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RESUMO
Durante a vida util de mamiferos superiores o sistema nervoso central pode se adaptar

a mudancas no ambiente, por seruma estrutura altamente plastica. A paralisia cerebral
(PC) compreende condi¢cdes neurologicas caracterizadas por anormalidades no
movimento, postura corporal e tdnus muscular, sendo a atrofia e aosteoporose duas das
principais consequéncias. Devido ao fato de a descoberta de mecanismos subjacentes
ao efeito anabolico e neuroprotetor, a creatina passou a ser considerada para o
tratamento de doencas neurodegenerativas que apresentam atrofia muscular e
degeneracao 6ssea. Além disso, quando combinado com uma nutricdo adequada, o
exercicio resistido pode aumentar a for¢ca e amassa muscular. Assim, no presente projeto,
avaliamos osefeitos da creatina, associada ou nao ao exercicio fisico, sobre o
desenvolvimento neuromusculoesquelético em modelo de paralisia cerebral.Foram
utilizados filhotes machos da linhagem Wistar.Os filhotes foram submetidos a dois
episédios de anoxia, no PO e P1. Do P2 ao P28 foi realizada a restricdo sensorio-
motora durante 16 horas, e nas 8 horas restantes foi permitida a livre movimentacao do
animal. Apés o inicio da suplementacdo de creatina (300mg/kg/dia) e do programa de
treinamento resistido, os seguintes grupos foram formados: 1) Controle agua nao treinado
(C-A-NT, n=11); 2) Controle agua treinado (C-A-T, n=11); 3) Controle creatina nao
treinado (C-CR-NT, n=11); 4) Controle creatina treinado (C-CR-T, n=11); 5) Paralisia
cerebral agua nao treinado (PC- A-NT, n=11); 6) Paralisia cerebral agua treinado (PC-A-
T, n=11); 7) Paralisia cerebral creatina nao treinado (PC-CR-NT, n=11); 8) Paralisia
cerebral creatina treinado (PC- CR-T, n=11). Em seguida, foram avaliados: o peso
corporal, o consumo alimentar, a forca muscular maxima, a locomocao avaliada por
catwalk, a capacidade de realizar o treinamento resistido, 0 peso e comprimento da tibia
e a morfologia do nervo ciatico.Nossos resultados demonstraram que a PC ocasionou:
reducdo do peso corporal no periodo pés-natal, diminuicao da forca muscular maxima,
aumento do tempo necessario para realizar uma série no treinamento resistido e
prejuizos na locomocgao. Por outro lado, a suplementacao de creatina, nos animais com
PC ocasionou aumento do peso corporal, da forca muscular e da area maxima de contato
com a plataforma do catwalk. Ainda, nos animais controle, a suplementacao com creatina
aumentou o peso corporal e consumo alimentar. A suplementacdo de creatina pode
melhorar os danos motores associados a paralisia cerebral principalmente quando

aplicada no periodo critico do desenvolvimento.



Palavras-chave:Plasticidade fenotipica.Paralisia cerebral.Exercicio Fisico. Creatina.

Neuroprotecao.



ABSTRACT

[20:22, 10/12/2021] Amor: During the shelf life of higher mammals, the central nervous
system can adapt to changes in the environment, because it is a highly plastic
structure. Cerebral palsy (CP) comprises neurological conditions characterized by
abnormalities in movement, body posture and muscle tone, with atrophy and osteoporosis
being two of the main consequences. Due to the discovery of mechanisms underlying
the anabolic and neuroprotective effect, creatine has come to be considered for the
treatment of neurodegenerative diseases that present muscle atrophy and bone
degeneration. In addition, when combined with proper nutrition, resistance exercise can
increase muscle strength and kneading. Thus, in the present project, we evaluated
the effects of creatine, associated or not with physical exercise, on
neuromusculoskeletal development in a model of cerebral palsy. Male Wistar puppies
were used. The pups underwent two episodes of anoxia, in PO and P1. From P2 to
P28 sensorimotor restriction was performed for 16 hours, and in the remaining 8 hours
the free movement of the animal was allowed. After the start of creatine supplementation
(300mg/kg/day) and the resistance training program, the following groups were formed:
1) Untrained water control (C-A-NT, n=11); 2) Trained water control (C-A-T, n=11); 3)
Untrained creatine control (C-CR- NT, n=11); 4) Trained creatine control (C-CR-T, n=11);
5) Untrained water cerebral palsy (PC-A-NT, n=11); 6) Trained water cerebral palsy (PC-
A-T, n=11); 7) Untrained creatine cerebral palsy (PC-CR-NT, n=11); 8) Trained creatine
cerebral palsy (PC- CR- T, n=11). Then, the following were evaluated: body weight, food
consumption, maximum muscle strength, locomotion evaluated by catwalk, ability to
perform resistance training, tibial weight and length and sciatic nerve morphology. Our
results showed that CP caused: reduction of body weight in the postnatal period,
decrease in maximum muscle strength, increase in the time required to perform a series
in resistance training and losses in locomotion. On the other hand, creatine
supplementation in animals with CP caused an increase in body weight, muscle strength
and maximum area of contact with the catwalk platform. Also, in control animals, creatine
supplementation increased body weight and food consumption. Creatine supplementation
can improve the motor damage associated with cerebral palsy especially when applied

in the critical period of development.



Keywords: Phenotypic plasticity. Cerebral palsy. Physical Exercise. Creatine.

Neuroprotection.
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1- INTRODUCAO

Ao longo de sua vida util o sistema nervoso central de mamiferos superiores
pode se adaptar a mudancgas no ambiente, por ser uma estrutura altamente plastica.
Durante o periodo embrionario e durante os primeiros estagios poés-natais, o
estabelecimento da conectividade neural esta sob controle genético e epigenético.
Em particular durante o periodo critico, os fatores ambientais, podem exercer forte
influéncia na organizacao do cérebro, tanto a curto quanto em longo prazo (CANU et
al.,2012).

O fenétipo de um individuo € a expressao ultima da interagcdo do seu gendtipo
(conjunto de genes) e do ambiente (WEST-EBERHARD et al. 2003), estrutura e
forma (PIGLIUCCI et al., 2006). Um dos fatores mais bem documentado no estudo
da plasticidade fenotipica sdo os fatores nutricionais (DE MOURA et al., 2008). A
mudanca na qualidade e/ou quantidade do aporte nutricional durante periodos
criticos do desenvolvimento, pode resultar em alteragbes permanentes na estrutura
e funcao de 6rgaos (TOSCANO et al., 2008; FERRAZ-PEREIRA et al., 2015), como
a paralisia cerebral (BAX, FLODMARK e TYDEMAN, 2007). Além disso, variados sao
os fatores de riscos que podem levar a PC, como nascimento pré-termo, baixo peso

ao nascer, malformacoes, traumas, infecgbes maternas, asfixia, quedas, entre outros.

Paralisia cerebral descreve um grupo de condicoes
neurodesenvolvimentaisndoprogressivas heterogéneas que afetam o cérebro fetal
ou infantil (BAX, FLODMARK e TYDEMAN, 2007; ROSENBAUM et al., 2007),
incluindo desordens posturais e de movimento que levam a limitagdo da atividade
(KRIGGER, 2006). Recente metanalise encontrou que a prevaléncia mundial de
paralisia cerebral € de aproximadamente 2 a cada 1000 nascidos (OSKOUI et al.,
2013). Os efeitos patoldgicos da paralisia cerebral podem mudar com o tempo
(BLAIR, BADAWI e WATSON, 2007), mas os acometimentos chaves sao
espasticidade, atrofia e fraqueza muscular, desordens de movimento, ataxia, rigidez,
marcha em tesoura e reflexos patolégicos aumentados (KRIGGER, 2006). Num
modelo experimental de paralisia cerebral, os animais apresentam alteracées no
padrao de marcha, nos reflexos motores e no desenvolvimento da locomogao
(STRATA et al., 2004; SILVA et al., 2016).



Também foi observado menor peso corporal e massa muscular relativa, sugerindo
atrofia muscular (MARCUZZO et al., 2008; SILVA et al., 2016). Desta forma, sugere-
se que a paralisia cerebral afeta a manutencdo da massa muscular (STRATA et al., 2004;
MARCUZZO et al., 2008), o que pode ocorrer pelo aumento da degradacgéao protéica
ou reducdo da sintese protéica muscular (ATHERTON et al., 2016). Além disso, a
paralisia cerebral € a condi¢cdo infantii mais prevalente associada a osteoporose
(HOULIHAN; STEVENSON, 2009). A densidade 6ssea ¢ significativamente diminuida, e
as criangcas com paralisia cerebral frequentemente apresentam fraturas dolorosas com
traumas que prejudicam sua funcdo e qualidade de vida (BISCHOF; BASU;
PETTIFOR, 2002; LOHIYA; CRINELLA; TAN-

FIGUEROA, 1999). Assim, prevenir ou melhorar a osteoporose e maximizar a
acumulagado 6ssea durante os estagios criticos do crescimento minimizara os futuros
riscos de fraturas em criangas com paralisia cerebral ao longo da vida. A creatina,
composto formado por trés aminoacidos (glicina, arginina e metionina) (WALKER, 1979),

surge como um candidato.

Evidéncias sugerem que a suplementacédo de creatina pode apresentar efeitos
benéficos no tecido 6sseo (GERBER et al., 2005; CHANG et al., 2008; ANTOLIC et al.,
2007). Experimentos in vitro mostraram que o sistema fosforilcreatina (PCr)
desempenha um papel energético fundamental na diferenciacao e ativagao de células
semelhantes aos osteoblastos (GERBER et al., 2005). Um estudo protedmico indicou que
a creatina quinase (CK) citoplasmatica cerebral apresentou-se elevada durante a
osteoclastogénese, revelando um papel importante da CK na reabsorcdo 6ssea dos
osteoclastos (CHANG et al.,, 2008). Estudos experimentais revelaram que a
suplementacdo de creatina pode melhorar os parametros biomecanicos 6sseos e a
densidade mineral 6ssea (DMO) em ratos Sprague-Dawley (ANTOLIC et al., 2007). Além
disso, a creatina esta associada ao aumento de for¢ca e massa muscular (FARSHIDFAR
etal., 2017), e neuroprotecao, relatada em estudos in vitro e in vivo (BENDER et al. 2005;
GENIUS et al. 2012; LAWLERET al. 2002; O'GORMAN et al. 1997). Os mecanismos
relacionados ao aumento de forca e massa muscular sao diversos, dentre eles,
ativacdo da via alvo de rapamicina em mamiferos, conhecida como mTOR (SAKKAS et
al.,, 2009; WALL; VAN LOON, 2013; DELDICQUE et al., 2007), estimulo anabdlico
pelo efeito osmético (SAFDAR et al., 2008) e secrecdo de miocinas e expressao de

fatores



regulatorios miogénicos (WILLOUGHBY; ROSENE, 2003). Ja os mecanismos pelos
quais esta substancia esta relacionada a neuro protecdo envolvem propriedades anti-
apoptotica, anti-excitotoxica e antioxidante (BENDER et al. 2005; GENIUS et al. 2012;
LAWLERET al. 2002; O'GORMAN et al. 1997). De fato, estudos indicaram que a
utilizacao da creatina pode resultar em beneficios para desordens neuro degenerativas
como Alzheimer, Parkinson e doenga de Huntington (BEAL, 2011; ROSAS et al., 2014;
BREWER; WALLIMMAN, 2000; VIS et al., 2004; MATTHEWS et al., 1998;
MATTHEWS et al., 1999).

Por sua vez, o exercicio € um importante estimulador da remodelagcdo 6ssea e
muscular (EGAN; ZIERATH, 2013; MOREIRA et al., 2014). Evidéncias indicam que
uma das formas de estimular o metabolismo ésseo através de exercicio € utilizando
exercicios de resisténcia (MOREIRA et al.,, 2014). O exercicio de resisténcia &
caracterizado por repetidas séries de contragdes carregadas que resultam no rapido
recrutamento de fibras musculares do tipo 2 e estimulagdo da sintese proteica
muscular (MPS) (EGAN; ZIERATH, 2013; PHILLIPS, 2009). Este tipo de treinamento
gera um estimulo capaz de promover uma resposta osteogénica (TURNER;
ROBLING, 2005). Este mecanismo promove agdées como tensdao, compressao e
torcdo, criando sinais elétricos capazes de estimular o metabolismo &sseo,
aumentando a densidade mineral 6ssea e possivelmente inibindo a reabsorgcao
6ssea (MENKES et al., 1985; IWAMOTO et al., 2013).

Além disso, um grande corpo de evidencias tem demonstrado que o exercicio
fisico tem surgido como uma das principais abordagens terapéuticas nao cirurgicas
para recuperacao da lesao nervosa periférica. Varias modalidades de exercicio tém
sido utilizadas na recuperacdao da lesdao nervosa periférica para auxiliar na
recuperacao funcional e para auxiliar na manutencao das propriedades musculares
durante a paralisia. No entanto ainda faltam trabalhos que padronizem o protocolo de
exercicio a ser utilizado e os resultados estdo relacionados estritamente a
intensidade dos exercicios e a duracdo e numero de repeticdes a ser utilizado. Desta
forma, individuos portadores de paralisia cerebral podem se beneficiar da
suplementacéo de creatina associada ao exercicio devido aos seus beneficios no

metabolismo 6sseo e nervoso periférico.

O tratamento da paralisia cerebral foca no acompanhamento da patologia ja

instalada, e nao na reversdao do problema, desta forma, nenhum dos tratamentos
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atuais propostos corrige o problema (BUDHDEO e RAJAPAKSA, 2011). Assim
pretendemos explorar essa perspectiva de provaveis beneficios da creatina
associada ao exercicio fisico sobre o desenvolvimento ésseo e nervoso periférico em

modelo animal de paralisia cerebral.
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2. REVISAO DE LITERATURA
Plasticidade fenotipica

De forma geral ha periodos em que os sistemas fisiologicos dos mamiferos
passam por periodos de maior vulnerabilidade a agravos quimicos, fisicos e
biologicos (RICE; BARONE, 2000).Essas etapas dependem de processos referentes
ao desenvolvimento neural, tais como proliferagdo, migracdo, diferenciacao,
sinaptogénese, mielinizagao e apoptose (RICE; BARONE, 2000).A importancia que
as modificacbes ambientais podem exercer durante as fases precoces de
desenvolvimento humano e suas consequénciasem longo prazo vem sendo
estudadas no campo de atuacdo da plasticidade neural (JONES; DYSON,
1981).Assim, diversos disturbios neurolégicos podem ser resultado de algum agravo
ocorrido no ambiente durante seu desenvolvimento (BAX et al., 2005).Apesar disso,
as espécies tem demonstrado boa capacidade de reacio através de adaptacbes
genéticas, fisioldgicas, bioquimicas, e morfolégicas as diversas injurias ambientais
(WEST-EBERHARD, 1986; PIGLIUCCI et al., 2006). Esta capacidade demonstrada
tem sido de grande valor, pois tem garantido maior sobrevida e sucesso reprodutivo
da maioria das espécies animais e vegetais (WEST-EBERHARD, 1986; WEST-
EBERHARD, 2003)

E neste contexto que nasce a definicdo de plasticidade fenotipica que diz que
um genoétipo pode expressar mais de um fendétipo, dependendo da sua interagao
com o ambiente, modificando suas caracteristicas como, forma, movimento e padrao
de atividade (GARLAND; KELLY, 2006; PIGLIUCCI et al., 2006). O fenétipo de um
individuo é a expressao ultima da interacao do seu gendtipo (conjunto de genes) e
do ambiente (WEST-EBERHARD, 1986; WEST-EBERHARD, 2003; PIGLIUCCI et
al., 2006).

Alguns pesquisadores consideram o periodo de formacao como preditor no
desenvolvimento dos mamiferos, pois o periodo de crescimento e desenvolvimento
¢ um momento de vulnerabilidade a fatores ambientais que manifestarao
consequéncias a curto e longo prazo que poderao se estender até a vida adulta
(GLUCKMAN; HANSON; BEEDLE, 2007).Tudo isso contribui com o que foi dito em
estudos epidemiolégicos e experimentais, que modificagées do ambiente no inicio da

vida podem originar alteracdes no fenétipo com permanentes repercussoes no

11
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metabolismo, estrutura e fungdo dos sistemas fisiologicos (HALES et al.,, 1991;
TOSCANO et al., 2008).Vale salientar que essas condi¢bes envolvem um grupo de
origens diferentes no que diz respeito aos sinais clinicos e a seriedade do
comprometimento. Sobre isso se incluem os fatores pré-natais (infecgées congénitas,
falta de oxigenacéo etc.); fatores perinatais (an6xia neonatal, eclampsia etc.); e fatores
pos-natais (infecgbes, traumas etc.) (PIOVESANA et al., 2002). Sendo este o caso da
Paralisia Cerebral (MINISTERIO DA SAUDE,2014).

Paralisia cerebral

Descrita inicialmente na Inglaterra, em 1843, por John Little, a paralisia
cerebral foi relatada como um quadro clinico de espasticidade, através de um estudo
desenvolvido com 47 criangas as quais apresentavam quadros diferenciados de
complicagbes ao nascimento, tais como (1) apresentagao pélvica, (2) prematuridade,
(3) dificuldade no trabalho de parto, (4) demora em chorar e respirar ao nascer, € (5)
convulsdes e coma nas primeiras horas de vida (PIOVESANA et al., 2002; MORRIS,
2007). E em 1893 Sigmund Freud identificou trés fatores principais como causa: (1)

materno e congénito (pré-natal), (2) perinatal e (3) pds-natal (MORRIS, 2007).

A Etiologia desta doencga ainda é algo muito discutido e motivo de diferentes tipos
de investigacao em diversos paises que tentam encontrar um fator que seja determinante
para o surgimento da PC. Diversos fatores de risco interagem entre si, sugerindo que
essa € uma doenca multifatorial, sendo assim, ndo foi encontrada nenhuma causa
especifica para ela (PATO, 2002).Diversos campos da saude tém buscado estudar e
propor terapias no intuito de prevenir € minimizar as consequéncias das lesdes
cerebrais, além de potencializar as suas capacidades. Hoje, os estudos sobre
neonatologia tem avancado, o que permite diminuir de forma significativa o risco de morte
de recém nascidos, os quais podem desenvolver comorbidades com maior risco
relacionados a dificuldade de desenvolvimento (CANS et al., 2007; GAMA,
FERRACIOLI, CORREA, 2004).Esta condicdo acomete duas a cada mil criancas em
paises desenvolvidos, sendo a causa mais comum de incapacidade motora crénica na
infancia (HIMMELMANN, 2013). Contudo, vale ressaltar que em paises em
desenvolvimento a incidéncia € maior, pois esses paises reunem condi¢cdes mais

favoraveis a ocorréncia de problemas crénicos como
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a PC (HIMMELMANN, 2013). No Brasil, apesar de ndo existir um dado preciso sobre
a prevaléncia, estima-se que a cada 1.000 criangas nascidas vivas, sete sdo portadoras
de PC (LIMA; FONSECA, 2004), e cerca de 30.000 a 40.000 novos casos ocorrem
por ano (MANCINI et al., 2002). Recente metandlise encontrou que a prevaléncia
mundial de Paralisia Cerebral € de aproximadamente 2 a cada 1000 nascidos (OSKOUI
et al., 2013), tornando-se o motivomais comum de deficiéncia fisica grave na infancia
(O’SHEA, 2008; CANS et al., 2007).

