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RESUMEN

Objetivo: Analizar las caracteristicas antropométricas de 19 jugadoras de un equipo de balonmano sénior
de élite.
Método: Diecinueve jugadoras (n=19) de balonmano pertenecientes a un equipo de Divisiéon de Honor
sénior formaron parte de este estudio. Se registraron diferentes medidas corporales para estudiar el perfil
antropométrico: masa corporal, talla, pliegues cutaneos, perimetros y didmetros corporales, siguiendo el
protocolo de la International Society for the Advancements of Kinanthropometry. Se obtuvo la composicién
corporal y el somatotipo de todas ellas.
Resultados: Las jugadoras mostraron un peso medio (63.63 kg) menor que el ideal para balonmano y una
talla media de 168.2 cm, un somatotipo de 3.5, 4.6, 2.3 con dominancia de mesomorfia y un indice de
masa corporal dentro del rango normal (22.4 kg/m?).
Conclusion: Estos resultados proporcionan datos antropométricos normativos para jugadoras de balon-
mano de élite. El perfil predominante en nuestra muestra fue el endo-mesomérfico con valores medios
similares a los reportados para mujeres deportistas de otras disciplinas. Los datos obtenidos indican que
nuestra poblacién posee caracteristicas antropométricas similares a las descritas en otras jugadoras de
balonmano, siendo ligeramente inferiores con respecto al peso, la altura y el indice de masa corporal.
© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Publicado por Elsevier Espaiia,
S.L.U. Este es un articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Anthropometric profile of elite female handball players

ABSTRACT

Objective: To analyze the anthropometric characteristics of 19 female elite handball players from a elite
senior team.

Method: Nineteen (n=19) elite handball female players belonging to a senior team of Division of Honour
participated in this study. Different body measurements were taken to study the anthropometric profile:
body mass, skin folds, corporal perimeters and diameters, according to the International Society for the
Advancements of Kinanthropometry protocol. Corporal composition and somatotype were obtained in
every case.

Results: Female players presented a lower average weight (63.63 kg) than the ideal, and an average
height of 168.2 cm, a predominantly endo-mesomorphic somatotype of 3.5; 4.6; 2.3, and a body mass
index within the normal range (22.4 kg/m?).

Conclusions: These results provide normative anthropometric data for elite female handball players.
The elite female handball players in our sample were predominantly endo-mesomorphic with mean
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values similar to those reported for female athletes participating in other sports. Data overall suggest
that our sample have comparable anthropometric characteristics compared to other handball players,

being slightly lower regarding weight, height and body mass index.
© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Published by Elsevier Espafia, S.L.U.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Perfil antropométrico de jugadoras de handebol femenino de élite

RESUMO

Objetivo: Analisar as caracteristicas antropométricas de 19 jogadores de uma equipe de elite de handebol
sénior.
Método: Dezenove jogadores (n=19) de Handebol pertencentes a uma equipe de divisdo senior fizeram
parte deste estudo. Foi registrado diferentes medidas corporais para estudar o perfil antropométrico:
massa corporal, estatura, dobras cutdneas, perimetros e didametros do corpo, seguindo o protocolo Inter-
national Society for the Advancements of Kinanthropometry. Obteve-se a composi¢do corporal e somatotipo
de todos eles.
Resultados: Os jogadores mostraram um menor peso médio (63.63 kg) ideal para handebol e um tamanho
médio de 168.2 cm por somatotipo 3.5; 4.6; 2.3 mesomorfia com domindncia e indice de massa corporal
dentro da faixa normal (22.4 kg/m?).
Conclusdo: Estes resultados fornecem dados antropométricos normativos para jogadores de handebol
de elite. O perfil predominante em nossa amostra foi a endo-mesomorfo semelhantes aos relatados
para as valores médios mulheres atletas de outras modalidades. Os dados obtidos sugerem que a nossa
populagdo possui semelhantes caracteristicas antropométricaaos descritos em jogadores de handebol,
sendo ligeiramente inferior no indice de peso, altura e massa corporal.
© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Publicado por Elsevier Espafia, S.L.U.
Este & um artigo Open Access sob uma licenga CC BY-NC-ND (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduccion

