publication in Clinical Neurophysiology without all
required permissions. Credit the source in a text or table footnote, or at the end of a figure legend, as
appropriate. Photographs of recognizable persons should be accompanied by a signed release from
patient or legal guardian authorizing publication. Masking eyes to hide identity is not sufficient.

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

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 Author Services.

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.editorialmanager.com/CLINPH/default.aspx.

PREPARATION

Appropriate statistical data analyses and presentation of these results are critically important to
many of the papers submitted to Clinical Neurophysiology. A well designed statistical approach
allows readers to more clearly understand the significance of group differences in neurophysiological
measures and, hence, the clinical and scientific implications of that data. Authors are advised to
check our Editorial on statistical guidelines and note that papers are peer reviewed by a professional
statistician should the need arise.
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During submission, authors of Clinical Neurophysiology will therefore be asked to confirm that they
have read the Editorial and used its recommendations (provided they have used any statistical data
analyses and presentation of their results).

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to a minimum of
one independent expert reviewer to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

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.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section humbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line.

Pagination
Please add page numbers for your submission

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

Methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.

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.; in a subsequent appendix,
Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

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

e 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



55

addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.

e 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.

Acknowledgements for personal and technical assistance should be indicated on the title page. This
should include financial support and any conflict of interest. (See Conflict of Interest subsection.)

Manuscripts should be organized as follows: Title page, Abstract, Keywords, Introduction, Methods,
Results, Discussion, References, Legends, and Tables and Figures.

The title page should include the manuscript's title, the initials and names of the authors, and the
place where the work was done. Please do not use more than 135 characters, including spaces,
in the title. The phrase 'with the technical assistance of..." is not acceptable

A structured abstract, by means of appropriate headings, should provide the context or background for
the research and should state its purpose, basic procedures (selection of study subjects or laboratory
animals, observational and analytical methods), main findings (giving specific effect sizes and their
statistical significance, if possible), and principal conclusions. It should emphasize nhew and important
aspects of the study or observations.

Do not exceed 200 words. N.B. for Reviews an un-structured is required. Abstracts should adhere to
the following format: Objective, Methods, Results, Conclusions, Significance. Use of an abstract
should eliminate the need for a summary in the main text.

Highlights

Highlights are mandatory for this journal. They consist of three (3) bullet points (one sentence each)
that convey the core findings of the article and should be submitted as part of the manuscript-file
in the online submission system. See https://www.elsevier.com/highlights or recent publications in
the journal for examples.

The highlights will help the Editors and Reviewers focus on the important issues in the paper - i.e.,
what is really important in the study.They will help the Editors identify suitable Reviewers.They will
help attract readers to the paper.

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.

Avoid abbreviation unless they enhance readability. Define abbreviations that are not standard in
this field in a footnote to be placed on the first page of the article. Such abbreviations that are
unavoidable in the abstract must be defined at their first mention there, as well as in the footnote.
Ensure consistency of abbreviations throughout the article.

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

Footnotes should be avoided. If they are necessary, number them consecutively throughout the article,
using superscript Arabic numbers. Many wordprocessors build footnotes into the text, and this feature
may be used. Should this not be the case, indicate the position of footnotes in the text and present the
footnotes themselves separately at the end of the article. Do not include footnotes in the Reference
list.

Table footnotes

Indicate each footnote in a table with a superscript lowercase letter.

Authors are encouraged to submit aesthetically interesting figures (preferably in colour) for possible
publication on the front cover of an issue of Clinical Neurophysiology. The photograph should at least
be related to the authors' accepted article, but need not be one of the figures appearing in that article.
The ideal format of that figure should be 10 x 15 cm for 1:1 reproduction (or any multiples of the
above).

Electronic artwork

General points

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

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

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

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

¢ Use a logical naming convention for your artwork files.

¢ Provide captions to illustrations separately.

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

e Submit each illustration as a separate file.

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

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:

e 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;

e Supply files that are too low in resolution;

e Submit graphics that are disproportionately large for the content.
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Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.

Colour figures relating to functional neuroimaging with MRI, PET and SPECT may be printed without
cost at the discretion of the Editor who will make the judgement based on the necessity for the colour
and the number of illustrations.

Illustration services

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

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. Explain
in a note all symbols and abbreviations used in the table.

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 and a copy of the title page of the relevant article must be submitted.

Reference links

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 references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M.,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/20011B000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Web references

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

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:

http://open.mendeley.com/use-citation-style/clinical-neurophysiology

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

The EndNote style is available at: http://endnote.com/downloads/style/clinical-neurophysiology.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing data
will be highlighted at proof stage for the author to correct. If you do wish to format the references
yourself they should be arranged according to the following examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of
publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by ‘et al.' and the year of publication.
Citations may be made directly (or parenthetically). Groups of references can be listed either first
alphabetically, then chronologically, or vice versa.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999)... Or, as
demonstrated (Jones, 1999; Allan, 2000)... Kramer et al. (2010) have recently shown ..."

List: References should be arranged first alphabetically and then further sorted chronologically if
necessary. More than one reference from the same author(s) in the same year must be identified by
the letters 'a’, 'b’, 'c', etc., placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer ], Hanraads JAJ, Lupton RA. The art of writing a scientific article. J Sci Commun
2010;163:51-9. https://doi.org/10.1016/j.5¢.2010.00372.

Reference to a journal publication with an article number:

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

Reference to a book:

Strunk Jr W, White EB. The elements of style. 4th ed. New York: Longman; 2000.

Reference to a chapter in an edited book:

Mettam GR, Adams LB. How to prepare an electronic version of your article. In: Jones BS, Smith RZ,
editors. Introduction to the electronic age. New York: E-Publishing Inc; 2009. p. 281-304.
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