Em recente revisdo, Lacerda et al. (2017) demonstraram que os disturbios
orofaciais sdo encontrados em todos os modelos experimentais, em diferentes espécies,
de paralisia cerebral, 0 que pode ocasionar deficiéncias nutricionais (LACERDA et al.,
2017a). Além disso, deficiéncias nutricionais também podem ser ocasionadas pelos
disturbios da marcha (LACERDA et al., 2017b; SILVA et al., 2016). Estas deficiéncias
podem induzir efeitos permanentes sobre o desenvolvimento neural e imunolégico,
no comportamento alimentar, na aprendizagem e no desenvolvimento e propriedades
do musculo esquelético/metabolismo energético (GEORGIEFF, 2007; MARQUES et al.,
2013; OROZCO-SOLIS et al., 2011; TOSCANO; MANHAES-DE-CASTRO; CANON,
2008).

Assim, a paralisia cerebral € uma condi¢do abrangente que envolve diversas condicbes
etiolégicas e uma série de disturbios que limitam a dependéncia funcional(CLOWRY;
BASUODAN; CHAN, 2014).

Novas modificacbes na area da saude retiram seu foco da doenca e passam a
centrar-se no individuo, no que cerne a identificacdo do impacto funcional como
consequéncia de condicdes como a paralisia cerebral (MANCINI, 2011).Essas
modificacdes sao resultado da ampliacdo de novos padrdes de classificacdo, métodos
avaliativos e intervenc¢des que induzam a interagdo da pessoa com o ambiente, tornando
mais amplo e mais completo os parédmetros de atencdo a saude da pessoa com
paralisia cerebral ROSENBAUM et al., 2007; MANCINI et al., 2012).

A paralisia Cerebral também pode ser chamada de encefalopatia crénica nao
progressiva. Refere-se a um grupo heterogéneo de condi¢cdes que se desenvolvem com
alteracbes motoras centrais, afetando a postura, os movimentos e o tdbnus muscular,
tornando-se a causa mais frequente de deficiéncia motora na infancia. E decorrente de

danos permanentes no cérebro durante o seu desenvolvimento e se
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apresenta de diversas formas com relagcdo a distribuicdo corporal da leséo, e

sintomas clinicos associados (PEREIRA, 2018).

As Criangas com PC tém como principal caracteristica trés fatores que influenciam
no seu desempenho funcional: comprometimento motor, postural e do tdnus muscular.
A PC pode ser classificada pelo tipo de disfuncdo motora e pelo tipo de topografia dos
prejuizos. Sobre a disfuncdo motora inclui-se os tipos extrapiramidal ou discinético
(atetdide, coréico e distdnico), ataxico, hipotdnico e piramidal ou espastico e sobre a
topografia inclui-se a tetraplegia ou quadriplegia, monoplegia, paraplegia ou diplegia e
hemiplegia, ou seja, estda muito mais relacionado a localizacdo corporal afetada,

enquanto a anterior esta relacionada ao quadro clinico resultante (DOS SANTOS, 2014).

Disturbios sensoriais, de percepgdo, cognitivos, comportamentais e de
comunicagao, podem acompanhar as desordens motoras da PC, além de epilepsia e
problemas musculo esqueléticos secundarios (ROSENBAUM et al., 2007). Estes
disturbios podem estar presentes ou ndo, assim como pode existir ou ndo a associag¢ao
entre disturbios motores e cognitivos, podendo ser diminuidos com a utilizagdo de
instrumentos adequados a pessoa com PC (MINISTERIO DA SAUDE, 2014). Dessa
forma existe a necessidade de que esses pacientes e seus familiares sejam abordados

de forma ordenada em um conceito mais amplo de saude (PEREIRA, 2018).

Na tentativa de desenvolver estratégias terapéuticas eficazes para os diferentes
tipos da PC, modelos experimentais, principalmente induzidos por asfixia perinatal, foram
elaborados com o objetivo de reproduzir injurias morfolégicas observadas nos humanos
(BLOMGREN; HAGBERG, 2006; HOEGER et al., 2000; LUBICS et al., 2005; OLIVIER et
al., 2005; ROBINSON et al.,, 2005). Entretanto, apesar de reproduzirem danos
semelhantes como injurias na matéria branca ao redor dos ventriculos, estes modelos
reproduzem apenas alteragées motoras leves (HOEGER et al., 2000; LUBICS et al.,
2005; ROBINSON et al., 2005). Por outro lado, modelos experimentais induzidos por
desuso obtiveram mais sucesso em ocasionar prejuizos na funcdo motora (CANU;
FALEMPIN, 1998; COQ et al.,, 2008; STRATA et al., 2004). Strata et al. (2004)
relataram efeitos duradouros como reducdo do peso corporal, aumento do ténus
muscular, padrbes anormais de locomocdao e desorganizacdo no cértex motor.

Posteriormente, Coq et al. (2008)
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demonstraram que este comportamento motor estava associado a atrofia das fibras
musculares, degeneracdo articular e do joelho,além de representacdo distorcida dos
membros inferiores no cértex somatossensorial primario. Por outro lado, a asfixia
perinatal causou apenas altera¢des levessobre oténus muscular, desempenho motor
e organizacao cortical (Coq et al., 2008). Assim, a associagcdo de asfixia perinatal e
desuso muscular por restricdo sensério-motora mostrou ser ummodelo simples, eficaz

e reproduzivel de um fenotipo motor semelhante aos portadores humanos de PC.

Desenvolvimento 6sseo

O osso possui um tecido ativo, em constante modificagdo; tem como principais
funcdes a protecdo de érgdos, armazenamento de ions, apoio de musculos, suporte
de partes moles e producdo de células sanguineas. E um tipo de tecido conjuntivo
especializado, formado por células calcificadas (BERTOLINE, 2008).Segundo a lei
de Wolff as mudancas ocorridas na fungcdo proporcionam também mudancas na
conformacdo d6ssea externa e interna. O exercicio dindmico pode aumentar ou
diminuir o peso e 0 comprimento do osso. Esses sdo fatores que dependem de
algumas caracteristicas do proéprio individuo como, idade e género. Além de
caracteristicas do exercicio, como intensidade, duragao e o tipo de exercicio realizado
(BERTOLINE, 2008).

A Imobilidade, ou seja, a falta de atividade, fraqueza ou lesdo neuromuscular
também afetam o tecido 6sseo. Apds longos periodos de imobilizacdo passa a acontecer
a perda de propriedades Osseas, como € o caso da PC, a sua recuperacédo varia
com o tipo de imobilizacao, a idade, e o tipo do osso (BERTOLINE, 2008).A paralisia
cerebral (PC) é a forma mais comum de incapacidade motora crénica em criangas.
Assim como outras causas como, estado nutricional e uso excessivo de
anticonvulsivantes. Estes fatores estdao diretamente relacionados ao comprometimento

do desenvolvimento 6sseo em criancas (SCHEINBERG et al.,2015).

Alguns autores sugerem que é comum na PC a baixa ingestao de calcio, além
de uma inadequada mineralizagao 6ssea, assim, criangas com PC grave geralmente
apresentam baixa densidade mineral 6ssea com risco de fraturas aos minimos

esforcos (SCHEINBERG et al.,2015).No entanto, pelo fato de criangcas estarem em
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constante crescimento, torna-se mais dificil a interpretacdo das medidas minerais 6sseas
em criancas do que em adultos, dessa forma ainda n&o esta bem estabelecida a
relacdo entre o risco de fraturas e a densidade mineral 6ssea de criancas. Assim, alguns
pesquisadores relatam ndo esta esclarecida essa relagdo entre o surgimento de lesdes
e diminuicdo da massa Ossea secundaria ao desuso que tem sido muito relatada em
diversas doencas infantis, e a PC tem sido uma das mais prevalentes desse grupo
(SCHEINBERG et al.,2015).

Desenvolvimento do sistema nervoso periférico

O Sistema Nervoso é o sistema mais complexo do corpo humano. Ele € o
responsavel por manter o nosso meio interno em equilibrio e pelo desenvolvimento
dos nossos reflexos; além de participar da geragdo de comportamentos alimentares,
sono, vigilia, luta, defesa, fuga, comportamentos reprodutivos, entre outros (BERNE,
2004; GUYTON, 2002). O SN divide-se se baseando tanto em caracteristicas
funcionais como anatdbmicas. Com relacdo as caracteristicas funcionais temos o
sistema nervoso somatico e o sistema nervoso visceral ou vegetativo
(SILVERTHORN, 2003). O primeiro relaciona-se ao que € consciente e o segundo
ao que é inconsciente, ou seja, na percepcao do meio interno e visceras. Quanto aos
critérios anatdbmicos o sistema nervoso divide-se em Central, que é a porgcao que se
localiza no créanio e a medula espinhal (GUYTON, 2002) e em Sistema Nervoso
periférico, constituido por ganglios nervosos e fibras nervosas que séao
prolongamentos do SNC (CARLOS, 2012).

O SNP recebe informacgdes do SNC e as transmite aos érgaos efetores, e isto realiza
uma comunicagao entre o meio interno e externo; além de fornecer informagdes sobre
o estado desses 6rgaos. Duas vias tornam possivel essa comunicacao, as vias aferentes
e eferentes. Na primeira o impulso é gerado nos receptores e transmitido ao SNC, ja no
segundo é basicamente o inverso, o impulso é gerado na soma neural e é transmitido
ao longo do axénio até o orgao efetor (BARROS, 2002).Macroscopicamente, 0S nervos
do SNP sao unidos por tecido conjuntivo, e apresentam-se como feixes ou fasciculos
brancos e brilhantes (CARLOS, 2012). A arquitetura de um nervo periférico de forma
geral ela é intrincada e isso observa-se com a realizagéo de cortes no tecido (MIRSKY

& JESSEN, 2001). Dentre os varios tipos celulares que constituem esse sistema
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encontramos as células de Schwann, que se localizam em compartimentos endo neurais,
assim como os axbnios, e sao rodeados pelo Peri neuro, estes formam fasciculos
individuais e sdo envolvidos pelo epineuro (ORTIZHIDALGO & WELLER, 1997).

As células de Schwann tem como uma de suas fungdes mielinizar os axdnios do
SNP e Ia elas sdo confinadas, sendo vistas de forma muito rara no SNC. Sao células
extremamente instaveis, mas que exercem um papel fundamental na formacgdo dos
nervos, auxiliando o sistema nervoso de forma geral nos processos de regeneracao
(MIRSKY & JESSEN, 2001).Tanto pela quantidade existente, como pela sua
distribuicdo anatémica, o SNP, que é composto por prolongamentos oriundo do SNC,
torna-se um alvo mais facil de possiveis lesées. Os axdnios mielinizados também sofrem

desintegracdo chegando ao ponto de desenervar o 6rgao efetor.

Beneficios da suplementagao alimentar com creatina

Descoberta em 1832 por Michel Eugene Chevreul, a creatina (Cr) € uma amina
nitrogenada encontrada principalmente na musculatura esquelética (95%) (HALL;
TROJIAN, 2013) e em pequenas quantidades no cérebro, rins, figado e testiculos
(PERSKY; BRAZEAU, 2001). Além da sua producédo endégena (~1g/dia) pelos rins e
figado a partir dos aminoacidos glicina, arginina e metionina (WALKER, 1979), ela pode
ser obtida pela alimentacdo a partir de alimentos como carne, peixe e sementes
(PERSKY; BRAZEAU, 2001). A primeira etapa da producao enddgena da creatina
acontece nos rins, a partir dos aminoacidos glicina e arginina, com formac¢ao da ornitina
e acido guanidinoacético, enquanto a segunda etapa ocorre no figado, a partir da doacao
do grupo metil do aminoacido metionina (PERSKY; BRAZEAU, 2001). Esta sintese é
influenciada por horménios da tireoide, hormdnio do crescimento, testosterona, ornitina
e deficiéncias alimentares (jejum, vitamina E)(WALKER, 1979; WYSS; KADDURAH-
DAOUK, 2000). A creatina exdégena, devido a sua estrutura semelhante a aminoacidos
basicos, é absorvida no intestino delgado a partir de transportadores de aminoacidos,
peptideos ou especializados (PERSKY; BRAZEAU, 2001).Quando disponivel no sangue,
a creatina enddégena ou exogena circulante atravessa a membrana celular através de
transportadores de soédio-cloreto denominados CreaT (PERSKY; BRAZEAU, 2001;
WALZEL et al.,
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2002).Catecolaminas, fator de crescimento semelhante a insulina 1 (IGF-1), insulina
e exercicios podem influenciar o transporte de Cr para as células (WALKER, 1979;
WYSS; KADDURAH-DAOUK, 2000). Dentro das células, 2/3 da creatina é fosforilada
pela enzima creatina quinase, formando a fosfocreatina ou creatina fosfato (PCr),

enquanto 1/3 permanece na forma livre (WALZEL et al., 2002).

A PCr possui um importante papel no sistema energético fosfagénio
adenosina trifosfato (ATP)/ fosfocreatina (PCr), fornecendo fosfato para a ressintese
do ATP a partir da adenosina difosfato (ADP) (WALLIMANN et al., 1992).Durante
exercicios de curta duracao e alta intensidade, o ATP disponivel nas célulasé
rapidamente utilizado e precisa ser ressintetizado para que a intensidade possa ser
mantida por mais algum tempo (VAN LOON et al., 2003; VOLEK et al., 1999). E bem
documentado que a fosfocreatina € capaz de sustentar a ressintese de ATP de
forma direta (doacdo do grupo fosfato para o ADP) em exercicios tipicamente com
duracao inferior a 30 segundos (BRANCH, 2003; RAWSON; VOLEK, 2003). Além
disso, a Cr citoplasmatica na sua forma livre (1/3) também pode participar do
metabolismo do ATP a partir da sua fosforilagdo mitocondrial (via transportadores
CreaT mitocondrial) (BALESTRINO; ADRIANO, 2019; WALZEL et al., 2002). A PCr
formada na mitocéndria retorna para o citoplasma e fica disponivel para a ressintese
do ATP(BALESTRINO; ADRIANO, 2019; WALZEL et al., 2002). Portanto,
aumentando as reservas de fosfocreatina com a suplementagcdo, a crenca era de
que se poderia diminuir a fadiga muscular e aumentar o desempenho.

Ja nos anos 1990, este composto passou a ser estudado e considerado como um
recurso ergogénico, aumentando o desempenho em exercicios de alta intensidade e
curta duracdo por aumentar em torno de 20% a concentracdo de creatina
intracelular(VAN LOON et al., 2003; VOLEK et al., 1999). Esse aumento na concentracao
€ obtido com doses de 20g (ou ~0.3g/kg) ao dia (4 porcoes de ~5g) por 5 dias ou 3-
5g (ou 70.06g/kg) por dia por aproximadamente 30 dias (VAN LOON et al., 2003;
VOLEK et al., 1999). Aumentos maiores em resposta a ingestao de creatinapodem ser
obtidos combinando o suplementocom exercicio, carboidrato ou carboidrato/proteina,
embora o acumulo maximo de creatinaem médio a longo prazo (ou seja, semanas a
meses)parecer nao ser afetado por nenhum desses fatores(tHULTMAN et al.,
1996).Entretanto, a suplementag¢éo de Cr na sua forma monohidratada (CM) também

passou a ser considerada para o tratamento de
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doencas neurodegenerativas que apresentam atrofia muscular ou fadiga secundaria
a producdo de energia prejudicada(PERSKY; BRAZEAU, 2001). Isso se deve ao fato da
descoberta de mecanismos subjacentes ao efeito anabodlico e neuroprotetor da
creatina(DOLAN; GUALANO; RAWSON, 2019).

Evidéncias sugerem que a suplementacdo de creatina pode apresentar efeitos
benéficos no tecido ésseo (GERBER et al., 2005; CHANG et al., 2008; ANTOLIC et
al.,, 2007). Experimentos in vitro mostraram que o sistema fosforilcreatina (PCr)
desempenha um papel energético fundamental na diferenciacdo e ativagao de células
semelhantes aos osteoblastos (GERBER et al., 2005).

Um estudo protedmico indicou que a creatina quinase (CK) citoplasmatica cerebral
apresentou-se elevada durante a osteoclastogénese, revelando um papel importante da
CK na reabsorcao 6ssea dos osteoclastos (CHANG et al., 2008). Estudos experimentais
revelaram que a suplementacdo de creatina pode melhorar os parametros
biomecanicos 6sseos e a densidade mineral éssea (DMO) em ratos Sprague-Dawley
(ANTOLIC et al., 2007). Além disso, a creatina esta associada ao aumento de forca e
massa muscular (FARSHIDFAR et al., 2017), e neuroprotecao, relatada em estudos in
vitro e in vivo (BENDER et al. 2005; GENIUS et al. 2012; LAWLERET al. 2002;
O’GORMAN et al. 1997). Os mecanismos relacionados ao aumento de forca e massa
muscular sao diversos, dentre eles, ativagdo da via alvo de rapamicina em mamiferos,
conhecida como mTOR (SAKKAS et al., 2009; WALL; VAN LOON, 2013; DELDICQUE
et al., 2007), estimulo anabdlico pelo efeito osmaético (SAFDAR et al., 2008) e secrecéo
de miocinas e expressao de fatores regulatérios miogénicos (WILLOUGHBY; ROSENE,
2003).