El balonmano es un deporte que se juega a alta velocidad y con
gran explosividad, en el que se realizan numerosos esprines, saltos,
lanzamientos y bloqueos, y en el que constantemente se producen
contactos de alta intensidad entre los jugadores'-2. Los jugadores de
balonmano requieren una capacidad para asumir esfuerzos anae-
rébicos de intensidad maxima, con periodos de recuperacién cortos
y una ejecucién gestual lo mas eficiente posible. Paralelamente
deben poseer una masa muscular en tronco y tren superior que
les permita hacer frente a los continuos contactos y lanzamientos,
ademas de un potente tren inferior que posibilite la ejecucion de
saltos, zancadas y fintas para poder superar la defensa contraria o
anticiparse3“.

El rendimiento deportivo depende de numerosos factores que
incluyen las capacidades energéticas del deportista, sus habilida-
des técnicas y tacticas y el grado de motivacién, entre otros, que
permiten obtener su maximo potencial en la competicién®. Junto
a ellos, distintos autores sitdan a las caracteristicas antropomé-
tricas como aspectos determinantes en el éxito competitivo. El
estudio de las dimensiones y de lacomposicién corporal es parte del
conjunto de variables biolégicas relacionadas con el rendimiento
deportivo. La cineantropometria muestra de manera claray concisa
lainformacién sobre la estructura del deportista en un determinado
momento y es capaz de evaluar las modificaciones causadas por el
entrenamiento. El perfil antropométrico se encuadra, pues, entre
los determinantes que predisponen al sujeto a la practica de una
determinada disciplina o garantizan un mayor rendimiento en la
mismab-8.

La literatura en torno a aspectos antropométricos en balonmano
femenino no es muy numerosa, en contraposicién a otras discipli-
nas deportivas, donde el perfil morfolégico esta mas definido”-'!,
Esta escasez es ain mayor cuando se estudian muestras de nivel
internacional en deportistas de élite!>13,

El objetivo del presente estudio fue reportar el perfil antropo-
métrico de un grupo de jugadoras de balonmano femenino sénior

de élite evaluadas en el periodo de preparacién general previo a la
temporada.

Método

Se trata de un estudio observacional, transversal y prospectivo.
Las jugadoras fueron medidas una dnica vez durante la fase de
pretemporada (entre agosto y septiembre de 2014).

Muestra

Un total de 19 jugadoras de balonmano de entre 17 y 36 afios
(22.84 4+ 5.24), pertenecientes a un equipo de Divisiéon de Honor
(maxima categoria sénior femenina espafiola) formaron parte del
estudio. Las deportistas seleccionadas para tomar parte en la inves-
tigacién entrenaban un minimo de nueve horas semanales.

Disefio experimental

Todas las jugadoras fueron informadas verbalmente y por
escrito sobre el objeto y la naturaleza del estudio, y mostraron
su aprobaciéon para formar parte del mismo a través de un con-
sentimiento informado. Para el desarrollo de esta investigacién se
respetaron los principios establecidos por la Declaracién de Hel-
sinki (1964). El protocolo de este estudio fue aprobado por el Comité
Etico de Experimentacién de la Universidad de Malaga (Espafia),
con nimero de registro CEUMA, 34-2015-H.

Las exploraciones fueron efectuadas por el personal sanitario
del Centro Andaluz de Medicina del Deporte (CAMD) en sus insta-
laciones del complejo deportivo de Carranque en Malaga (Espafia).
Antropometristas certificados de nivel 2 y nivel 3 de la International
Society for the Advancements of Kinanthropometry (ISAK) realizaron
un perfil antropométrico completo (tabla 1).

Paraelregistro de estas medidas se aplicé el protocolo propuesto
por la ISAK!# a partir de las normas, criterios y recomendaciones
del Grupo Espafiol de Cineantropometria (GREC)'>. Las medidas
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Tabla 1
Caracteristicas antropométricas de las jugadoras de balonmano de la muestra. Los
datos se expresan como media + desviacion estandar de la media

Peso (kg) 63.64 + 6.79
Talla (cm) 168.3 £ 5.9
Somatotipo
Endomorfia 3.51 £0.62
Mesomorfia 4.68 + 0.60
Ectomorfia 2.32 £ 0.52
Sumatorio de 6 pliegues grasos (mm) 88.6 + 18.3
Porcentaje graso (Yuhasz) (%) 16.93 + 2.66
Fraccionamiento cinco componentes (Kerr) (%)
Porcentaje masa adiposa 30.86 + 3.30
Porcentaje masa muscular 42.84 + 2.33
Porcentaje masa residual 9.07 + 0.90
Porcentaje masa 6sea 11.74 £ 0.65
Porcentaje masa piel 5.49 + 0.21
indice de masa corporal (kg/m?) 22.40 + 1.27

realizadas para las determinaciones antropométricas incluyeron:
(1) masa corporal (kg) y talla (cm); (2) seis pliegues cutaneos
(mm): triceps, subescapular, supracrestal, abdominal, muslo y
gemelar; (3) cuatro perimetros musculares (cm): brazo relajado,
brazo contraido, muslo medio y gemelar; (4) tres diametros 6seos
(cm): muiieca-biestiloideo radiocubital-, himero-biepicondileo
humeral-y fémur-bicondileo femoral-. El instrumento empleado
para la altura y la masa corporal fue la estacién electrénica de peso
y talla SECA BMI 763 (Seca Instruments Ltd, Hamburgo, Alemania),
con precisién de 100g y 1 mm respectivamente. Para la medicién
de los pliegues se utilizé6 un plicometro Harpenden (Holtain Ltd,
Crymych, Reino Unido) con una precisién de 0.2 mm. Los diametros
fueron evaluados con un paquimetro (Holtain Ltd, Cambrige, Reino
Unido) y los perimetros con una cinta metalica flexible, ambos con
precisién de 1 mm (Holtain Ltd, Crymych, Reino Unido), ademas de
un lapiz dermografico. Las jugadoras fueron medidas por la mafiana
antes del entrenamiento, desprovistas de calzado y con la menor
ropa posible.

A partir de las mediciones antropométricas obtenidas se calcu-
laron diferentes indices y porcentajes al objeto de determinar la
composicién corporal de las jugadoras participantes en el estu-
dio. El indice de masa corporal (IMC) de cada jugadora se obtuvo
mediante la férmula’®: masa(kg)/altura(m)2. Con respecto a la
composicién corporal, se utilizaron los calculos propuestos por Kerr
(1988) en su modelo pentacompartimental, del que se determi-
nan los componentes de masa adiposa, muscular, dsea, residual
y piel'S. El porcentaje de grasa corporal fue calculado utilizando
la férmula de Yuhasz (1962), a partir de la medicién de seis de
los pliegues descritos anteriormente. Ademas, se calcul6 el peso
ideal de cada jugadora correspondiente para el deporte de balon-
mano de la forma propuesta también por Yuhasz, multiplicando el
peso magro obtenido de cada jugadora por el factor de correccién'®.
El somatotipo de cada jugadora fue obtenido mediante el método
de Health-Carter (1990)'7, del que se obtuvo el valor de los tres
componentes—endomorfia, mesomorfia y ectomorfia-, y la soma-
tocarta de cada una de ellas. Ademas, en cada informe se efectud la
comparacién individual con el deporte en cuestién, mostrando el
rating de somatotipo correspondiente al balonmano, segin la base
de datos del CAMD.

Andlisis estadistico

Se realiz6 un andlisis descriptivo de los datos para obtener las
medidas de tendencia central (media 4+ desviacién tipica). Ademas
se llevé a cabo un andlisis de comparacién de medias entre distintas
variables y un andlisis correlacional por medio del test de Pear-
son (R). Se estableci6 como valor estadistico de referencia p < 0.05.
Previo a estos andlisis, se comprobé si se cumplian condiciones
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Figura 1. Distribucién del somatotipo en la somatocarta.

de homogeneidad de las varianzas y la normalidad de la distribu-
cién muestral mediante la comparacién de las caracteristicas de la
muestra y la aplicacién de la prueba de Shapiro-Wilk —para mues-
tras inferiores a 50 sujetos—. Los datos obtenidos en las mediciones
fueron introducidos en el programa Microsoft Office Excel 2007
(Windows) para su analisis. El tratamiento estadistico de los datos
se llevé a cabo con el paquete estadistico SPSS, version 20.0 (Inc,
Chicago, Illinois, Estados Unidos) para Windows.