Com relacao a neuroprotecéao atribuida a esta substancia, estudos in vitro e in vivo
relataram que a creatina apresenta propriedades anti-apoptética, anti- excitotdxica e
antioxidante (BENDER et al., 2005; GENIUS et al., 2012; LAWLER et al., 2002;
O’GORMAN et al., 1997).Estas propriedades tornaram a creatina uma candidata atrativa
no tratamento de diversos transtornos neurodegenerativos, incluindo doenca de
Huntington (DH), Alzheimer (DA) e Parkinson (DP)(BEAL, 2011; BREWER,;
WALLIMANN, 2000; MATTHEWS et al., 1998, 1999; ROSAS et al., 2014;

VIS et al., 2004), e de citopatias mitocondriais (TARNOPOLSKY; ROY; MACDONALD,
1997). Ao observar a fisiopatologia, € possivel observar que, além da classica perda de
diferentes populagbes de neurbnios, muitos processos foram associados ao

desenvolvimento de doengas neurodegenerativas. Esses processos
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incluem a desregulacdo transcricional, mas também a excitotoxicidade, estresse
oxidativo, deplecao de energia e disfun¢cdo mitocondrial. Todos esses processos tém sido
implicados na DH, DP, esclerose lateral amiotrofica (ALS) e DA(BEAL, 2011; LIN;
BEAL, 2006).As mitocOndrias, por sua vez, nao sao apenas fundamentais para a
bioenergética celular, mas também sdo mediadoreschave da apoptose e podem estar
ligadas direta ou indiretamente a muitos dos outros processos deletérios envolvidos na
neurodegeneracao(BEAL, 2011; LIN; BEAL, 2006). Em modelo animal de doencga de
Huntington, a suplementag¢do com creatina foi associada com menor volume de lesdo e
maiores niveis cerebrais de ATP e PCr (MATTHEWS et al, 1998), além de
neuroprotecdo significante, melhora no desempenho motor e maior sobrevida global
(ANDREASSEN et al., 2001; FERRANTE et al., 2000).Como ja mencionado, a PC
tipicamente envolve uma variedade de desordens neuromusculares e
musculoesqueléticas, assim, o estudo de estratégias que possam reduzir as sequelas

observadas, incluindo a creatina e o exercicio resistido, torna-se essencial.

Beneficios do exercicio fisico

O exercicio fisico possui um papel muito importante no processo de
estimulacdo da remodelacao 6ssea e muscular (EGAN; ZIERATH, 2013; MOREIRA
et al., 2014). Algumas evidéncias indicam que o exercicio fisico de resisténcia € uma

das formas de se estimular o metabolismo 6sseo (MOREIRA et al., 2014).

O exercicio de resisténcia é caracterizado por repetidas séries de contracdes
carregadas que resultam no rapido recrutamento de fibras musculares do tipo 2 e
estimulacao da sintese proteica muscular (MPS) (EGAN; ZIERATH, 2013; PHILLIPS,
2009). Este tipo de treinamento gera um estimulo capaz de promover uma resposta
osteogénica (TURNER; ROBLING, 2005). Este mecanismo promove acdes como
tensao, compressao e torcdo, criando sinais elétricos capazes de estimular o
metabolismo 6sseo, aumentando a densidade mineral 6ssea e possivelmente
inibindo a reabsorcao 6ssea (MENKES et al., 1985; IWAMOTO et al., 2013).

Além disso, um grande corpo de evidencias tem demonstrado que o exercicio

fisico tem surgido como uma das principais abordagens terapéuticas nao cirlrgicas
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para recuperacdo da lesdo nervosa periférica. Varias modalidades de exercicio tém
sido utilizadas na recuperacéo da lesado nervosa periférica para auxiliar na
recuperacao funcional e para auxiliar na manutencdo das propriedades musculares
durante a paralisia. No entanto ainda faltam trabalhos que padronizem o protocolo
de exercicio a ser utilizado e os resultados estdo relacionadas estritamente a
intensidade dos exercicios e a duracdo e numero de repeticoes a ser utilizado.

Diversos estudos apresentaram o exercicio fisico como uma estratégia para diminuir
o risco de doencas cardiovasculares, pulmonares, imunolégicas, metabdlicas e
neuro degenerativas (HAMER; CHIDA, 2008; LANCASTER; FEBBRAIO, 2014;
MANTOANI et al.,, 2017; NYSTORIAK; BHATNAGAR, 2018; PEDERSEN; ROHDE;
OSTROWSKI, 1998). Apesar dos mecanismos celulares ndo serem totalmente
compreendidos, € amplamente aceito que o exercicio fisico feito de forma regular
promove efeitos sinérgicos em diferentes 6rgaos e tecidos, especialmente entre
musculos e cérebro, musculos e pulmdes, e musculos e coragao (PINHO; AGUIAR;
RADAK, 2019).De fato, o exercicio do tipo aerébico é o mais associado a
mecanismos neuroprotetores (RADAK et al., 2016), entretanto, estudos recentes tém
focado no exercicio de resisténcia visando obter beneficios semelhantes, como na
doenca de Parkinson (TUON et al., 2014) e Alzheimer (JENSEN et al., 2019). Radak
et al. (2014) relataram o exercicio resistido como uma ferramenta importante para a
manutencgao, desenvolvimento e recuperacao de atividades cerebrais por meio de
adaptacdes neuroquimicas especificas (RADAK et al., 2014).

Ao utilizar treinamento resistido em escada por 4 semanas, Gomes et al.
(2014), relataram efeitos benéficos no giro denteado do hipocampo (NOVAES
GOMES et al., 2014). Recente revisao, realizada por Guo et al. (2019), também
apresenta os efeitos do exercicio sobre 6rgaos de roedores. Os métodos de
intervencoes de exercicios envolveram principalmente o uso de esteiras, corrida
voluntaria sobre rodas, corrida forcada de rodas, natacao e treinamento de
resisténcia (GUO et al., 2020). Verificou-se que, independentemente do método de
exercicio especifico utilizado, efeitos positivos em varias doencas sistémicas e
fungbes organicas foram observados(GUO et al.,, 2020). Assim, visando
primeiramente o remodelamento da musculatura esquelética e ganho de forca
muscular, mas também adaptag¢des neuroquimicas, em individuos com PC, o foco

deste trabalho é o exercicio de resisténcia.
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3. HIPOTESE

Em ratos submetidos a paralisia cerebral, o tratamento com creatina associado
a exercicio fisico resistido ou ndo reduz significativamente a perda de células
nervosas do nervo ciatico, aumenta o peso da tibia melhorando as condi¢gdes motoras

na paralisia cerebral.
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4. OBJETIVOS
Objetivo geral

Avaliar as repercussdoes do tratamento com creatina, associadas ou nao ao
exercicio resistido, em ratos submetidos a paralisia cerebral sobre o desenvolvimento

0sseo e do sistema nervoso periférico.

Objetivos especificos

Na prole, em ratos submetidos a Paralisia cerebral (por restricdo sensorio-
motora associada a anodxia perinatal) que receberdo tratamento com creatina,
associado ao exercicio resistido, estudar: A) Caracterizagcdo somatica; B) Consumo
alimentar e hidrico; C) Analise da forga muscular; D) Analise da marcha em CatWalk;
E) Coleta do nervo periférico e processamento histolégico; F)Analise morfoldgica e

morfométrica do nervo ciatico;G)Afericao do peso e comprimento da tibia.
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5. MATERIAIS E METODOS
ANIMAIS

Foram utilizados ratos da linhagem Wistar. Os animais foram obtidos na
colonia do Departamento de Nutricdo da Universidade Federal de Pernambuco
(UFPE). Todos os animais foram mantidos em ambiente com ciclo invertido de luz
(20:00 as 8:00) e escuridao (08:00 as 20:00 h), temperatura 22+ 2°C e com livre
acesso a agua e racao, mantidos em gaiolas de polipropileno (46cm x 34cm x 20cm)
coberta com maravalha estéril. Para obtencdo de neonatos, foram acasalados
animais machos e fémeas nuliparas (proporc¢ao 1:2), ndo consanguineos, com idade
entre 90 e 120 dias. O diagnéstico de possivel fertilizacao foi realizado através do
teste de esfregaco vaginal com constatagdo do espermatozoide na secrecao vaginal.
A gestacao foi confirmada por acompanhamento da evolugao ponderal. O projeto
segue as normas do Conselho Nacional de Controle e Experimentacdo Animal
(CONCEA), de acordo com a lei 11.794 de 8 de Outubro de 2008, e com as normas
internacionais estabelecidas pelo National Institute of Health Guide for Careand Use
ofLaboratoryAnimals e foi submetido a Comissao de Etica em Uso animal (CEUA) da
UFPE com nimero de processo 0011/2020 (ANEXO 1) ,tendoo mesmo inicio apés

aprovacgao.

ANOXIA PERINATAL E RESTRICAO SENSORIO-MOTORA

O modelo experimental de paralisia cerebral foi baseado nos experimentos de
Strata et al. (2004), Coq et al. (2008) e Silva et al. (2016). Este modelo associa a anoxia
perinatal a um modelo de restricdo sensorio-motora dos membros inferiores semelhante
a falta de movimento ocorrida na Paralisia Cerebral. Ao nascer, os filhotes foram
submetidos a dois episédios de anoxia, o primeiro ocorreu no dia do nascimento,
considerado o PO e o segundo, no segundo dia pds-natal, considerado o P1. Para
realizacdo da anoxia, os filhotes foram colocados dentro de uma camara de vidro
parcialmente imersa em agua a 37°C e expostos a nitrogénio (100%) a 9L/min por 12
minutos cada dia. Os filhotes foram colocados em temperatura ambiente até
recuperacao da colorac&o e respiracdo normal e devolvidos as suas respectivas méaes
apos tal procedimento. Do P2 ao P28 foi realizada a restricao sensoério-motora durante

16 horas por dia (das 20h as 12h do dia seguinte), nas 8
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horas restantes foi permitida a livre movimentacdo do animal. Para a imobilizacado
sensoério-motora um molde de epdxi foi usado de forma que apenas movimentos limitados
da articulacdo do quadril foram permitidos, deixando os membros posteriores
estendidos com o auxilio de fita adesiva complementar ao molde reduzido, sem que
a eliminacéao de urina e fezes, bem como os cuidados maternos tenham sido prejudicados
(Silva et al., 2016).

TRATAMENTO COM CREATINA

A suplementagdo com creatina para os transtornos neurolégicos, como o mal
de Parkinson, geralmente supera os 20 g/dia (Rosas et al., 2014). Apds o hascimento dos
filhotes, foram utilizadas ninhadas com 4 animais, sendo machos com peso entre 6-

8 gramas no primeiro dia pods-natal (DPN). Os filhotes (fémeas) sé foram utilizadas
para ajustar o numero ideal de filhotes nas ninhadas. Os filhotes foram alocados de duas
formas aleatdrias conforme o tratamento com creatina e treinamento resistido:

A) durante os primeiros 28 dias de vida pos natal: 1- Tratados com creatina via gavagem
(300mg/kg/dia) acordo com Murai et al. (2014); 2- Agua destilada via gavagem (Murai et
al., 2014). B) apds os primeiros 28 dias de vida: 1- Tratados com creatina na agua ad
libitum (4.45 g/L) de acordo com Schuenke et al. (2011) e exercicio fisico; 2- Agua. O
consumo da solucdo com creatina foi mensurado diariamente. Schuenke et al. (2011)
demonstraram que o consumo de creatina diario na agua foi suficiente para atingir, no
minimo, 300mg/kg/dia. A quantidade de creatina a ser aplicada por dia via gavagem levou

em consideracao sua solubilidade de 18 mg/mL, como descrito por Gufford et al. (2010).

TRATAMENTO COM EXERCICIO DE RESISTENCIA

O modelo a ser usado para o treinamento foi adaptado de Anténio-Santos et

al. (2016). Neste modelo os ratos subiram uma escada no periodo pds-natal com
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uma sobrecarga progressiva fixada nas suas caudas. Antes do programa de treinamento
ser iniciado, para que o animal reconheca a escada, ele passou por um periodo de
adaptacdo, entre o 292 e 339 dia de vida pos-natal. No dia 29, o animal reconheceu o
aparato a partir da caixa inferior, sendo colocado por 30 segundo para a exploragao
do ambiente. No dia 30 o animal foi colocado a partir do ponto “1” e subiu 10 vezes até
o topo, no dia 31 ele foi colocado no ponto 2 e subiu 10 vezes até o topo. No dia 32 o
animal subiu apenas com o0 gancho na cauda a partir do ponto “1” e no dia 33 subiu
com todo o aparato, porém sem peso. Apds esta adaptagdo houve um dia de descanso
para o animal e no dia seguinte foi realizado um teste de sobrecarga maxima, realizado
sempre no inicio de cada semana de treinamento a fim de determinara carga com a
qual o animal devera realizar o treinamento em cada semana. Neste teste de
sobrecarga maxima, calculou-se 75% do peso do animal, que foi usado na primeira
subida do teste. A partir da segunda subida foram acrescidos 10 g cada vez que o
animal conseguiu subir, com o intervalo de descanso entre elas de 120 segundos. A
ultima carga com a qual ele conseguiu subir, apés 3 falhas consecutivas, foi
considerada a sobrecarga maxima a ser usada no treinamento durante a semana
seguinte. Cada subida contou com o tempo maximo de 60 segundos. Apos a definicdo
da carga maxima, as sessoes foram realizadas com 30%, 50% e 80% da carga maxima
do animal. A primeira subida foi realizada com 30%, a segunda subida com 50% e da
terceira até a décima subida com 80% da sobrecarga maxima individual. O tempo
maximo entre as subidas foi de

40 segundos. O tempo de descanso entre subidas durante o programa de treinamento
foi de 90 segundos. Este programa de treino de resisténcia tem como plano 10 subidas
por dia, 5 dias/semana, durante 4 semanas, com carga gradualmente acrescida. A
escada utilizada foi adaptada do modelo de Anténio- Santos et al. (2016) e teve seus

degraus divididos em 3 partes, onde o inicio foi na parte 1 e o final na parte 3.

GRUPOS EXPERIMENTAIS

Ao final, os filhotes compdem os seguintes grupos: 1) Controle 4gua nao treinado
(C-A-NT, n=11); 2) Controle agua treinado (C-A-T, n=11); 3) Controle creatina néo
treinado (C-CR-NT, n=11); 4) Controle creatina treinado (C-CR-T, n=11); 5) Paralisia

cerebral agua néao treinado (PC-A-NT, n=11); 6) Paralisia cerebral
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agua treinado (PC-A-T, n=11); 7) Paralisia cerebral creatina n&o treinado (PC-CR-
NT, n=11); 8) Paralisia cerebral creatina treinado (PC-CR-T, n=11).0s filhotes
foramidentificados através de marcacgdes feitas com violeta de genciana e o desmame

ocorreu no 252 dia de vida.

ANALISES EXPERIMENTAIS

Caracterizacdo somatica

O peso corporal das gestantes e lactantes foi avaliado semanalmente. Ao
nascimento foram registrados o peso geral da ninhada, o numero de filhotes e dias de
gestacao. O peso corporal dos filhotes foi registrado ao nascimento, no 82, 149, e 212a0
622 dia de vida.

6.1.2.Consumo alimentar e hidrico

O consumo alimentar foi avaliado diariamente através do método de pesagem
manual com balanca digital (pesagem manual dos pellets antes e depois de um
periodo de alimentacado - 24h) (ALI; KRAVITZ, 2018). Para evitar que os animais
defecassem ou urinassem na ragao caso elas fossem colocadas dentro da gaiola, os
pellets foram pesados e colocados na prépria tampa da gaiola. De forma semelhante,
o consumo hidrico foi realizado pesando a propria garrafa com agua (pesagem
manual da garrafa antes e depois de um periodo de consumo - 24h) (ALI; KRAVITZ,
2018).

Andlise da for¢ca muscular

O teste de forca da preensao dos membros anteriores foi realizado através de um
aparelho digital (Animal GripStrength System - SD instruments) antes e apds o
treinamento resistido (P30 e P60). O animal agarra a barra de apoio exercendo uma forca
de tracdo sobre ela e o captor de forca permite quantificar o pico de forca de cada

animal.

Andlise da marcha em CatWalk

Antes e apés o treinamento foi avaliada a marcha (P30 e P60). A analise da locomogao
foi realizada pelo método descrito por Herold et al. (2016) utilizando o sistema de analise

de locomogao (Gaitanalysis system for rodentsCatWalk XT -
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Noldus). Este método consiste em avaliar a locomocao do animal em um corredor, sendo
o animal filmado individualmente para mensuracao de parametros estéaticos e dinamicos.
Os parametros estaticos avaliados foram: duracdo do passo, da fase de estacdo e da
fase de oscilacdo da marcha. Os pardmetros dindmicos avaliados foram: mensuracao
da coordenacéao espaco temporal entre os membros, padrbes de passo entre as patas e
a magnitude da pressao das pegadas. Este método foi escolhido em virtude do mesmo

ser uma ferramenta eficiente em quantificar déficits na locomocao.
Coleta do nervo periférico e processamento histolégico

Apos a coleta no dia 61, os animais de cada grupo foram anestesiados com
uma associacdo de cloridrato de ketamina (60 mg/kg) e xilazina (8 mg/kg)por via
subcutanea e perfundidos por via transcardiaca com uma solugdo salina tamponada
(PBS) 0,05 M em pH 7,3, seguida por uma mistura fixadora de paraformaldeido a
2% e glutaraldeido a 1%, diluidos em tampao fosfato 0,1 M em pH 7,3. Foi estabelecida
uma relacao de 1 mL/g de peso corporeo para determinagaodas quantidades de solugdes
empregadas na perfusdo de cada animal. Apos a perfusdo, com o auxilio de uma lupa, o
nervo isquiatico direito de cada animal foi cuidadosamente dissecado. Os nervos foram
imersos na mesma solucao fixadora. Posteriormente, os nervos foram refixados em
tetroxido de ésmio a 1%, diluidos em tampao fosfato 0,1 M, pH 7,3, durante duas horas,
a 4 °C. Os tecidos osmicados foram desidratados em séries crescentes de acetona
e incluidos em araldite®, de modo a posicionar o nervo alinhado em relagdo ao bloco
de araldite® para assegurar seccdes transversais de suas fibras. Com um
ultramicrétomo (Dupont Sorval modelo Porter Blum MT-2B®), utilizando navalha de
vidro, cortes transversais semi-finos de 0,5 mm de espessura serao obtidos das amostras
incluidas e, em seguida, esses cortes serao montados em laminas coradas com azul
de toluidina a 1% para a analise morfolégica e morfométrica da seccao transversal do

nervo isquiatico
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Avaliagdo do nervo ciatico em microscopia de luz

Com um microscopio de luz BR044 (Carl Zeiss) com objetivas de 10X, 20X
40X e 100X, a analise morfologica realizara a avaliagdo de fibras mielinizadas e nao-
mielinizadas, espaco intersticial, além do tecido conjuntivo endoneural, a fim de detectar
qualquer sinal de dano estrutural e padrdes anormais de mielinizagdo no nervo
isquiatico, bem como possiveis efeitos do treinamento de resisténcia sobre a estrutura
nervosa. As medidas de area e didmetro minimo das seccgdes transversais do nervo
isquiatico de todos os animais serao realizadas através do mesmo microscopio de luz
BR044 (Carl Zeiss) com objetiva de 20X.

Afericdo do peso e comprimento da tibia

Apoés a dissecacao, a tibia direita foi imediatamente pesada na balanca de
pesagem hidrostatica, em um equilibrio de precisao (0,01 g). O comprimeOnto total
dos ossos foram aferidos utilizando um parquimetro digital (Jomarca ®) com uma
precisdo de 0,01 mm. Sobre superficie lisa com sua face ventral voltada para cima.