Resultados

En nuestras series se cumple el supuesto de homogeneidad de
las varianzas en las variables peso total, talla e IMC, y la prueba de
normalidad de Shapiro-Wilk no es significativa, por lo que se asu-
mié la normalidad para todas las distribuciones de las medias de las
citadas variables. Las participantes presentaron una edad media de
22.84 +5.24 afios, un peso de 63.64 +6.79 y un IMCde 22.404+-1.27,
siendo caucasicas en su totalidad. De todas ellas, cinco ocupaban la
posicién de extremo, cuatro lo hacian de laterales, y otras cuatro
de centrales; tres eran pivotes y otras tantas (tres) desempefiaban
el puesto de portera. Las caracteristicas antropométricas obteni-
das a partir de las mediciones del peso, talla, perimetros, diametros
corporales y pliegues cutaneos se recogen en la tabla 1.

En cuanto a las categorias del somatotipo, 11 jugadoras
(57.89%) presentaron un biotipo endo-mesomorfo, tres jugadoras
(15.79%) un biotipo mesomérfico balanceado, otras tres jugadoras
(15.79%) uno meso-endomorfo, una jugadora (5.26%) un biotipo
meso-ectomorfoy otra(5.26%) un biotipo ecto-mesomorfo. El com-
ponente predominante entre las jugadoras de la muestra fue la
mesomorfia. El analisis del somatotipo de las jugadoras mostré
unos valores de 3.51 + 0.62 para la endomorfia, de 4.68 + 0.60 para
la mesomorfia y de 2.324+0.52 para la ectomorfia (tabla 1). La
figura 1 recoge la somatocarta con los valores individuales y pro-
medio de la muestra analizada.

Discusion

En este estudio se han presentado las caracteristicas antropo-
métricas de un grupo de jugadoras de balonmano de élite. Los
deportistas de alto nivel suelen destacar sobre el resto desde un
punto de vista fisico, técnico-tactico y morfolégico. En este sentido,
el balonmano adolece de investigaciones donde se definan cua-
les son los perfiles fisico-técnicos éptimos para sus practicantes.
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La antropometria se erige como una de las herramientas que nos
permite alcanzar este conocimiento. En la literatura encontramos
estudios en relacién con el perfil antropométrico y somatotipo de
jugadoras de balonmano'213 que, aunque escasos, permiten obte-
ner referencias validas para su comparacion con las ofrecidas por
nuestra muestra.

Las jugadoras analizadas presentan un somatotipo predomi-
nantemente endo-mesomorfico (3.50-4.68-2.32). Estos resultados
apuntan a un predominio del desarrollo musculoesquelético frente
a la grasa. Similares hallazgos han sido descritos en referen-
cia a los componentes del somatotipo en otros deportes de
equipo en pista o en balonmano masculino®?-!1, Solanellas et al.'®
y Sanchez-Muroz et al.'® también describieron un somatotipo
endomérfico-mesomorfico (3.8-4.6-2.4) en un estudio realizado
con una muestra de jugadoras de tenis de alto nivel de categoria
junior.

El peso medio de las jugadoras (63.644+6.79) (tabla 1) se
encuentra por debajo del peso medio ideal, en virtud de la fér-
mula propuesta por Yuhasz (1974) para el calculo del peso ideal
(65.2621 £6.61). Seglin esta comparacion, todas las jugadoras se
encuentran en un déficit de peso con respecto a los datos para
la modalidad de balonmano, ya que en todas el peso que se pro-
pone como ideal es superior al que se ha registrado en la medicién
de su peso corporal total. Esto mismo se evidencia al compararlo
con otros equipos en los que el peso y la talla de las jugadoras son
mayores. En los estudios de Mala et al.?, Garcia-Expésito et al.2?,
Granados et al.2', Vila et al.22 y Bayios et al.23, se describen unos
pesos y tallas medios muy superiores a los de nuestro estudio. Sin
embargo, los datos ofrecidos por Lopez et al.”* y Ruiz y Rodriguez?>
muestran pesos y tallas mas similares a los encontrados en nuestra
muestra. Este aspecto puede condicionar el tipo de juego desarro-
llado por el equipo, dada la importancia que la envergadura de las
jugadoras tiene en balonmano en cuanto a espacio que ocupan en
el campo o a la palanca que poseen de brazo para realizar los lanza-
mientos con mayor facilidad. Por contra, en equipos con jugadoras
de menor tamafio, el juego se basa en procedimientos mas velo-
ces, como contraataques directos, aprovechamiento de espacios
con fintas y tacticas colectivas.

Con respecto a los datos de IMC, todas las jugadoras de nues-
tro estudio se encuentran dentro de los parametros de normalidad
segiin la OMS.

Con relacion al sumatorio de seis pliegues grasos y en el porcen-
taje graso propuesto por Yuhasz, cuyos valores de referencia para
la modalidad de balonmano son 82.54+18.2 mmy 16.4 & 2.6%, res-
pectivamente, se aprecia que la media de estos para las jugadoras
del equipo Malaga Costa del Sol estan dentro del rango de referen-
cia (tabla 1), siendo algo mas altas las medias obtenidas que las de
referencia.

El somatotipo de Health y Carter nos aporta el rating de endo-
morfia, mesomorfia y ectomorfia de cada jugadora. Teniendo en
cuenta los datos de referencia aportados por el CAMD, donde el
rating de referencia para las jugadoras de balonmano seria endo-
morfia: 3.3, mesomorfia: 3.7, ectomorfia: 2.5, podemos llegar a la
conclusién de que los valores medios de endomorfia y ectomorfia
son parecidos a los de los datos de referencia para su modali-
dad deportiva, aunque la endomorfia sea 0.2 puntos mayor y la
ectomorfia 0.2 puntos menor a los pardmetros de referencia. Sin
embargo, el valor medio de mesomorfia difiere significativamente,
estando el valor medio del componente de mesomorfia de las juga-
doras de nuestra muestra por encima al somatotipo de referencia
0.9 puntos; es decir, que estas jugadoras poseen un componente
musculoesquelético en su composicién corporal mucho mayor al
que se presenta como referente para balonmano. Por tanto, el bio-
tipo prevalente en nuestra muestra es el endo-mesomorfo, donde
predomina la mesomorfia, siendo consecuentemente el compo-
nente de ectomorfia el de menor valor.

Segiin las definiciones que aportan Health y Carter en la escala
de rating y caracteristicas'”’, estas jugadoras poseen las siguientes
caracteristicas segtin su somatotipo:

- Endomorfia (3.5; rango 3-5): moderada adiposidad relativa; la
grasa subcutanea cubre los contornos musculares y 6seos; apa-
riencia mas blanda.

- Mesomorfia (4.6; rango 3-5): moderado desarrollo
musculoesquelético relativo; mayor volumen muscular y
huesos y articulaciones de mayores dimensiones.

- Ectomorfia (2.3; rango 1-2,5): gran volumen por unidad de altura,
extremidades relativamente voluminosas).

Los resultados del somatotipo obtenido para este equipo son
similares a los conseguidos por Garcia-Expésito et al.2% en sus
dos equipos analizados, ya que estos también presentan un biotipo
endo-mesomorfo.

Entre las limitaciones de este estudio se encuentran el tamafio
de la muestra, equivalente a publicaciones de similares caracteris-
ticas, y el hecho de que la composicién corporal fuera estimada a
partir de parametros antropométricos, en detrimento de métodos
de referencia como la absorciometria con rayos X de doble energia,
mas actuales, pero también mas costosos.

La determinacion del somatotipo de las jugadoras de balonmano
de élite, de acuerdo con los datos obtenidos, ha mostrado en la
literatura una predominancia del componente endo-mesomérfico.
Nuestra muestra ofrece unas cifras medias ligeramente inferiores
a las presentadas en otros estudios en términos de peso y talla,
ligeramente por debajo de las referencias ideales, aunque similares
en términos de perfil antropométrico grupal.
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RESUMEN