Esta analise foi realizada no dia 62.

ANALISE ESTATISTICA

Os dados obtidos foram primeiramente analisados quanto a distribuicdo normal (teste
de Kolmogorov-Smirnov). Para avaliar diferengas significantes no consumo de creatina
e nos dados antes do treinamento (peso corporal, consumo alimentar,catwalk eforga
muscular) foram empregados os testes Two-Way ANOVA medidas repetidas e multiplas

comparacdes seguido do teste post hoc de
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Tukey.Para as comparagdes apds o treinamento resistido (peso corporal, catwalk e forca
muscular), o teste Three-Way multiplas comparagdes seguidas do teste post hoc de
Tukey foi aplicado. Os resultados foram expressos como média + desvio padrdo, sendo
o nivel de significancia utilizado de 5% (p<0,05). Foi utilizado o software GraphPad

Prism (versdo 8.4.3) para analises dos dados.
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6. RESULTADOS

Durante todo o periodo experimental, ndo foram encontradas diferencas
significativas com relacdo ao consumo de creatina na agua ad libitum entre os grupos
controle e PC, treinados ou nao, no P30, 40 [F(1,28)=3.208; p:n.s.], 50 [F(1,28) =
3.440; p:n.s.], e 60 [F (1,28) = 0.002; p:n.s.] (Tukeyposthoctest: p: n.s.; Tabela 1).
Avaliando o efeito precoce do modelo de paralisia cerebral sobre o peso corporal foi
possivel observar reducdo de peso significante no P8 e P14 [F(1,86)
=78.66; p<0.0001] (Sidak posthoctest: p<0.0001; Figura 1A). A partir do inicio da
suplementagdo com creatina, o peso corporal de ambos o0s grupos controleaumentou
de forma gradual com diferengas significantes entre os animais que receberam agua
comparado aos que receberam creatina nos dias 21, 22, 23, 28, 29 e 30
(Tukeyposthoctest: p<0.05; Figura 1B). Os animais de ambos os grupos PC comparado
aos dois grupos controles apresentaram reducdo do peso corporal do dia 21 ao dia
30 (Tukeyposthoctest: p<0.05; Figura 1B). Além disso, o peso corporal foi maior nos
animais PC que receberam creatina nos dias 23, 24, 25, 26, 28, 29 e 30 (Tukeypost
hoctest: p<0.05; Figura 1B). Durante e apds o treinamento resistido, os animais PC
apresentaram reducao do peso quando comparado aos animais controle no P40
[F(1,80)=207.9; p<0.0001], 50 [F(1,80) = 127.7; p<0.0001] e
60 [F(1,80) =60.27; p<0.0001](Tukey posthoc test: p<0.05; Figura 2). A suplementacéo
de creatina ocasionou aumento do peso corporal nos animais controle ndo treinados
no P40 [F(1,80) = 18.85; p<0.0001](Tukey posthoc test: p<0.05; Figura 2). Nao houve

efeito do treinamento resistido no peso corporal (Tukeyposthoctest: p: n.s.; Figura 2).

Tabela 1. Consumo de creatina na agua nos diferentes grupos.

Diade vida_ Grupos experimentais
C-CR-NT C-CR-T PC-CR-NT PC-CR-T
P30 0,44 £ 0,05 - 0,50+0,12 -
P40 0,43 £ 0,06 0,38+0,03 0,44+0,07 0,47+0,11
P50 0,38 £ 0,03 0,35+0,04 0,36+0,06 0,30+0,08
P60 0,36 + 0,05 0,34+0,03 0,31+0,03 0,40%0,12

Média geral 0,40 + 0,05 0,36 +0,04 0,40+0,07 0,39+0,10

Fonte: Isla Ariadny (2021)
Valores representam média + desvio padrdo. Controle Creatina Nao Treinado (C-CR-NT, n=8), Controle
Creatina Treinado (C-CR-T, n=8), PC Creatina Nao Treinado (PC-CR-NT, n=8), PC Creatina Treinado (PC-
CR-T, n=8). Teste T ndo pareado e Two-way ANOVA multiplas comparagdes seguido do teste post hoc
de Tukey.
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Figura 1. Efeitos da Paralisia Cerebral e da Creatina no peso corporal no periodo pds-natal antes do

treinamento.
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Fonte: Isla Ariadny2021.

(A) Peso corporal dos animais Controle (n=44) e Paralisia Cerebral (n=44). (B) Peso corporal
dos animais dos grupos Controle Agua (C-A, n=22), Controle Creatina (C-CR, n=22), Paralisia
Cerebral Agua (PC-A, n=22) e Paralisia Cerebral Creatina (PC-CR, n=22) nos dias 21, 22,
23, 24, 25, 26, 27, 28, 29 e 30 de vida pés-natal. Valores expressos em média * desvio
padrao. Two-Way ANOVA medidas repetidas e multiplas comparagdes seguido do teste post
hoc de Tukey. C vs PC: *p<0.05; C-A vs PC-A: ?p<0.05; C-CR vs PC- CR: ?p<0.05; C-AvsC-CR:
p<0.05; PC-A vs PC-CR: 9p<0.05.
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Figura 2. Efeitos da Paralisia Cerebral e da Creatina no peso corporal no periodo pos-natal apos do
treinamento.

B Agua Creatina
A Controle Paralisia cerebral B Controle Paralisia cerebral
200 250
f
1
—_ £ —_— 4 4 _r'l_ e
g0 o T el 2 200 T
© © T
o T © 150
£ 100 1 g
o o
L < 1004
2 s0- g
o o 50
0- 0-
-4 ° ® °
& & & & & & R
BN o N o & & & &
‘{,bo ‘{,bo <& o A8 )
«* &
¢ Controle Paralisia cerebral
300 P
. g h e |
B L T
T 200 i
]
g
o
(*]
o 100
[/}
[}
o
0_
(o] (] (] o
& & 2 &
ol ol & ol
A& & N ¢
& &

Fonte: Isla Ariadny (2021)

Peso corporal dos animais dos grupos Controle Agua Nao Treinado (C-A-NT, n=11), Controle Agua Treinado
(C-A-T, n=11), Controle Creatina Nao Treinado (C-CR-NT, n=11), Controle Creatina Treinado (C-CR-
T, n=11), PC Agua Nao Treinado (PC-A-NT, n=11), PC Agua Treinado (PC-A-T, n=11), PC Creatina
Nao Treinado (PC-CR-NT, n=11) e PC Creatina Treinado (PC-CR-T, n=11) nos dias 40 (A), 50 (B) e 60
(C) de vida pos-natal. Valores expressos em média + desvio padrdo. Three- Way ANOVA seguido do
teste post hoc de Tukey. C-A-NT vs PC-A-NT: ¢p<0.05; C-CR-NT vs PC-CR- NT: fp<0.05; C-A-T vs PC-A-
T; 9p<0.05; C-CR-T vs PC-CR-T: hp<0.05.

Com relagdo ao consumo alimentar, encontramos redugdo significante
ocasionada pela PCno P25, 26, 27, 29 e 30 entre os animais que receberam agua e
no P26, 27, 28 e 29 entre os animais que receberam creatina, além de aumento do

consumo nos animais controle que receberam creatina no P28 e 29(Tukey
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posthoctest: p<0.05; Figura 3). Os animais PC também apresentaram reduc¢do do
consumo no P40 [F(1,56) = 8.939; p>0.05], 50 [F(1,56) = 11.67; p<0.05] e 60
[F(1,56) = 14.25; p<0.001] entre os animais que receberam agua e nao treinaram(Tukey
posthoc test: p<0.05; Figura 4). A suplementacdo com creatina ocasionou aumento do
consumo nos animais controle ndo treinados no P50 [F(1,56)

= 1.159; p<0.05] e 60 [F(1,56) = 0.253; p<0.05], ja o treinamento resistido ocasionou
reducdo no consumo nos animais controle que receberam agua no P60 [(1,56) = 2.000;
p<0.05](Tukey posthoc test: p<0.05; Figura 4).

Figura 3. Efeitos da Paralisia Cerebral e da Creatina no consumo alimentar no periodo pés-natal antes
do treinamento.
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Fonte: Isla Ariadny (2021)
Consumo alimentar dos animais dos grupos Controle Agua (C-A, n=16), Controle Creatina (C-CR,
n=16), Paralisia Cerebral Agua (PC-A, n=16) e Paralisia Cerebral Creatina (PC-CR, n=16) nos dias
25, 26, 27, 28, 29 e 30 de vida pds-natal. Valores expressos em média + desvio padrao. Two-Way ANOVA
multiplas comparacgdes seguido do teste post hoc de Tukey. C-A vs PC-A: 2p<0.05; C-CR vs PC- CR: bp<0.05;
C-AvsC-CR: ¢p<0.05.
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4. Efeitos da Paralisia Cerebral e da Creatina no consumo alimentar no periodo pos-natal apos

do treinamento.
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Fonte: Isla Ariadny (2021)

Consumo alimentar dos animais dos grupos Controle Agua N&o Treinado (C-A-NT, n=8), Controle Agua
Treinado (C-A-T, n=8), Controle Creatina Nao Treinado (C-CR-NT, n=8), Controle Creatina Treinado (C-
CR-T, n=8), PC Agua N&o Treinado (PC-A-NT, n=8), PC Agua Treinado (PC-A-T, n=8), PC Creatina
Nao Treinado (PC-CR-NT, n=8) e PC Creatina Treinado (PC-CR-T, n=8) nos dias 40 (A), 50 (B) e 60 (C)

de vida

pds-natal. Valores expressos em média + desvio padrao. Three-Way ANOVA seguido do teste post

hoc de Tukey.C-A-NT vs PC-A-NT: ¢p<0.05; C-A-NT vs C-CR-NT: ip<0.05.

antes

No que se referea forca maxima dos animais avaliada pelo teste de GripStrength

do treinamento, os animais de ambos os grupos PC apresentaram reducao da

forga em comparagao aos animais do grupo controle [F(1,52) = 145.4; p<0.0001], e a

suplementagcdo com creatina ocasionou aumento da forga nos animais PC [F(1,52) =

6.700;

p<0.05](Tukey posthoc test: p<0.05; Figura
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5A). Por outro lado, nenhuma diferenca foi encontrada entre os gruposao avaliar os dados
relativos ao peso corporal (Tukeyposthoctest: p:n.s.; Figura 5B). Semelhantemente, apos
o treinamento resistido, diferengas significantes foram encontradas entre os animais PC
e controle treinados que receberam creatina ou agua quando avaliado os dados brutos
[F(1,48) = 57.14; p<0.0001] (Tukeypost hoctest: p<0.05; Figura 6A), mas nao o relativo
(Tukeypost hoctest: p<0.05; Figura 6B).

Figura 5. Efeitos da Paralisia Cerebral e da Creatina na forga maxima avaliada por GripStrength no periodo

poés-natal antes do treinamento.
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Forga bruta (A) e relativa (B) dos animais dos grupos Controle Agua (C-A, n=14), Controle Creatina (C- CR,
n=14), Paralisia Cerebral Agua (PC-A, n=14) e Paralisia Cerebral Creatina (PC-CR, n=14). Valores
expressos em meédia + desvio padrdao. Two-way ANOVA seguido do teste post hoc de Tukey.C-A vs PC-
A: ap<0.05; C-CR vs PC-CR: bp<0.05; PC-A vs PC-CR: 9p<0.05.
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Figura 6. Efeitos da Paralisia Cerebral e da Creatina na forga avaliada por GripStrength no periodopds-

natal apés o treinamento.
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Fonte: Isla Ariadny (2021)
Forca bruta (A) e relativa (B) dos animais dos grupos Controle Agua N&o Treinado (C-A-NT, n=7), Controle
Agua Treinado (C-A-T, n=7), Controle Creatina N&o Treinado (C-CR-NT, n=7), Controle Creatina
Treinado (C-CR-T, n=7), PC Agua Nao Treinado (PC-A-NT, n=7), PC Agua Treinado (PC-A- T, n=7),
PC Creatina Nao Treinado (PC-CR-NT, n=7) e PC Creatina Treinado (PC-CR-T, n=7). Valores expressos
em média + desvio padrdao. Three-Way ANOVA seguido do teste post hoc de Tukey. C-A-T vs PC-A-T;
9p<0.05; C-CR-T vs PC-CR-T: hp<0.05.

Os dados do treinamento resistido foram avaliados para um melhor entendimento
dos efeitos da PC e da creatina na forga dos animais.Com relacdo aos dados brutos,
quando comparado ao controle nas semanas 0 (sobrecarga), 1, 2, 3 e 4,0s animais PC
qgue receberam agua ou creatina apresentaram reducao significante da carga utilizada
quando comparado aos controles(Tukeypost hoctest: p<0.05; Tabela 2). Porém, ao
analisar os dados de carga relativos ao peso corporal nao foram encontradas
diferencas entre os grupos. Além disso, foi observadauma reducao significante no
tempo de subida nos animais PC que receberam agua na semana 2 e creatina nas
semanas 0 e 2 em comparagao aos respectivos controles (Tukeypost hoctest: p<0.05;
Tabela 2).
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Tabela 2. Efeitos da Paralisia Cerebral e da Creatina na progressao de cargas e no tempo de subida

durante as 4 semanas de treinamento resistido na escada.

Grupos experimentais
C-A-T C-CR-T PC-A-T PC-CR-T
Carga (9) Tempo (s) Carga (9) Tempo (s) Carga (q) Tempo (s) Carga (q) Tempo (s)

Dados brutos
Sobrecarga 289,8 + 43,09 8,0+£29 310,4+332" 65%1,3" 217,9+39,8 10,2+43  230,0+30,0 10,4+1,7

Semana 1 179,1 + 18,99 84+25 195,6 £ 19,10 82+29 125,2+27,2 13,7+£9,0 133,6 £21,0 12,9+ 31
Semana 2 292,3 + 55,19 6,9 +2,09 315,6 + 53,1h 6,4 +1,3" 208,6 +44.4 12,0+48 206,6 + 35,3 12,1+ 6,1
Semana 3 391,0 + 84,29 10,2179 421,5+ 54,40 6,1+0,8 291,8+66,9 9,1+4,2 329,2+83,0 82+15
Semana 4 470,6 + 84,59 6,2+24 500,6 + 65,4" 59+1,1 370,8+ 80,7 8,630 399,5+74,8 74 +1,0
Dados relativos

Sobrecarga 199,4 + 35,1 - 195,6 + 22,6 - 192,2+ 19,0 - 195,3+45,9 -
Semana 1 161,6 £ 17,1 - 165,5 % 16,1 - 162,5+ 22,6 - 156,0 + 15,1 -
Semana 2 206,8 +42,8 - 205,1+36,8 - 190,6 + 25,4 - 180,5+ 40,1 -
Semana 3 231,2+61,0 - 224,3+ 30,5 - 206,2 + 33,2 - 237,6 +88,1 -
Semana 4 2447 £+ 69,4 - 229,7 + 30,6 - 213,7+28,5 - 258,0+104,7 -

Fonte: Isla Ariadny (2021)
Valores representam média + desvio padréo. Controle Agua Treinado (C-A-T, n=11), Controle Creatina Treinado (C- CR-
T, n=11), PC Agua Treinado (PC-A-T, n=11), PC Creatina Treinado (PC-CR-T, n=11). Two-way ANOVA mdiltiplas
comparagoes seguido do teste post hoc de Tukey. C-A-T vs PC-A-T; 9p<0.05; C-CR-T vs PC-CR-T:
hp<0.05.

Relacionado a analise da marcha por CatWalk antes do treinamento, quando
comparados com o grupo controle, os animais de ambos os grupos PC apresentaram
significativa reducdo da area maxima de contato com a plataforma tanto nos dados
brutos [F(1,60) = 269.1; p<0.0001] quanto nos dados relativos [F(1,60) = 65.25;
p<0.0001]ao peso corporal(Tukeypost hoctest: p<0.05; Figura 7A,B). A suplementacao
de creatina, por sua vez, aumentou a area de contato dos animais PC avaliando os dados
brutos [F(1,60) = 13.39; p<0.001](Tukeypost hoctest: p<0.05; Figura 7A).Apds o
treinamento, diferencas significantes foram observadas entre os animais controle e PC
qgue receberam agua e foram treinados nos dados brutos [F(1,56) = 34.70; p<0.0001]
e relativos [F(1,56) = 6.055; p<0.05](Tukey post hoc test: p<0.05; Figura 8A,B).
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Figura 7. Efeitos da Paralisia Cerebral e da Creatina na area maxima de contato avaliada por CatWalk

XT no periodo pds-natal antes do treinamento.

~ A d ~ B
‘c 1.5 a g 2.5 o Controle
(&) ~—
g & b S 5 a ® Paralisia cerebral
E @ I 2.0 b
S 1.0 5
S 8 1.54 o
o

% Y T
© & 1.0
€ 0.5 E
& 'i 5
£ > ® £ 0.5 . ®
g 3
:?) 0.0 T T Z 0.0 1 T

Agua Creatina Agua Creatina

Fonte: Isla Ariadny (2021)

Dados brutos (A), dados relativos (B) e imagens representativas (C) dos animais dos grupos Controle Agua
(C-A, n=16), Controle Creatina (C-CR, n=16), Paralisia Cerebral Agua (PC-A, n=16) e Paralisia Cerebral
Creatina (PC-CR, n=16). Valores expressos em média * desvio padrdao. Two-way ANOVA multiplas
comparagoes seguido do teste post hoc de Tukey.C-A vs PC-A: 2p<0.05; C-CR vs PC-CR:

bp<0.05; PC-Avs PC-CR: 4p<0.05.
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Figura 8. Efeitos da Paralisia Cerebral e da Creatina na area maxima de contato avaliada por

CatWalk XT no periodo pos-natal apos o treinamento.
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Fonte: Isla Ariadny (2021)
Dados brutos (A),dados relativos (B) e imagens representativas (C) dos animais dos grupos Controle Agua
N&o Treinado (C-A-NT, n=8), Controle Agua Treinado (C-A-T, n=8), Controle Creatina N&o Treinado (C-
CR-NT, n=8), Controle Creatina Treinado (C-CR-T, n=8), PC Agua N&o Treinado (PC-A- NT, n=8), PC
Agua Treinado (PC-A-T, n=8), PC Creatina Ndo Treinado (PC-CR-NT, n=8) e PC Creatina Treinado
(PC-CR-T, n=8). Valores expressos em média + desvio padrdo. Three-Way ANOVA seguido do teste
post hoc de Tukey. C-A-T vs PC-A-T; 9p<0.05.

Por fim, em relagdo ao peso da tibia e ao peso do nervo ciatico, ndo houve
diferencas entre os grupos (Tukey post hoc test: p: n.s.; Tabela 3). Por outro lado, foi
observada uma diferenga significativa com relacdo ao comprimento da tibia, entre os
grupos PC e controle que receberam creatina e treinamento [F(1,32) = 14.17; p<0<001]
(Tukey post hoc test: p<0.05; Tabela 3).0Os dados parciais sobre 0 numero e area das
célulasno nervo ciatico ndo indicaram diferengas significantes entre os grupos (Tukey
post hoc test: p:n.s.; Figura 9A,B).A figura 10 apresenta imagens representativas de
secgbes transversais do nervo ciatico.Posteriormente, o0 numero de animais sera
ampliado e assim serdo realizadas as andlises estatisticas e histolégicas referentes ao

numero e area das células.

Tabela 3. Efeitos da Paralisia Cerebral e da Creatina no peso e comprimento de
estruturas em animais treinados ou sedentarios.

Grupos experimentais

C-A-NT C-A-T C-CR-NT C-CR-T PC-A-NT PC-A-T PC-CR-NT PC-CR-T

Peso datibia 044+013 033+007 041+006 046+006 040+015 036+010 035+006 0,34 0,09
Comprimento da tibia 30,10£323 2968 +218 3158+130 31,51+0,81" 2951099 2842+133 2886127 2627 +346
Peso do nervo ciatico 0,08+0,12 003002 002+001 0,02+0,01 0,02 + 0,01 0,03+0,02 0,02 0,01 0,01 + 0,01

Fonte: Isla Ariadny (2021)
Valores representam média + desvio padrdo. Controle Agua Nao Treinado (C-A-NT, n=5); Controle Agua Treinado
(C-A-T, n=5), Controle Creatina Nao Treinado (C-CR-NT, n=5); Controle Creatina Treinado (C-CR-T, n=5), PC Agua
N&o Treinado (PC-A-NT, n=5); PC Agua Treinado (PC-A-T, n=5), PC Creatina N&o Treinado (PC-CR- NT, n=5); PC
Creatina Treinado (PC-CR-T, n=5). Three-way ANOVA medidas repetidas seguido do teste post hoc de Tukey. C-
CR-T vs PC-CR-T: hp<0.05.
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Figura 9. Efeitos da Paralisia Cerebral e da Creatina no nimero e area de células por campo

avaliados do nervo ciatico no periodo pos-natal apds o treinamento.

Bl Agua ™8 Creatina

A Controle Paralisia Cerebral B Controle Paralisia Cerebral
300 40000

1]

=

\©

) 30000

©

S

[1:]

I £ 20000+

= <L

2

s 10000

IS

3

z .

0
o o o o
. (@b _Q@e" . ({ob _Qfo':"
@ i e e
N & N &
< <

Fonte: Isla Ariadny (2021)
Numero de células (A) e &rea das células (B) dos animais dos grupos Controle Agua Ndo Treinado (C-A-
NT, n=3), Controle Agua Treinado (C-A-T, n=2), Controle Creatina Ndo Treinado (C-CR-NT, n=2),
Controle Creatina Treinado (C-CR-T, n=4), PC Agua Nao Treinado (PC-A-NT, n=2), PC Agua Treinado
(PC-A-T, n=2), PC Creatina Nao Treinado (PC-CR-NT, n=4) e PC Creatina Treinado (PC- CR-T, n=4).

Valores expressos em média * desvio padrdo. Three-Way ANOVA seguido do teste post hoc de Tukey.

Figura 10.Seccdes transversais do nervo ciatico em microscopia de luz com o0 aumento de 1000X.
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Fonte: Isla Ariadny (2021)
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Seccoes transversais do nervo ciatico dos grupos (A) C-CR-T, (B) PC-CR-T, (C) C-A-NT, (D) C-A-T,
(E) PC-CR-NT, (F) C-CR-NT, (G) C-A-T, (H) PC-A-T, corados com azul de toluidina a 1% e

visualizados através do microscopio de luz com o aumento de 1000X.

Desta tese foi gerado um artigo de revisédo sistematica que foi submetido e esta

em analise e os resultados obtidos acima serdo organizados e preparados para envio

para revista Clinical Rehabilitation.
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7.DISCUSSAO

No presente estudo foram avaliados os efeitos da PC experimental e das
intervencdes com creatina e treinamento resistido no peso corporal, no consumo
alimentar, na forca muscular maxima, na locomocao avaliada por catwalk, na
capacidade de realizar o treinamento resistido, no peso e comprimento da tibia e na
morfologia do nervo ciatico. Nossos resultados demonstraram que a PC ocasionou:
Reducdo do peso corporal e consumo alimentar em todo o periodo pods-natal,
diminuic&o da forga muscular e da carga maxima durante o treinamento, aumento do
tempo necessario para realizar uma série no treinamento, prejuizos na locomogao
evidenciado pela reducao da area maxima de contato e redu¢édo no comprimento da
tibia. Por outro lado, a suplementagao de creatina, nos animais com PC ocasionou
aumento do peso corporal, da forca muscular e da area maxima de contato com a
plataforma. Ainda, nos animais controle, a suplementagcao com creatina aumentou o
peso corporal e consumo alimentar.

Podemos dizer que a paralisia cerebral experimental ocasionou, neste estudo, um
quadro caracterizado por atraso no desenvolvimento somatico associado as alteragdes
motoras e fraqueza de membros posteriores. Com relagcdo ao peso corporal, esses
dados corroboram os achados obtidos em estudos que avaliaram o mesmo modelo
experimental de PC e observaram uma reducao semelhante no peso corporal (LACERDA
et al.,, 2017b, 2019). O impacto negativo no ganho de peso pode estar relacionado
ao dano motor produzido pela restricio sensério motora (RSM) durante o
desenvolvimento. Estudos relataram que os ratos RSM desenvolveram déficits de
locomocao e espasticidade dos musculos das pernas (DELCOUR et al., 2018b; STRATA
et al., 2004). Além disso, a RSM pode ocasionar déficits nos movimentos de succ¢ao e
mastigacao e diminuir a ingestao de alimentos, o que também foi visto em nosso estudo,
antes e durante o treinamento resistido(LACERDA et al., 2017b). Entretanto, com relacao
ao consumo hidrico no presente estudo, os animais com PC nao apresentaram reducao
da ingestdao de agua de forma significante a partir do momento em que a creatina foi
oferecida na agua, o que consequentemente nao prejudicou o consumo de creatina

durante o periodo de suplementacéo ad libitum (P30-60).
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E bem documentado que a restricdo de membros (desuso) ocasiona atrofia
na musculatura. Coq et al. (2008), utilizando RSM, observaram prejuizos motores
associado a atrofia das fibras musculares, degeneracédo articular e do joelho, além
de representacéao distorcida dos membros inferiores no cértex somatossensorial primario.
Delcour et al. (2018b), por sua vez, relataram marcha e postura severamente
prejudicadas, provavelmente por causa da hiperextensdo do joelho- tornozelo. Os
autores ainda observaram reducdo do comprimento e densidade do osso tibial,
degeneracao da articulacao do joelho, atrofia do gastrocnémico e hiper reflexia muscular
sugerindo espasticidade. Assim, os resultados relacionados ao quadro observado no
nosso estudo podem ser explicados principalmente pela capacidade da RSM de induzir
atrofia, problemas de locomocao e 6sseos(DELCOUR et al., 2018b; SILVA et al., 2016).
Em nosso estudo, isso foi confirmado pela reducgdo significante da forca muscular
(GripStrength e treinamento resistido), da area maxima de contato com a plataforma
CatWalk, do comprimento da tibia. Além disso, os resultados podem estar associados
a possiveis déficits de succdo e mastigacdo associadas a redugcao na ingestdo de
alimentos (LACERDA et al., 2017b) e reducdo da massa muscular induzida por desuso
(COQ et al., 2008; DELCOUR et al., 2018a).

Com relacao a suplementacéao de creatina nos animais PC, observamos aumento
do peso corporal, da forca muscular e da area maxima de contato.Aoki et al. (2004)
relataram que a suplementacdo de creatina atenuou a perda muscular induzida por
imobilizacdo apos suplementacao continua por 14 dias (5g/kg/dia)(AOKI et al., 2004).
Apods 14 dias de carga de creatina, o conteudo total de creatina nos musculos so6leo
e gastrocnémico aumentou em 25% e 18%, respectivamente, atenuando a perda
muscular (AOKI et al., 2004). Os autores concluiram que este efeito pode estar associado
a capacidade da creatina de induzir um efeito mitético das células satélite, além de
proteger a célula muscular esquelética da protedlise (AOKI et al., 2004). Os mesmos
autores relataram que 7 dias de suplementacdo nao foram suficientes para ocasionar
os resultados observados apos 14 dias (AOKI et al.,, 2004). Corroborando com a
ultima observacao, Marzuca-Nassr et al. (2019), apds suplementacao por apenas 5 dias
(5g/kg/dia), relataram leves atenuacgdes da perda de massa dos musculos séleo e EDL.

Além disso, a suplementagdo nao foi capaz de atenuar a reducdo da CSA e
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diminuicdo da for¢ga muscular induzida por imobilizacdo (MARZUCA-NASSR et al.,
2019).

Assim, os efeitos da creatina parecem estar diretamente relacionados ao periodo
de suplementacdo. E importante destacar que os pesquisadores vém testando
diferentes protocolos de suplementacéo para diversas condi¢ées. A dose utilizada pelo
nosso estudo (300mg/kg/dia), diferente da dose utilizada pelos 2 estudos citados
anteriormente (AOKI et al., 2004; MARZUCA-NASSR et al., 2019) é o equivalente a
aproximadamente 21 g/dia para um individuo de 70 kg (MURAI et al.,, 2015).
Utilizando doses semelhantes, estudos encontraram, por exemplo, aumento da massa
Ossea trabecular em ratas ovariectomizadas (DE SOUZA et al., 2012), atenuacdo da
perda de massa muscular induzida por corticosteroides em ratos (MENEZES et al.,
2007) e aumento da resposta tardia do estado anabdlico da célula envolvendo o fator de
crescimento semelhante a insulina (IGF) em humanos (DELDICQUE et al., 2005). Com
relagdo ao consumo alimentar, observamos aumento do consumo associado a creatina
antes e durante o exercicio resistido. Apesar de ndo estar claro os mecanismos
subjacentes, um estudo em modelos animal relatou que a concentragéo de creatina no
cérebro desempenha um papel na regulacao da ingestdo de alimentos e peso corporal
(GAILBRAITH; FURUKAWA, LI, 2006). Assim, a suplementacao pode ter evitado uma

reducdo do consumo ainda maior nos animais PC do que o observado neste estudo.

Sobre os efeitos do treinamento resistido, ndo houve diferencas nos dados
avaliados nos animais PC.Entretanto, em um estudo realizado por Mdnico-neto et al.
(2015), os quais utilizaram treinamento resistido semelhante ao utilizado pelo nosso
estudo, o ganho de peso foi maior no grupo sedentario (MONICO-NETO et al., 2015).
Outros estudos nao encontraram modificagcdes no peso corporal durante e apds o
treinamento resistido, o que indica que os animais treinados se adaptaram ao estresse
mecanico e permaneceram se desenvolvendo a medida que envelheciam (CASSILHAS
etal., 2013; MURAI et al., 2015). Por outro lado, o treinamento ocasionou, dentre outros
resultados, aumento do peso muscular e da area de secc¢éao transversa do musculo
(MONICO-NETO et al.,, 2015). Avaliagdes mais especificas, como por exemplo a
expressao de proteinas de sintese e degradacdo proteica e morfologia das fibras
musculares poderdao avaliar melhor os efeitos ocasionados pelo treinamento de

resisténcia nos animais do presente estudo.Sobre
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os efeitos do trienamento resistido nos animais controle, observamos redugado no
consumo alimentar no dia 60. Broom et al. (2009), ao avaliarema influéncia de uma
sessdo aguda de exercicio aerobico ou de resisténcia na percepcao da fome e
concentracdo de peptideos que regulam o apetite em humanos, encontraram
reducdo da concentracdo de grelina acetilada durante e apés o exercicio (BROOM et
al., 2009). Em ratos, a reduc¢ao do consumo alimentar nas 24 horas subsequentes ao
exercicio também foi relatada (TIBANA et al., 2018).
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8.CONCLUSAO

Os dados obtidos demonstraram que parametros do desenvolvimento somatico,
da forga muscular, do consumo alimentar,do desenvolvimento ésseo e da locomogé&o da
prole foram prejudicados pela paralisia cerebral. Ndo houveram diferencgas significantes
associadas ao treinamento resistido, o que torna necessario realizar avaliagbes mais
especificas, como a expressdo de proteinas de sintese e degradagcdo protéica e
morfologia das fibras musculares. No entanto, a suplementacdo com creatina foi capaz
de atenuar os prejuizos no desenvolvimento somatico,na forga muscular e na locomocgao
ocasionados pela paralisia cerebral. Além disso, nos animais controle, a suplementacao

com creatina aumentou o peso corporal e consumo alimentar.
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ABSTRACT

Background: Resistance exercise is one of the most used among physiotherapists who

treat CP patients. Objective: To analyze the effect of resistance training in the locomotion

of individuals with spastic diplegia. Methods: The research was carried out in the
databases for articles assessing the effects of resistance training on locomotion-related

outcomes in individuals with spastic diplegia at different stages of life. Results: The

research found a total of eleven studies. There was no standardization of training
parameters, and follow-up after the end of the training regimen period was carried out by

only a few of them. However, different resistance training programs carried out for at
least 6 weeks in children, adolescents, and adults were associated with improvements in

locomotion, as well as strength increase. There were no serious adverse effects in all
studies. Conclusion: The results suggest that resistance training can positively impact
motor function and muscle strength in individuals with spastic diplegia. However, further
studies should follow the participants for an extended period after the end of the

intervention to enable better assessments, as well as evaluate the dose-response focus on

strengthening specific muscles and include both objective measures and self-reported

functional mobility. Due to the low risk of adverse effects and other health-related

benefits, resistance training should continue to be used for these individuals.
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ABSTRACT

Background: Resistance exercise is one of the most used among physiotherapists who treat CP

patients. Objective: To analyze the effect of resistance training in the locomotion of individuals

with spastic diplegia. Methods: The research was carried out in the databases for articles
assessing the effects of resistance training on locomotion-related outcomes in individuals with

spastic diplegia at different stages of life. Results: The research found a total of eleven studies.

There was no standardization of training parameters, and follow-up after the end of the training
regimen period was carried out by only a few of them. However, different resistance training

programs carried out for at least 6 weeks in children, adolescents, and adults were associated
with improvements in locomotion, as well as strength increase. There were no serious adverse

effects in all studies. Conclusion: The results suggest that resistance training can positively
impact motor function and muscle strength in individuals with spastic diplegia. However,

further studies should follow the participants for an extended period after the end of the

intervention to enable better assessments, as well as evaluate the dose-response, focus on
strengthening specific muscles and include both objective measures and self-reported

functional mobility. Due to the low risk of adverse effects and other health-related benefits,

resistance training should continue to be used for these individuals.

Keywords: “Rehabilitation”, “Motor skills”, “Muscle Spasticity”, “Walking”, “Resistance

training”.
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INTRODUCTION

Cerebral palsy (CP) is the most common physical incapacity of children in the

developed world, and it occurs inabout 2 to 2,5 children per 1000 live births [1]. CP describes

a group of abnormalities that are permanent and non-progressive in the developing brain of
fetuses or infants leading to disturbances in movement and posture, causing activity limitation

and functional impact [2]. CP presents several injuries caused by damage in the immature brain

and has a serious cognitive impact on perception and sensation [3]. The CP complexity was
defined by the anatomical location of the brain lesion (cerebral cortex, pyramidal tract,

extrapyramidal system, or cerebellum) [4]. In the diagnosis of CP, as a consequence of
spasticity and malformation of joints, the Gross Motor Function Classification System is used

to measure motor alterations [3]. The different spasticity patterns are generally classified as
hemiplegic, diplegic, and quadriplegic [5]. Among the main types of CP motor dysfunction

(spastic, ataxic, hypotonic, dyskinetic, and mixed), the spastic type is the most frequent [6].

Spastic diplegia is characterized by spasticity predominantly in the lower extremities

[6]. Although the causative cerebral lesion is static, children with spastic diplegia typically go

through a progression of abnormalities of muscle tone, posture, and gait [7]. As the child ages,

progressive spasticity of the hip flexors and hamstrings can result in a crouch gait, which makes
prolonged walking difficult, thus giving the appearance of neurological deterioration [8]. An

individual with spastic diplegia walks more slowly than an individual in the same conditions

without CP and has more difficulty in performing activities such as walking, running, and

climbing stairs [9]. Also, the capacity of walking deteriorates with age, making all the concerns

with strength and mobility relevant to the preservation and improvement of their ability to move
[9]. In fact, around 25% of ambulant adults with cerebral palsy, especially those who are older

and presenting bilateral motor impairment, suffer gait decline [10].
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Functional motricity affected by the limitations of Cerebral Palsy can be improved
with the early therapeutic intervention [11]. Formerly, there was a concern about the possibility

of resistance training causing an increase in spasticity [12]. Systematic reviews have shown

thenceforward that resistance training can benefit PC patients with respect to function and

muscle strength [13-15]. In fact, a recent study shows that resistance exercise is one of the most

used among physiotherapists who treat CP patients [16]. However, to promote the
musculotendinous adaptation, it is necessary adequate training as well as a duration coherent

with the type of structure and the individual to be trained [17]. Meanwhile, the reviews
published to date have not evaluated specific types of cerebral palsy.

Several reviews were conducted to assess the effects of resistance training on cerebral

palsy. The first systematic review to pool data from randomized trials of strengthening
interventions in children and adolescents with cerebral palsy was published in 2009. The

authors reported that the intervention does not increase strength or improve activity in cerebral

palsy [18]. However, electrical stimulation was included as a strengthening intervention and

different types of cerebral palsy were included. The results of another review offer evidence for

improving muscle strength in adults with CP after strength training. Likewise, different types

of cerebral palsy were included in this review [19]. Later, Collado-Garrido et al. reported a

positive impact of resistance therapy on motor function in individuals under 18 years old with
CP. The authors did not specify the type of CP and several studies that used functional training

were included [14].

It is therefore important to evaluate the effects of resistance training on the motor and
muscular abilities of individuals with different types of cerebral palsy separately. Thus, the

clarification of such information will be of vital importance to contribute to the strategies of

treatment of individuals with motor incapacities. In this context, this review aimed to analyze

http://mc.manuscriptcentral.com/clinrehab


http://mc.manuscriptcentral.com/clinrehab

=)= 000 NN U A WN =

—_
WN

ﬁ AN DMNAW WW WWWWWWWNN NNNDNNDNN N2 aa Qa
WN = OOV 00N OCUTAWN O VOO NOOUT AW N= OOVOONO U1 M

BN D NN
O oy o~ U

(S, NS, ]
- O

o Ul U1l Ul U'Ig Q101
OO coN O U1 wN

Clinical Rehabilitation

the effects of resistance training on the locomotion-related parameters in individuals with

spastic diplegia, the most common form of cerebral palsy worldwide.

METHODS

Search strateqy

The present systematic review followed the recommendations of the PRISMA statement

for transparent reporting of systematic reviews and meta-analyses [20]. This review was duly
recorded in the PROSPERO (International Prospective Register of Systematic Reviews) under

the identification number CRD42020202391 and can be accessed online. The study was
conducted by two independent evaluators who performed the search in the databases of PubMed

/ Medline (1966-2021), Embase (1947-2021), Scopus (1950-2021), PEDro (1999-2021), and

Web of Science (1900-2021), and athird evaluator was consulted in cases of disagreement. The
study selected randomized clinical trials using Boolean operators “AND” and “OR” in the

combination of the MESH descriptors (Medical Subject Headings) and keywords: “Cerebral

palsy” OR “Spastic diplegia” OR “Bilateral cerebral palsy” OR “Bilateral spastic cerebral

palsy” AND “Resistance Training” OR “Resistance Exercise” OR “Strength Training” AND

“Locomotion” OR “Walking” OR “Gait” OR “Step” (Table 1). The initial phase of screening
was based on the title and abstract regarding the presence of cerebral palsy and resistance

training. The full-text screening was based on inclusion/exclusion criteria.

lusi | exclusion criteri

Randomized clinical trials involving individuals of both sexes and any age with spastic

diplegia were included. Ifthe study did not classify cerebral palsy with spastic diplegia, had no

locomotion as an outcome, no physical resistance training, or presented any other

methodological design other than a randomized clinical trial, the study was excluded. This

review included studies that conducted resistance training programs that included a primary
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strength or resistance training program aiming mainly at the lower extremity muscles. Studies
that performed only exercises for the upper limbs were excluded. To be included the study

should report as primary outcome locomotion-related outcomes (scales such as gross motor

function measurement, time up and go, ten meters walk test, lateral step-up, maximal step

length, 6-min walk distance, walking speed, steps/day), and strength or other available

assessments as a secondary outcome. There was no year and language restriction.
D xtraction

Information extraction on study and program characteristics, as well outcomes were
then extracted from articles that met the inclusion criteria independently by the two evaluators

and summarized in tables. Study characteristics included participant’s age, sample size, gender,

CP classification, and the number of trained individuals (Table 2). Extracted data about the
resistance training program included the type of training, number of exercises, frequency, sets

and repetitions, evolution, rest time, session time, and intervention duration (including extended

follow-up period after the cessation of intervention) (Table 3). The data extracted on the

outcomes related to locomotion were presented in Table 4.

\ysis of risk bi

The quality of the articles was evaluated using PEDro Scale (Physiotherapy Evidence

Database), which was developed to help users of this database to identify studies that are more
likely to have greater internal validity as well as those that have statistical information which

adequately guides clinical decision-making [21]. Each of the selected articles is scored on a

scale ranging from 0 to 10. Two independent evaluators verified the risk of bias and a third-
party evaluator independently verified any divergence between the two. According to that scale,

the score was only reached when a criterion was satisfactorily met. If it was not met, this

criterion did not receive any score [21]. PEDro Scale presents the reliability of most of the items
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from moderate to high by the Kappa index, which is an interobserver index and measures the

degree of the agreement only by chance ranged from 0.40 to 0.73, with an average of 0.58.

Total PEDro score has a moderate: ICC = 0.54 (95% CI: 0.39 + 0.71). These reliability

coefficients refer to judgments made by a single evaluator. To avoid the possibility of error, the

studies are evaluated by 2 evaluators and when there is no consensus among these, the study is

evaluated by a third evaluator [21].

RESULTS
Search results

After a first search with the combinations of descriptors selected, 430 articles were

identified through an electronic database. After the exclusion of the 138 duplicate articles, and

analysis of the 292 titles and abstracts, 74 articles were remaining to a full assessment for
eligibility. Finally, 63 articles were excluded, and 11 articles were included in the final analysis.

All the studies were published in English. Figure 1 shows the flowchart of the research that

shows how this selection was performed.
| | classificati

The quality of the articles was evaluated using PEDro Scale (Physiotherapy Evidence
Database). Of the 11 trials selected for this review, 5 were classified according to the PEDro

Scale with quality evaluation at 7 and 8/10. Other 5 studies were rated on 5 and 6/10, and one

rated on 4/10 (Table 2), all based on the 11 items on the scale.

Participants

Six studies evaluated people under 19 years old [22-27], two studies were composed of
participants between 14 and 22 years old [9, 28], and three studies assessed individuals above

21 years old [12, 29, 30] (Table 3). Participants across all studies were ambulatory, with or

without the use of an assistive aid (Gross Motor Functioning Classification System [GMFCS]
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level I-111). Therefore, the included studies showed heterogeneities regarding the age groups
used. In nine of the eleven studies, participants were assigned to either a resistance training

protocol or a control group randomly [9, 12, 23-29]. In one study, participants were randomly
assigned to a strength training or a whole-body vibration intervention [30]. One study randomly

assigned the participants to a slow or self-paced sit-to-stand training [22].
haracteristics of resistance trainin
The included studies presented several types of physical resistance training performed
in children with spastic diplegia performed using free weights, machines, or bodyweight for the

major muscle groups. Four treatment studies used the Sit to Stand (STS) with weight-bearing

vest [22, 23], one along with loaded one-step [25], and another along with half-kneeling

standing up and side step-up [27]. Two others involved the use of loads from stations or

equipment in community gymnasiums [9, 28]. Two studies used exercises designed to target

the ankle plantarflexor, dorsiflexors, knee extensor, and hip extensor muscle groups [24, 26].

Two studies applied resistance training in a leg press device [29, 30]. One prescribed exercises

for upper and lower limbs [12] (Table 4). The duration of training in the studies ranged from 6

to 12 weeks, being 4 studies for 6 weeks [22-24, 27], 3 studies for 12 weeks [9, 25, 26], 3
studies for 8 weeks [25, 29, 30] and 1 study for 10 weeks [12]. Regarding the frequency of

training, almost all studies employed training at least 3 times a week [22-27, 29]. Only 3 studies
applied training 2 times a week [9, 12, 28]. The studies used between 1 and 4 sets per day with

anamount of 5 to 15 repetitions of each exercise, when applicable [9, 12, 30, 22-29]. The rest

between sets varied from 30 seconds to 3 minutes. Training volume and frequency varied in the

studies according to the age of the individuals and the type of exercise chosen in the study

(Table 4).

Qutcome measures
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Primary outcomes

The four studies that used STS showed benefits in parameters of locomotion. Liao et

al. [23] demonstrated that training for 6 weeks was able to promote one parameter of locomotor
activity (GMFM) when compared to aregular physiotherapy group. There were no differences

in gait speed [23]. The study conducted by Kusumoto et al. showed an improvement in 6MWD

(6-min walk distance), especially in the group that performed the slow STS, after 6 weeks of

training. There were no differences in the scale that evaluates the selective control assessment

of the lower extremity (SCALE) [22]. Kimoto et al., which also used loaded one step in their

study, observed positive effects on MSL (maximum step length) and step length after an 8-

week intervention that persisted after an 8-week follow-up period when compared to the control

groupthat received only regular physiotherapy. The change score of walking speed and cadence
was not significantly different [25]. Cho and Lee et al. (2020) reported that gross motor function

measure (GMFM) in functional ability was significantly increased after functional progressive
resistance exercise (sit-to-stand, half-kneeling standing up, and side step-up) for 6 weeks. In

the two studies where the progressive resistance training program was performed with weight

machines in community gymnasiums, no improvements were seen in locomotion after 12 or 24

weeks [9, 28], however, improvements in self-reported functional mobility (Functional

Assessment Questionnaire) were reported [9]. Engsberg et al., focusing on dorsiflexors,

plantarflexors or plantarflexors and dorsiflexors for 12 weeks, reported that significant

improvements in Gross Motor Function Measure (GMFM) walk-run-jump dimension, and gait

kinematics for the entire training group when compared to no strength training control group.
Gait speed was not significantly increased [26]. A leg press device was used by two other

studies [29, 30]. They reported that the training group did not improve their walking, balance,
and gross motor function after 8 weeks [29, 30]. Andersson et al. studied the effects of

progressive strength training consisted of ten exercises with emphasis on the lower extremities
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for 10 weeks on walking ability. Individuals who did not receive strength training served as
controls. They reported improvements in standing and walking dimensions of gross motor

function measure, as well walking velocity and balance [12] (Table 5).

Secondary outcomes

Two parameters that are associated with muscle strength and body function (1-RM

STS, physiological cost index), PCI (Physiological cost index) were improved in two studies
that used only STS [22, 23]. The knee extensor strength was not improved in either study [22,

23]. On the other hand, the study that used STS with half-kneeling standing up and side step-
up reported a significant increase in knee extensor strength, muscle tone, and dynamic balance

[27]. Evaluating the results obtained after training with weight machines in community

gymnasiums, improvements were seen in muscle strength. Bania et al. reported a tendency for
an increase in 1RM leg press strength after a 12-week intervention, but not after a 24-week

follow-up period [28]. Similarly, Taylor et al. reported increased muscle strength of targeted

muscles after 12 weeks [9]. Dodd et al. and Engsberg et al. used exercises designed to target

the ankle plantarflexor, dorsiflexors, knee extensor, and hip extensor muscle groups. Dodd et

al. described an increase in the ankle plantarflexor-knee extensor strength at six weeks that
persisted after a 12-week follow-up period. Also, a beneficial effect on total extensor strength

was reported as a trend over the six weeks [24]. Engsberg et al. reported that significant
improvements in strength focusing on dorsiflexors, plantarflexors or plantarflexors and
dorsiflexors [26]. Using a leg press device, Maeland et al. reported that the training group
improved their performance in the leg press, however, did not improve their functional lower
limb strength or isokinetic strength after 8 weeks [29]. Alike, Ahlborg et al. reported increased

muscle strength without negative effect on spasticity after 8 weeks [30]. Andersson et al.

reported improvements in muscle strength after progressive resistance training for 10 weeks

focusing on the lower extremities without an increase in spasticity [12].

10
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Adverse effects

Studies that evaluated spasticity after resistance training did not report any worsening

ofthis parameter [12, 26, 30]. One study even reported a significant decrease in spasticity after
a 12-week strength training program [26]. There were no serious adverse events in all other

studies during and after the resistance training program apart from pressure on the shoulders

from the body vest during the loaded STS [23, 24], mild foot and ankle discomfort [24], minor

calf strain and minor discomfort to the plantar fascia [9], and short-term muscle soreness [9,

28]. No study reported missed training sessions because of these adverse effects, but rather

adjustments in the training program so that it could be continued without further incident.

DISCUSSION

In this review, we aimed to summarize clinical evidence of the effect of resistance
training in the locomotion of individuals with spastic diplegia, the most common form of

cerebral palsy. This is the first review, to our knowledge, involving only individuals with spastic

diplegia. This review showed that positive changes in locomotion and strength can be obtained
from resistance training at different ages. However, our conclusion is based on heterogeneous

studies, and only a few of the included articles that observed positive changes carried out an

extended follow-up of trial participants after the end of the training regimen period.
Improvements in locomotion and strength have been reported by other review studies

with statistical relevance, which reiterates the possibility to use resistance training in individuals
with spastic diplegia or other types of cerebral palsy at different stages of life [13-15, 19]. This

type of intervention started to be considered for the treatment of this population given the strong
association between muscle strength, gross motor function, and mobility [31]. Indeed, muscle
weakness has been identified as one of the primary deficits contributing to motor dysfunction
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in individuals with CP [32]. However, the evidence presented in the literature, as well as ours,

has shown that there is no standardization in the selected clinical trials in the characteristics of
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the intervention and assessment methods. The inconsistency of the design of the training
programs comes fromthe great variability of the resistance training program (e.g. type, numbers

of exercises, intensity, duration), and the numerous instruments used to evaluate the outcomes

related to motor function.

The NSCA guidelines state that a resistance program for the youngs should last 8 to 20

weeks [33]. In this review, only two of the studies carried out the intervention for at least 8

weeks in individuals under 19 years old, while the others three held for just 6 weeks.
Surprisingly, however, Dodd et al. [24] described an increase in the ankle plantarflexor-knee

extensor strength and activities in walking, running, and jumping, as well as stair climbing after
six weeks of training that persisted after a 12-week follow-up period without training. Also, all

other studies found positive effects of resistance training (6-12 weeks) in at least one
locomotion-related outcome [22-27]. These studies used different types of training, including

loaded sit-to-stand, bilateral heel raises and half squats, and step-ups, plantarflexors and/or

dorsiflexors exercises, loaded one-step, half-kneeling standing up, and side step-up. This result
is interesting because two of these studies performed exercises focused directly on the ankle

plantarflexors. The ankle plantarflexors, which are muscles that extend the ankle, but not the

knee extensors, are the most harmed in individuals with cerebral palsy [34].

The results in studies that included individuals over 18 years of age (age mean > 18

years) were, somehow, controversial. Studies that used a leg press device and resistance training

in community gymnasiums and lasted from 8 to 12 weeks reported no changes in walking
ability, balance, gross motor function [29, 30], and in any objective measure of mobility [9].

Another study reported improvements in muscle strength, standing, and walking dimensions of
gross motor function measure, as well walking velocity and balance without an increase in

spasticity after 10 weeks of progressive resistance training composed by ten exercises [12]. So,

although there is no consensus, it is possible to suggest that this discrepancy in the results is

13
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due to the difference in the applied exercises or even that longer periods of training are needed.
Also, as stated by the authors of one of the studies, conducting studies in community

gymnasiums can be a complicated task and less controlled as it could be ina laboratory setting

[9]. There is a need for longitudinal studies with better age division, considering that one of the

studies included individuals from 27 to 69 years old [29], besides also evaluating dose-response

relationship between resistance training and outcomes. More importantly, these results may
suggest that to achieve a significant improvement in motor function, it is possible that more

specific strength exercises may need to be performed (i.e. targeting specific muscles that are
essential to a normal gait pattern), in addition to other types of training such as concurrent

strength training. As demonstrated in a recent study, when performed with the resistance

training of the lower limbs, high-intensity functional anaerobic exercise improved the

functional capacity of young adults [35].

Different tools were used to assess improvements in participants' mobility, including

6MWD, 10MWT, GMFM, timed stairs test, TUG, self-reported functional mobility, and MSL,
making comparison difficult. The tools most used by the studies were 6MWD, 10MWT, and

GMFM. None of the studies reported improvements in the 10MWT test, making this tool the

only one where no benefits were observed when used in at least two different studies. On the
other hand, the tool most associated with benefits was the GMFM, especially the dimensions

D, which evaluates activities in standing, and dimension E, which assesses walking, running,
and jumping activities [36]. Taylor et al. [9] performed the largest number of measures of

mobility (6MWD, 10MWT, stairs test, and gross motor function at 12 weeks and 24 weeks)
and found no significant differences in any of them. Interestingly, there was indeed an

improvement in self-reported functional mobility (Functional Assessment Questionnaire). The

authors raised the possibility that resistance training increased the confidence that participants

had in their mobility or improved aspects that were not evaluated [9]. Thus, the lack of results
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in objective measures of mobility does not exclude the possibility of improvements in the
perception of mobility, an important psychosocial benefit [9]. Also, several studies have already

demonstrated beneficial effects on the cardiovascular system and metabolism, making

resistance training an important tool for reducing the risk reduction of various diseases and

conditions [37—40]. No other study in this review evaluated self-reported functional mobility.

Thereby, future studies must evaluate both objective measures of mobility and self-reported
functional mobility. Also, standardization of tools depending on the type of resistance training

applied may favor the comparison of future studies. For example, in this review, only loaded
sit-to-stand was used by at least three different studies. All studies showed improvements in

locomotion, however, there was no standardization in the tools used. One study employed

6MWD, another study used 10MWT and GMFM, and 10MWT and MSL were applied by

another.

Strength outcomes from the included studies in our review were reported as secondary

outcomes alongside the locomotion-related outcomes. Not all studies where objective benefits
in locomotion were found reported increased strength. In the studies where only STS was

performed, no change in strength was found, despite benefits in locomotion-related outcomes.

As described by Kusumoto et al. [22], STS exercise results in an isotonic contraction. The
muscle contraction used to determine the maximum knee extensor strength was an isometric

contraction (dynamometer) in both studies that evaluated the maximum knee extensor strength
[22, 23]. Thus, future studies should consider evaluating the isotonic muscle strengthening after

the loaded STS movement. Engsberg et al. [26] recorded the maximum torque values for both
dorsiflexion and plantarflexion after specific training for these muscles using an isokinetic

dynamometer. They found that most subjects increased their strength in the trained muscles

[26]. Dodd et al. [24] assessed the strength of the ankle plantarflexors, knee extensors, and hip

extensors using a hand-held dynamometer. They reported increased combined ankle

15
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plantarflexor-knee extensor strength, but almost no increase in plantarflexor strength [24].

These different results may be due to training the ankles in isolation in the first study compared

to multiple muscles training in the second. Also, using a handheld dynamometer to test ankle

plantarflexor strength can be challenging and not suitable. Andersson et al. used both an

isometric hand-held dynamometer and an isokinetic dynamometer. Significant improvements

were seen in isometric strength and isokinetic concentric work at 30°/s, but not in eccentric
work. This highlights the importance of performing different tests to assess muscle strength due

to the strong association between muscle strength, gross motor function, and mobility

previously addressed [31].

To our knowledge, no systematic review was conducted evaluating the effects of
resistance training in individuals with spastic diplegia. However, this review has a few
limitations. The included studies evaluated the effects of different types of resistance training,

including volume, frequency, and duration, in addition to different tools to assess the results on

motor function, which did not allow the performance of meta-analysis. The results of the risk
of bias tool generally suggest that most of the studies evaluated have a score quality between

good (5-6 points out of 10) and excellent (7-8 points out of 10), which could be associated with

the randomization, allocation, similarity between groups at the beginning of the intervention,
blinding of the evaluators and at least one key result was obtained in more than 85% of the

subjects initially distributed by the groups. However, only a few of the included articles that
observed positive changes carried out an extended follow-up of trial participants after the end

of the training regimen period, reducing the confidence of the results obtained. On the other
hand, all studies performed progressive resistance training considering that it is known that

resistance training needs to progress due to the adaptation and strengthening of the musculature

[33]. This implies the need for future studies must continue to progress their training intensity

throughout the program to evaluate the importance of training on motor function in individuals
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with cerebral palsy at different ages. This review also highlights that the articles included in
this study reported any or very few unimportant adverse effects, especially in spasticity. One

study even reported a significant decrease in spasticity after a 12-week strength training
program [26]. This reinforces the importance of resistance training to continue to be applied to

these individuals even without improvements in objective measures of mobility.

NCLUSION

The evidence presented in this systematic review offers limited evidence in support of
a resistance training program as a strategy to improve motor function in individuals with spastic

diplegia. However, due to the low risk of adverse effects and other health-related benefits,

resistance training should continue to be used for these individuals. Further studies should:

follow the participants for an extended period after the end of the intervention to enable better

assessments of motor function; evaluate the dose-response relationship between resistance
training and outcomes; focus on strengthening specific muscles that are essential to a normal

gait pattern; and consider including both objective measures and self-reported functional

mobility to assess the effects of training.

CLINICAL MESSAGES

e This review showed that positive changes in locomotion and strength can be obtained
fromresistance training carried out for at least 6 weeks at different ages for individuals

with spastic diplegia, despite the need for further studies.
e Different resistance training programs were associated with improvements in

locomotion, including loaded sit-to-stand, full-body training, and specific dorsiflexors-

plantarflexors training.
e Due to the low risk of adverse effects and other health-related benefits, resistance

training should continue to be used for individuals with spastic diplegia. Studies that

17
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evaluated spasticity after resistance training did not report any worsening of this
parameter.

e Objective measures and self-reported functional mobility can and should be used by the

studies to assess the effects of training.
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Figure 1. PRISMA flow diagram of study selection process.
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Table 1.

Standard terms used in search strategy.

Search strateqy

Component Terms/Boolean operators

O 00 NOUT DN WN =

Population (cerebral palsy*) OR (spastic diplegia) OR (bilateral cerebral palsy)
OR (bilateral spastic cerebral palsy)

—_
o

_ = -
N wnN

AND
Intervention (resistance training*) OR (resistance exercise) OR (strength training)

_ A -
[o RN e 36, ]

AND
Outcomes (locomotion*) OR (gait*) OR (walking*) OR (step)

N —
o o

O\U'IU'IU'IU'IU'IU'IU'IU'ImmAAAAAﬁAAAAwwwwwwwwwwNNNNNNNNN
O VWOoONOCOUDNWN-_OVOONO WU WIN-_OVWVWOONOOUUNWN_LOOVOONOUTNWN =
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Note: the terms used varied according to the requirements of the database. *MESH terms.
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Table 2: Bias risk analysis

Authors/year PEDRO 1 2 3 4 5 6 7 8 9 10 1
SCALE

Kusumoto, Nittab, Takaki 8/10
(2016) [22]

+
+
+
+
.
.
+
+
+
+
+

Liao et al. (2007) [23] 5/10 + o+ - + - - + - - +
Dodd et al. (2003) [24] 6/10 + o+ o+ - - -+ o+ - +
Maeland et al. (2009) [29] 710 + o+ o+ - - -+ o+ o+ o+
Bania et al. (2016) [28] 6/10 + + + o+ - - + - - +
Ahlborg et al. (2006) [30] 7110 + o+ - + - -+ o+ o+ o+
Taylor et al. (2013) [9] 7/10 + + + O+ - - + o+ - +
Andersson, et al. (2003) 6/10 + + - + - - + + - +
Engsberyg, e[t1 ﬂ (2006) [26] 4/10 + o+ - + - - - - - +
Kimoto et al. (2019) [25] 7/10 + o+ - + - - + o+ o+ o+
Cho and Lee (2020) [27] 6/10 +  F + - -

Table: 1. "Were the eligibility criteria specified? 2. Subjects were randomly assigned to groups (in a cross-
over study, subjects were randomly placed in groups according to treatment received); 3. Was the subject
allocation secret? 4. Initially, were the groups similar in terms of the most important prognostic indicators?;
5. Did all subjects blindly participate in the study?; 6. Did all the therapists who administered the therapy do
it blindly?; 7. Did all the evaluators who measured at least one key result do so blindly?; 8. Were

measurements of at least one key result obtained in more than 85% of the subjects initially distributed by the
groups?; 9. Did all subjects from which outcome measures submitted receive the treatment or control
condition according to the allocation or, where this was not the case, were the data analyzed for at least one
of the key outcomes by "Intention to treat"?; 10. Were the results of inter-group statistical comparisons
described for at least one key outcome?; 11. Does the study present both precision measures and measures
of variability for at least one key outcome? "Criterion 1) regarding the external validity (or" applicability "of
the clinical trial or “potential of generalization”) was maintained so that the Delphi list is complete, but this
criterion will not be used to calculate the PEDro score presented at the PEDro web address; (+) YES (-) NO.
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Table 3.
Study characteristics
Author(s)/ Year Age mean andor Sample size Gender (M/F) Gross Motor Function Trained
range Classification System individuals
Kusumoto, Nittab, Takaki (2016) [22] 12-18 16 16/0 I-11 16
Liao et al. (2007) [23] 5-12 20 12/8 I-11 10
Dodd et al. (2003) [24] 13.1 (8-18) 21 10/11 -1l 11
Maeland et al. (2009) [29] 43.0 (27-69) 12 4/8 -1 6
Bania et al. (2016) [28] 87 (14-22) 36 18/18 -1 15
Ahlborg et al. (2006) [30] 01.2(27-4.) 14 8/6 I-111 7
Taylor et al. (2013) [9] 18.1 (14-27) 48 26/22 -1l 23
Andersson et al. (2003) [12] 31.4 (23-41) 17 11/7 Ambulatory with aids 10
Engsberg et al. (2006) [26] 9.7 (SD 3.52) 2 3/9 I-111 9
Kimoto et al. (2019) [25] 10.1 (4-19) 2. 14/7 111 10
Cho and Lee (2020) [27] 6-13 25 12113 -1l 13
27
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6
7 Author(s)/

8
g9Year

10

Type of training (design)

Number of

exercises

Frequency Sets (reps)

Evolution

Rest time
between
sets

Session
time

Intervention
duration

fSiwets

11

1o Kusumoto,
13Niittab, Takaki
14(2016) [22]
15

16

17

18Liao et al.
19(2007) [23]
20

25Dodd et al.
26(2003) [24]
27

28
29
30

31
32

36
37
38
39
40
41
4
43
44
45

44

Loaded sit-to-stand (slow
vs self-paced [5 s sit-to-
stand + 5s stand-to-sit])

Loaded sit-to-stand
(experimental vs control)

Ankle plantarflexor, knee
extensor, and hip

extensor exercises:

Bilateral heel raises and
half squats, and step-ups
(experimental vs control)

Seated leg press

1

1

3

4 sets/day (10 reps) starting

3-dxiweek with 30% 1-RM

3 sets/day (1x 10 repetitions

3x/week  with 20% 1-RM, 1x with 50%
1-RM, and 1x with 20% 1-RM)

3x/week 3 sets/day (8-10 reps of each)

4 sets/day (2 weeks, 12-15 reps

weeks 4-6 reps with 85% 1-

http://mc.manuscriptcentral.com/clinrehab

Load adjustments of each
trial with increased 1 to 4kg

Load adjustments to 50% of
1-RM STS every 2 weeks

according to the 1-RM STS
results of the latest loaded
STS test

Load adjustments at the end

of the second and fourth
week (targeting 8 to 12 reps)

Load adjustments to 60-75%
of 1-RM for 2 weeks and

min 15 min

20-30

min )
min

20-30
min

28

6 weeks (0)

6 weeks (0)

6 weeks
(+12)
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33Maeland et al. fimental trol 1 3xiweek ~ With60-85% 1-RMand (6 85% 1-RM for 6 weeks. 3 min - 8 weeks
34(2009) [29] (experimental vs control) Load increase (5-10 kg) was
35 RM) used when necessary

36

37

38

39

40

41
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WN =

4Bania et al.
2(2016) 28]
7

§

Ahlborg et al.
10

11(2006) [30]
12

13
14

15Taylor et al.
162013) [9]
17

18

19
20

21Andersson et al.

22(2003) [12]
23

24
25
26
EgEngsberg et al.
29

30(2006) [26]

3

32

33

34
35

36Kimoto et al.

37(2019) [25]
40
41
42
43
44
45

44

Community gymnasiums
(experimental vs control)

Leg press device
(resistance training vs
whole-body vibration)

Community gymnasiums
(experimental vs control)

Exercises with emphasis

on the lower extremities
(experimental vs control)

Isokinetic dynamometer:
Plantarflexors and/or

dorsiflexors exercises
(experimental vs control)

One-step and loaded sit-

38
39

4-6

10

2x/week

3x/week

2x/week

2x/week

3x/week

Clinical Rehabilitation

2-3 sets (10-12 reps)

3 sets (10-15 reps) 70% 1-RM

3 sets (10-12 reps) 60% to 80%

1-RM

3 sets (10 reps of each) 70% 1-

RM

3 sets (five repetitions at 30

degrees per secon
concentrically an

eccentrically) + 3 sets (five
repetitions at 90 degrees per
second concentrically and

eccentrically)

2 sets of one-step (10 reps of

to-stand (experimental vs control)

http://mc.manuscriptcentral.com/clinrehab

Load adjustments when
participants could complete 3
sets of 12 repetitions

After the first or second

week the load was about
70% of 1 RM

When able to complete three
sets of 12 repetitions of an
exercise, the weight to be
lifted was increased at the

next session

Load adjustments when the

participant managed to do
more than 10 repetitions per
set

Load was equal to or greater
than 80% of 1-RM with the

maximum being determined
at the beginning of each
training session

2 3x/week  each)

12 weeks
(+12)

2 min - 8 weeks

12 weeks

2 min - (+12)

10 weeks

2 min - 12 weeks

80% of maximum step
length

30
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40
41
42
43

45
46

Load adjustments to 50%
1- n
RM at 2, 4 andi6 weeks
5

%

|Or—+|r—+—-m§;U|

O S5 —~+w!w

8 weeks (+8)
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WN =

4cho and L Sit to stand, half-kneeling 5 reps in first two weeks, 10  Weight was increased every
g 1o and Lee standing up and side 3 aw/week  fimes inweeksthreeand four,  two weeks by5%, 10%and 3051
, (2020) [27] step-up (experimental vs and 15 times in the last two 35% based on their body min

7 control) weeks weight

30 min 6 weeks

8
9

10

11

12

13

14

15

16

17

18

19

20

21

2

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

43
44
45

46
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6
7
gAuthor(s)/ Year

S
19Kusumoto, Nittab, Takaki (2016) [22]

12Ljao et al. (2007) [23]
13
14Dodd et al. (2003) [24]

12Maeland et al. (2009) [29]
17Bania et al. (2016) [28]
8

1
19Ahlborg et al. (2006) [30]

2OTaonr et al. (2013) [9]
21

22 Andersson et al. (2003) [12]

23
24Engsberg et al. (2006) [26]

BKimoto et al. (2019) [25]
26

27Cho and Lee (2020) [27]

6MWD

10MWT

o o o

0

GMFM

Timed stairs
test

TUG

Self-reported
functional
mobility

MSL

1

Steps/day

9298 WD, 6-minute walk test; LOMWT, 10 meter walk test; GMFM, gross motor function measure; TUG, timed up and go; MSL, maximum step length. <0 and “1”” means

A8 change or improvement in the parameter, respectively.

31
32
33
34
35
36
37
38
39
40
M1

42
43

44
45
46

€

means parameters not evaluated.
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	6 Background: Resistance exercise is one of the most used among physiotherapists who treat CP
	8 patients. Objective: To analyze the effect of resistance training in the locomotion of individuals
	11 with spastic diplegia. Methods: The research was carried out in the databases for articles
	13 assessing the effects of resistance training on locomotion-related outcomes in individuals with
	15 spastic diplegia at different stages of life. Results: The research found a total of eleven studies.
	18 There was no standardization of training parameters, and follow-up after the end of the training
	20 regimen period was carried out by only a few of them. However, different resistance training
	22 programs carried out for at least 6 weeks in children, adolescents, and adults were associated
	24 with improvements in locomotion, as well as strength increase. There were no serious adverse
	27 effects in all studies. Conclusion: The results suggest that resistance training can positively
	29 impact motor function and muscle strength in individuals with spastic diplegia. However,
	31 further studies should follow the participants for an extended period after the end of the
	34 intervention to enable better assessments, as well as evaluate the dose-response, focus on
	36 strengthening specific muscles and include both objective measures and self-reported
	38 functional mobility. Due to the low risk of adverse effects and other health-related benefits,
	41 resistance training should continue to be used for these individuals.
	43 Keywords: “Rehabilitation”, “Motor skills”, “Muscle Spasticity”, “Walking”, “Resistance

	3 INTRODUCTION
	6 Cerebral palsy (CP) is the most common physical incapacity of children in the
	8 developed world, and it occurs in about 2 to 2,5 children per 1000 live births [1]. CP describes
	11 a group of abnormalities that are permanent and non-progressive in the developing brain of
	13 fetuses or infants leading to disturbances in movement and posture, causing activity limitation
	15 and functional impact [2]. CP presents several injuries caused by damage in the immature brain
	18 and has a serious cognitive impact on perception and sensation [3]. The CP complexity was
	20 defined by the anatomical location of the brain lesion (cerebral cortex, pyramidal tract,
	22 extrapyramidal system, or cerebellum) [4]. In the diagnosis of CP, as a consequence of
	24 spasticity and malformation of joints, the Gross Motor Function Classification System is used
	27 to measure motor alterations [3]. The different spasticity patterns are generally classified as
	29 hemiplegic, diplegic, and quadriplegic [5]. Among the main types of CP motor dysfunction
	31 (spastic, ataxic, hypotonic, dyskinetic, and mixed), the spastic type is the most frequent [6].
	37 [6]. Although the causative cerebral lesion is static, children with spastic diplegia typically go
	39 through a progression of abnormalities of muscle tone, posture, and gait [7]. As the child ages,
	41 progressive spasticity of the hip flexors and hamstrings can result in a crouch gait, which makes
	43 prolonged walking difficult, thus giving the appearance of neurological deterioration [8]. An
	46 individual with spastic diplegia walks more slowly than an individual in the same conditions
	48 without CP and has more difficulty in performing activities such as walking, running, and
	50 climbing stairs [9]. Also, the capacity of walking deteriorates with age, making all the concerns
	53 with strength and mobility relevant to the preservation and improvement of their ability to move
	55 [9]. In fact, around 25% of ambulant adults with cerebral palsy, especially those who are older
	57 and presenting bilateral motor impairment, suffer gait decline [10].
	3 Functional motricity affected by the limitations of Cerebral Palsy can be improved
	5 with the early therapeutic intervention [11]. Formerly, there was a concern about the possibility
	8 of resistance training causing an increase in spasticity [12]. Systematic reviews have shown
	10 thenceforward that resistance training can benefit PC patients with respect to function and
	12 muscle strength [13–15]. In fact, a recent study shows that resistance exercise is one of the most
	15 used among physiotherapists who treat  CP patients [16]. However, to promote the
	17 musculotendinous adaptation, it is necessary adequate training as well as a duration coherent
	19 with the type of structure and the individual to be trained [17]. Meanwhile, the reviews
	21 published to date have not evaluated specific types of cerebral palsy.
	24 Several reviews were conducted to assess the effects of resistance training on cerebral
	26 palsy. The first systematic review to pool data from randomized trials of strengthening
	28 interventions in children and adolescents with cerebral palsy was published in 2009. The
	31 authors reported that the intervention does not increase strength or improve activity in cerebral
	33 palsy [18]. However, electrical stimulation was included as a strengthening intervention and
	35 different types of cerebral palsy were included. The results of another review offer evidence for
	38 improving muscle strength in adults with CP after strength training. Likewise, different types
	40 of cerebral palsy were included in this review [19]. Later, Collado-Garrido et al. reported a
	42 positive impact of resistance therapy on motor function in individuals under 18 years old with
	44 CP. The authors did not specify the type of CP and several studies that used functional training
	47 were included [14].
	49 It is therefore important to evaluate the effects of resistance training on the motor and
	51 muscular abilities of individuals with different types of cerebral palsy separately. Thus, the
	54 clarification of such information will be of vital importance to contribute to the strategies of
	56 treatment of individuals with motor incapacities. In this context, this review aimed to analyze
	3 the effects of resistance training on the locomotion-related parameters in individuals with
	5 spastic diplegia, the most common form of cerebral palsy worldwide.
	10 Search strategy
	13 The present systematic review followed the recommendations of the PRISMA statement
	16 for transparent reporting of systematic reviews and meta-analyses [20]. This review was duly
	18 recorded in the PROSPERO (International Prospective Register of Systematic Reviews) under
	20 the identification number CRD42020202391 and can be accessed online. The study was
	22 conducted by two independent evaluators who performed the search in the databases of PubMed
	25 / Medline (1966-2021), Embase (1947-2021), Scopus (1950-2021), PEDro (1999-2021), and
	27 Web of Science (1900-2021), and a third evaluator was consulted in cases of disagreement. The
	29 study selected randomized clinical trials using Boolean operators “AND” and “OR” in the
	32 combination of the MESH descriptors (Medical Subject Headings) and keywords: “Cerebral
	34 palsy” OR “Spastic diplegia” OR “Bilateral cerebral palsy” OR “Bilateral spastic cerebral
	36 palsy” AND “Resistance Training” OR “Resistance Exercise” OR “Strength Training” AND
	39 “Locomotion” OR “Walking” OR “Gait” OR “Step” (Table 1). The initial phase of screening
	41 was based on the title and abstract regarding the presence of cerebral palsy and resistance
	43 training. The full-text screening was based on inclusion/exclusion criteria.

	46 Inclusion and exclusion criterion
	49 Randomized clinical trials involving individuals of both sexes and any age with spastic
	51 diplegia were included. If the study did not classify cerebral palsy with spastic diplegia, had no
	53 locomotion as an outcome,  no  physical resistance training,  or presented  any other
	56 methodological design other than a randomized clinical trial, the study was excluded. This
	58 review included studies that conducted resistance training programs that included a primary
	3 strength or resistance training program aiming mainly at the lower extremity muscles. Studies
	5 that performed only exercises for the upper limbs were excluded. To be included the study
	8 should report as primary outcome locomotion-related outcomes (scales such as gross motor
	10 function measurement, time up and go, ten meters walk test, lateral step-up, maximal step
	12 length, 6-min walk distance, walking speed, steps/day), and strength or other available
	15 assessments as a secondary outcome. There was no year and language restriction.

	17 Data extraction
	20 Information extraction on study and program characteristics, as well outcomes were
	22 then extracted from articles that met the inclusion criteria independently by the two evaluators
	25 and summarized in tables. Study characteristics included participant’s age, sample size, gender,
	27 CP classification, and the number of trained individuals (Table 2). Extracted data about the
	29 resistance training program included the type of training, number of exercises, frequency, sets
	32 and repetitions, evolution, rest time, session time, and intervention duration (including extended
	34 follow-up period after the cessation of intervention) (Table 3). The data extracted on the
	36 outcomes related to locomotion were presented in Table 4.

	39 Analysis of risk bias
	42 The quality of the articles was evaluated using PEDro Scale (Physiotherapy Evidence
	44 Database), which was developed to help users of this database to identify studies that are more
	46 likely to have greater internal validity as well as those that have statistical information which
	49 adequately guides clinical decision-making [21]. Each of the selected articles is scored on a
	51 scale ranging from 0 to 10. Two independent evaluators verified the risk of bias and a third-
	53 party evaluator independently verified any divergence between the two. According to that scale,
	56 the score was only reached when a criterion was satisfactorily met. If it was not met, this
	58 criterion did not receive any score [21]. PEDro Scale presents the reliability of most of the items
	3 from moderate to high by the Kappa index, which is an interobserver index and measures the
	5 degree of the agreement only by chance ranged from 0.40 to 0.73, with an average of 0.58.
	8 Total PEDro score has a moderate: ICC = 0.54 (95% CI: 0.39 ± 0.71). These reliability
	10 coefficients refer to judgments made by a single evaluator. To avoid the possibility of error, the
	12 studies are evaluated by 2 evaluators and when there is no consensus among these, the study is
	15 evaluated by a third evaluator [21].

	20 Search results
	23 After a first search with the combinations of descriptors selected, 430 articles were
	25 identified through an electronic database. After the exclusion of the 138 duplicate articles, and
	28 analysis of the 292 titles and abstracts, 74 articles were remaining to a full assessment for
	30 eligibility. Finally, 63 articles were excluded, and 11 articles were included in the final analysis.
	32 All the studies were published in English. Figure 1 shows the flowchart of the research that
	34 shows how this selection was performed.

	37 Study score and classification
	40 The quality of the articles was evaluated using PEDro Scale (Physiotherapy Evidence
	42 Database). Of the 11 trials selected for this review, 5 were classified according to the PEDro
	45 Scale with quality evaluation at 7 and 8/10. Other 5 studies were rated on 5 and 6/10, and one
	47 rated on 4/10 (Table 2), all based on the 11 items on the scale.

	50 Participants
	53 Six studies evaluated people under 19 years old [22–27], two studies were composed of
	55 participants between 14 and 22 years old [9, 28], and three studies assessed individuals above
	57 21 years old [12, 29, 30] (Table 3). Participants across all studies were ambulatory, with or
	59 without the use of an assistive aid (Gross Motor Functioning Classification System [GMFCS]
	3 level I-III). Therefore, the included studies showed heterogeneities regarding the age groups
	5 used. In nine of the eleven studies, participants were assigned to either a resistance training
	8 protocol or a control group randomly [9, 12, 23–29]. In one study, participants were randomly
	10 assigned to a strength training or a whole-body vibration intervention [30]. One study randomly
	12 assigned the participants to a slow or self-paced sit-to-stand training [22].

	15 Characteristics of resistance training
	18 The included studies presented several types of physical resistance training performed
	20 in children with spastic diplegia performed using free weights, machines, or bodyweight for the
	22 major muscle groups. Four treatment studies used the Sit to Stand (STS) with weight-bearing
	25 vest [22, 23], one along with loaded one-step [25], and another along with half-kneeling
	27 standing up and side step-up [27]. Two others involved the use of loads from stations or
	29 equipment in community gymnasiums [9, 28]. Two studies used exercises designed to target
	32 the ankle plantarflexor, dorsiflexors, knee extensor, and hip extensor muscle groups [24, 26].
	34 Two studies applied resistance training in a leg press device [29, 30]. One prescribed exercises
	36 for upper and lower limbs [12] (Table 4). The duration of training in the studies ranged from 6
	39 to 12 weeks, being 4 studies for 6 weeks [22–24, 27], 3 studies for 12 weeks [9, 25, 26], 3
	41 studies for 8 weeks [25, 29, 30] and 1 study for 10 weeks [12]. Regarding the frequency of
	43 training, almost all studies employed training at least 3 times a week [22–27, 29]. Only 3 studies
	45 applied training 2 times a week [9, 12, 28]. The studies used between 1 and 4 sets per day with
	48 an amount of 5 to 15 repetitions of each exercise, when applicable [9, 12, 30, 22–29]. The rest
	50 between sets varied from 30 seconds to 3 minutes. Training volume and frequency varied in the
	52 studies according to the age of the individuals and the type of exercise chosen in the study

	57 Outcome measures
	6 The four studies that used STS showed benefits in parameters of locomotion. Liao et
	8 al. [23] demonstrated that training for 6 weeks was able to promote one parameter of locomotor
	10 activity (GMFM) when compared to a regular physiotherapy group. There were no differences
	13 in gait speed [23]. The study conducted by Kusumoto et al. showed an improvement in 6MWD
	15 (6-min walk distance), especially in the group that performed the slow STS, after 6 weeks of
	17 training. There were no differences in the scale that evaluates the selective control assessment
	20 of the lower extremity (SCALE) [22]. Kimoto et al., which also used loaded one step in their
	22 study, observed positive effects on MSL (maximum step length) and step length after an 8-
	24 week intervention that persisted after an 8-week follow-up period when compared to the control
	27 group that received only regular physiotherapy. The change score of walking speed and cadence
	29 was not significantly different [25]. Cho and Lee et al. (2020) reported that gross motor function
	31 measure (GMFM) in functional ability was significantly increased after functional progressive
	33 resistance exercise (sit-to-stand, half-kneeling standing up, and side step-up) for 6 weeks. In
	36 the two studies where the progressive resistance training program was performed with weight
	38 machines in community gymnasiums, no improvements were seen in locomotion after 12 or 24
	40 weeks [9, 28], however, improvements in self-reported functional mobility (Functional
	43 Assessment Questionnaire) were reported [9]. Engsberg et al., focusing on dorsiflexors,
	45 plantarflexors or plantarflexors and dorsiflexors for 12 weeks, reported that significant
	47 improvements in Gross Motor Function Measure (GMFM) walk-run-jump dimension, and gait
	50 kinematics for the entire training group when compared to no strength training control group.
	52 Gait speed was not significantly increased [26]. A leg press device was used by two other
	54 studies [29, 30]. They reported that the training group did not improve their walking, balance,
	56 and gross motor function after 8 weeks [29, 30]. Andersson et al. studied the effects of
	59 progressive strength training consisted of ten exercises with emphasis on the lower extremities
	3 for 10 weeks on walking ability. Individuals who did not receive strength training served as
	5 controls. They reported improvements in standing and walking dimensions of gross motor
	8 function measure, as well walking velocity and balance [12] (Table 5).
	13 Two parameters that are associated with muscle strength and body function (1-RM
	16 STS, physiological cost index), PCI (Physiological cost index) were improved in two studies
	18 that used only STS [22, 23]. The knee extensor strength was not improved in either study [22,
	20 23]. On the other hand, the study that used STS with half-kneeling standing up and side step-
	22 up reported a significant increase in knee extensor strength, muscle tone, and dynamic balance
	25 [27]. Evaluating the results obtained after training with weight machines in community
	27 gymnasiums, improvements were seen in muscle strength. Bania et al. reported a tendency for
	29 an increase in 1RM leg press strength after a 12-week intervention, but not after a 24-week
	32 follow-up period [28]. Similarly, Taylor et al. reported increased muscle strength of targeted
	34 muscles after 12 weeks [9]. Dodd et al. and Engsberg et al. used exercises designed to target
	36 the ankle plantarflexor, dorsiflexors, knee extensor, and hip extensor muscle groups. Dodd et
	39 al. described an increase in the ankle plantarflexor-knee extensor strength at six weeks that
	41 persisted after a 12-week follow-up period. Also, a beneficial effect on total extensor strength
	43 was reported as a trend over the six weeks [24]. Engsberg et al. reported that significant
	45 improvements in strength focusing on dorsiflexors, plantarflexors or plantarflexors and
	48 dorsiflexors [26]. Using a leg press device, Maeland et al. reported that the training group
	50 improved their performance in the leg press, however, did not improve their functional lower
	52 limb strength or isokinetic strength after 8 weeks [29]. Alike, Ahlborg et al. reported increased
	55 muscle strength without negative effect on spasticity after 8 weeks [30]. Andersson et al.
	57 reported improvements in muscle strength after progressive resistance training for 10 weeks
	59 focusing on the lower extremities without an increase in spasticity [12].
	6 Studies that evaluated spasticity after resistance training did not report any worsening
	8 of this parameter [12, 26, 30]. One study even reported a significant decrease in spasticity after
	10 a 12-week strength training program [26]. There were no serious adverse events in all other
	13 studies during and after the resistance training program apart from pressure on the shoulders
	15 from the body vest during the loaded STS [23, 24], mild foot and ankle discomfort [24], minor
	17 calf strain and minor discomfort to the plantar fascia [9], and short-term muscle soreness [9,
	20 28]. No study reported missed training sessions because of these adverse effects, but rather
	adjustments in the training program so that it could be continued without further incident.
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	28 In this review, we aimed to summarize clinical evidence of the effect of resistance
	30 training in the locomotion of individuals with spastic diplegia, the most common form of
	32 cerebral palsy. This is the first review, to our knowledge, involving only individuals with spastic
	35 diplegia. This review showed that positive changes in locomotion and strength can be obtained
	37 from resistance training at different ages. However, our conclusion is based on heterogeneous
	39 studies, and only a few of the included articles that observed positive changes carried out an
	42 extended follow-up of trial participants after the end of the training regimen period.
	44 Improvements in locomotion and strength have been reported by other review studies
	46 with statistical relevance, which reiterates the possibility to use resistance training in individuals
	48 with spastic diplegia or other types of cerebral palsy at different stages of life [13–15, 19]. This
	51 type of intervention started to be considered for the treatment of this population given the strong
	53 association between muscle strength, gross motor function, and mobility [31]. Indeed, muscle
	55 weakness has been identified as one of the primary deficits contributing to motor dysfunction
	58 in individuals with CP [32]. However, the evidence presented in the literature, as well as ours,
	60 has shown that there is no standardization in the selected clinical trials in the characteristics of
	3 the intervention and assessment methods. The inconsistency of the design of the training
	5 programs comes from the great variability of the resistance training program (e.g. type, numbers
	8 of exercises, intensity, duration), and the numerous instruments used to evaluate the outcomes
	10 related to motor function.
	13 The NSCA guidelines state that a resistance program for the youngs should last 8 to 20
	15 weeks [33]. In this review, only two of the studies carried out the intervention for at least 8
	18 weeks in individuals under 19 years old, while the others three held for just 6 weeks.
	20 Surprisingly, however, Dodd et al. [24] described an increase in the ankle plantarflexor-knee
	22 extensor strength and activities in walking, running, and jumping, as well as stair climbing after
	24 six weeks of training that persisted after a 12-week follow-up period without training. Also, all
	27 other studies found positive effects of resistance training (6-12 weeks) in at least one
	29 locomotion-related outcome [22–27]. These studies used different types of training, including
	31 loaded sit-to-stand, bilateral heel raises and half squats, and step-ups, plantarflexors and/or
	34 dorsiflexors exercises, loaded one-step, half-kneeling standing up, and side step-up. This result
	36 is interesting because two of these studies performed exercises focused directly on the ankle
	38 plantarflexors. The ankle plantarflexors, which are muscles that extend the ankle, but not the
	41 knee extensors, are the most harmed in individuals with cerebral palsy [34].
	43 The results in studies that included individuals over 18 years of age (age mean ≥ 18
	46 years) were, somehow, controversial. Studies that used a leg press device and resistance training
	48 in community gymnasiums and lasted from 8 to 12 weeks reported no changes in walking
	50 ability, balance, gross motor function [29, 30], and in any objective measure of mobility [9].
	53 Another study reported improvements in muscle strength, standing, and walking dimensions of
	55 gross motor function measure, as well walking velocity and balance without an increase in
	57 spasticity after 10 weeks of progressive resistance training composed by ten exercises [12]. So,
	60 although there is no consensus, it is possible to suggest that this discrepancy in the results is
	3 due to the difference in the applied exercises or even that longer periods of training are needed.
	5 Also, as stated by the authors of one of the studies, conducting studies in community
	8 gymnasiums can be a complicated task and less controlled as it could be in a laboratory setting
	10 [9]. There is a need for longitudinal studies with better age division, considering that one of the
	12 studies included individuals from 27 to 69 years old [29], besides also evaluating dose-response
	15 relationship between resistance training and outcomes. More importantly, these results may
	17 suggest that to achieve a significant improvement in motor function, it is possible that more
	19 specific strength exercises may need to be performed (i.e. targeting specific muscles that are
	21 essential to a normal gait pattern), in addition to other types of training such as concurrent
	24 strength training. As demonstrated in a recent study, when performed with the resistance
	26 training of the lower limbs, high-intensity functional anaerobic exercise improved the
	28 functional capacity of young adults [35].
	31 Different tools were used to assess improvements in participants' mobility, including
	34 6MWD, 10MWT, GMFM, timed stairs test, TUG, self-reported functional mobility, and MSL,
	36 making comparison difficult. The tools most used by the studies were 6MWD, 10MWT, and
	38 GMFM. None of the studies reported improvements in the 10MWT test, making this tool the
	41 only one where no benefits were observed when used in at least two different studies. On the
	43 other hand, the tool most associated with benefits was the GMFM, especially the dimensions
	45 D, which evaluates activities in standing, and dimension E, which assesses walking, running,
	47 and jumping activities [36]. Taylor et al. [9] performed the largest number of measures of
	50 mobility (6MWD, 10MWT, stairs test, and gross motor function at 12 weeks and 24 weeks)
	52 and found no significant differences in any of them. Interestingly, there was indeed an
	54 improvement in self-reported functional mobility (Functional Assessment Questionnaire). The
	57 authors raised the possibility that resistance training increased the confidence that participants
	59 had in their mobility or improved aspects that were not evaluated [9]. Thus, the lack of results
	3 in objective measures of mobility does not exclude the possibility of improvements in the
	5 perception of mobility, an important psychosocial benefit [9]. Also, several studies have already
	8 demonstrated beneficial effects on the cardiovascular system and metabolism, making
	10 resistance training an important tool for reducing the risk reduction of various diseases and
	12 conditions [37–40]. No other study in this review evaluated self-reported functional mobility.
	15 Thereby, future studies must evaluate both objective measures of mobility and self-reported
	17 functional mobility. Also, standardization of tools depending on the type of resistance training
	19 applied may favor the comparison of future studies. For example, in this review, only loaded
	21 sit-to-stand was used by at least three different studies. All studies showed improvements in
	24 locomotion, however, there was no standardization in the tools used. One study employed
	26 6MWD, another study used 10MWT and GMFM, and 10MWT and MSL were applied by
	31 Strength outcomes from the included studies in our review were reported as secondary
	34 outcomes alongside the locomotion-related outcomes. Not all studies where objective benefits
	36 in locomotion were found reported increased strength. In the studies where only STS was
	38 performed, no change in strength was found, despite benefits in locomotion-related outcomes.
	41 As described by Kusumoto et al. [22], STS exercise results in an isotonic contraction. The
	43 muscle contraction used to determine the maximum knee extensor strength was an isometric
	45 contraction (dynamometer) in both studies that evaluated the maximum knee extensor strength
	47 [22, 23]. Thus, future studies should consider evaluating the isotonic muscle strengthening after
	50 the loaded STS movement. Engsberg et al. [26] recorded the maximum torque values for both
	52 dorsiflexion and plantarflexion after specific training for these muscles using an isokinetic
	54 dynamometer. They found that most subjects increased their strength in the trained muscles
	57 [26]. Dodd et al. [24] assessed the strength of the ankle plantarflexors, knee extensors, and hip
	59 extensors using a hand-held dynamometer. They reported increased combined ankle
	3 plantarflexor-knee extensor strength, but almost no increase in plantarflexor strength [24].
	5 These different results may be due to training the ankles in isolation in the first study compared
	8 to multiple muscles training in the second. Also, using a handheld dynamometer to test ankle
	10 plantarflexor strength can be challenging and not suitable. Andersson et al. used both an
	12 isometric hand-held dynamometer and an isokinetic dynamometer. Significant improvements
	15 were seen in isometric strength and isokinetic concentric work at 30 /s, but not in eccentric
	17 work. This highlights the importance of performing different tests to assess muscle strength due
	19 to the strong association between muscle strength, gross motor function, and mobility
	21 previously addressed [31].
	24 To our knowledge, no systematic review was conducted evaluating the effects of
	27 resistance training in individuals with spastic diplegia. However, this review has a few
	29 limitations. The included studies evaluated the effects of different types of resistance training,
	31 including volume, frequency, and duration, in addition to different tools to assess the results on
	34 motor function, which did not allow the performance of meta-analysis. The results of the risk
	36 of bias tool generally suggest that most of the studies evaluated have a score quality between
	38 good (5-6 points out of 10) and excellent (7-8 points out of 10), which could be associated with
	41 the randomization, allocation, similarity between groups at the beginning of the intervention,
	43 blinding of the evaluators and at least one key result was obtained in more than 85% of the
	45 subjects initially distributed by the groups. However, only a few of the included articles that
	47 observed positive changes carried out an extended follow-up of trial participants after the end
	50 of the training regimen period, reducing the confidence of the results obtained. On the other
	52 hand, all studies performed progressive resistance training considering that it is known that
	54 resistance training needs to progress due to the adaptation and strengthening of the musculature
	57 [33]. This implies the need for future studies must continue to progress their training intensity
	59 throughout the program to evaluate the importance of training on motor function in individuals
	3 with cerebral palsy at different ages. This review also highlights that the articles included in
	5 this study reported any or very few unimportant adverse effects, especially in spasticity. One
	8 study even reported a significant decrease in spasticity after a 12-week strength training
	10 program [26]. This reinforces the importance of resistance training to continue to be applied to
	12 these individuals even without improvements in objective measures of mobility.
	18 The evidence presented in this systematic review offers limited evidence in support of
	20 a resistance training program as a strategy to improve motor function in individuals with spastic
	23 diplegia. However, due to the low risk of adverse effects and other health-related benefits,
	25 resistance training should continue to be used for these individuals. Further studies should:
	27 follow the participants for an extended period after the end of the intervention to enable better
	30 assessments of motor function; evaluate the dose-response relationship between resistance
	32 training and outcomes; focus on strengthening specific muscles that are essential to a normal
	34 gait pattern; and consider including both objective measures and self-reported functional
	37 mobility to assess the effects of training.
	41 CLINICAL MESSAGES
	50  Different resistance training programs were associated with improvements  in
	53 locomotion, including loaded sit-to-stand, full-body training, and specific dorsiflexors-
	55 plantarflexors training.
	57  Due to the low risk of adverse effects and other health-related benefits, resistance
	60 training should continue to be used for individuals with spastic diplegia. Studies that
	3 evaluated spasticity after resistance training did not report any worsening of this
	5 parameter.
	8  Objective measures and self-reported functional mobility can and should be used by the
	10 studies to assess the effects of training.
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