Objetivo: Describir la composicion corporal, la fuerza muscular y el nivel de actividad fisica que realizan
los pacientes con insuficiencia renal crénica en hemodialisis en una unidad renal en Bogota, Colombia.
Método: Estudio de corte transversal, en el que se incluyeron pacientes mayores de 18 afios que llevaban
seis meses 0 mas en un programa de hemodialisis en la unidad renal del Hospital de San José. Se eligié
el 25% de la poblacién aleatoriamente. Se midié la composicién corporal, fuerza del miembro superior
dominante, actividad fisica y calidad de vida a través del instrumento SF-36 validado en Colombia.
Resultados: Se incluyeron 82 pacientes, con una edad mediana de 61 afios (rango intercuartil 51-69);
la mayoria fueron hombres (54/82). Segiin MET/h, los pacientes fueron clasificados como sedentarios
riesgosos (38/82), sedentarios no saludables (42/82) y saludables (2/82). El porcentaje de masa muscular
fue menor en los pacientes sedentarios riesgosos que en los sedentarios no saludables, con un 10.3%
(rango intercuartil 7.7-12.6) versus 12.5% (rango intercuartil 10.2-14.7). Respecto a la calidad de vida
se hallé una mediana global de 64 (rango intercuartil 52-72) en la dimensién mental y de 69 (rango
intercuartil 49-79) en la dimension fisica.
Conclusion: Los pacientes en hemodialisis estudiados tienen un peso adecuado para la talla, pero con
menos masa muscular y fuerza muscular disminuida para la edad; el nivel de actividad fisica fue seden-
tario y la calidad de vida evaluada mostré una menor puntuacién en el componente fisico.

© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Publicado por Elsevier Espaiia,

S.L.U. Este es un articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
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Determination of body composition, muscle strength and physical activity in
patients with chronic renal failure on hemodialysis in a renal unit in Bogota,
Colombia

ABSTRACT

Objective: To describe body composition, muscle strength and activity level in patients with chronic renal
failure on hemodialysis in a renal unit in Bogota, Colombia.

Method: Cross-sectional study, we included patients older than 18 years-old who were in a hemodialysis
program for at least six months in the Renal Unit of the Hospital of San José. The sample was randomly
selected from the 25% of the total hemodialysis population. We measured body composition, strength
of dominant upper limb, physical activity and quality of life with the SF-36 instrument validated in
Colombia.

Results: 82 patients, median age was 61 years (interquartile range 51-69) were included; most were
men (54/82). According to MET/h patients were classified as healthy (2/82), risky sedentary (38/82) and
unhealthy sedentary (42/82). The percentage of muscle mass was lower in sedentary unhealthy group
than in risky sedentary group, 10.3% (interquartile range 7.7-12.6) versus 12.5%(interquartile range 10.2-
14.7). Regarding the quality of life we found an overall median of 64 points (interquartile range 52-72)
in the mental dimension and 69 points (interquartile range 49-79) in the physical dimension.
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Conclusion: Hemodialysis patients had an appropriate weight for their height, but with less muscle mass
and a decreased muscle strength for their age; the physical activity level recorded was sedentary and the

quality of life showed a lower score on the physical component.
© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Published by Elsevier Espaiia, S.L.U.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Descri¢do da composicdo corporal, forca muscular e atividade fisica em
pacientes com insuficiéncia renal cronica em hemodialise de uma unidade
renal em Bogota, Colombia

RESUMO

Objetivo: Descrever a composicdo corporal, forca muscular e nivel de atividade fisica realizada por pacien-
tes com insuficiéncia renal crénica em hemodialise de uma unidade renal de Bogotd, Colombia.
Método: Estudo de corte transversal, tendo-se incluido pacientes de idade superior a 18 anos que estavam
envolvidos, ha seis ou mais meses, num programa de hemodialise, de uma unidade real do Hospital de
San José. Selecionou-se, de forma aleatoéria, 25% da populagdo. Mediou-se a composicdo corporal, for¢ca do
membro superior dominante, atividade fisica e qualidade de vida através do instrumento SF-36 validado
na Colombia.
Resultados: Foram incluidos 82 pacientes, com uma idade mediana de 61 anos (relagdo inter quartil 51-
69); a maioria eram homens (54/82). Segundo MET/hora os pacientes foram classificados em sedentarios
de risco (38/82), sedentérios ndo saudaveis (42/82) e saudaveis (2/82). A percentagem de massa muscular
foi menor nos pacientes sedentdrios de risco do que nos sedentarios ndo saudaveis, 10.3% (relacdo inter
quartil 7.7-12.6) versus 12.5% (relagdo inter quartil 10.2-14.7). No que diz respeito a qualidade de vida
encontrou-se uma mediana global de 64 (relagdo inter quartil 52-72) na dimensdo mental e de 69 (relagdo
inter quartil 49-79) na fisica.
Conclusdo: Os pacientes estudados em hemodialise tém um peso adequado para a altura, mas menos
massa muscular e for¢a muscular diminuida para a idade, o nivel de atividade fisica era sedentario e a
qualidade de vida avaliada mostrou uma pontuagdo mais baixa na componente fisica.
© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Publicado por Elsevier Espafia, S.L.U.
Este & um artigo Open Access sob uma licenga CC BY-NC-ND (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduccion

Los pacientes con insuficiencia renal crénica (IRC), en terapia de
reemplazo renal por cualquier causa, se caracterizan por presentar
condiciones fisicas como disminucién de la capacidad cardiorres-
piratoria, desnutricién, fatiga y pérdida de masa muscular! que,
asociado a enfermedades crénicas como hipertension arterial, dis-
lipidemia, enfermedad coronaria y diabetes tipo 22, pueden afectar
directamente su capacidad funcional. Aunque no es clara la causa
de la pérdida de dicha capacidad funcional y fuerza muscular, un
factor importante que podria afectar al rendimiento es la anemia
que, junto con la miopatia urémica en estos pacientes?, conlleva
un consumo menor de oxigeno y un cambio morfolégico muscular,
que contribuyen a la pérdida de su funcién®.

Actualmente se ha reconocido que los programas de ejerci-
cio en los pacientes en hemodialisis (HD) son seguros y eficaces.
La evidencia ha demostrado que el ejercicio podria mejorar la
fuerza muscular, evita la pérdida de masa muscular®, mejora
la capacidad funcional, la funcién cardiovascular??, reduce el riesgo
cardiovascular® y contribuye a mejorar la supervivencia’:3.

El objetivo del presente estudio es describir la composicion
corporal, la fuerza muscular y el nivel de actividad fisica que rea-
lizan los pacientes con IRC en HD de una unidad renal de Bogot3,
Colombia.

Método
Sujetos
Se realizé un estudio descriptivo de corte transversal en el cual

se incluyeron pacientes que asistieron al programa de HD en la
unidad renal del Hospital de San José-Fresenius Medical Care® en

Bogota, Colombia, durante diciembre de 2014. Se escogi6 el 25% de
la poblacién actualmente en HD.

Fueron incluidos en el estudio pacientes mayores de 18 afios
que formasen parte del programa de HD y que tuvieran un tiempo
de inicio de HD superior o igual a seis meses. Los pacientes
fueron seleccionados aleatoriamente mediante un sistema compu-
tarizado. Se excluyeron pacientes con amputaciones o patologias
neuromusculares que impidieran la realizacién de ejercicio ruti-
nario, con problemas psiquiatricos o del desarrollo cognitivo que
impidieran la interaccién con el interlocutor, pacientes que no
aceptaran su participaciéon en el presente estudio o fueran parte
de otra investigacion.

Los datos fueron recolectados en un instrumento disefiado por
los investigadores. La actividad fisica fue evaluada mediante una
encuesta de actividad fisica del Colegio Americano de Medicina
del Deporte® ajustada y resumida por el Servicio de Medicina del
Deporte del Hospital San José de Bogota, siendo el objetivo de
esta encuesta medir dicha actividad fisica en unidad metabdlica
en reposo (MET).

Procedimientos

Personal entrenado realizé las mediciones. La medicién de la
fuerza muscular en el miembro superior dominante del paciente se
llevé a cabo con un dinamémetro calibrado digital marca CAMRY®,
que lo reporta en kilogramos (kg). Se realizé una clasificaciéon por
percentiles de acuerdo con la edad y el sexo tomada del estudio
de Luna et al.'%. La composicién corporal se midié en prediali-
sis mediante impedanciémetro de dos canales FitScan®, monitor
de composicién corporal BC-585F, siguiendo las recomendaciones
de medicién!!. Los datos de los eximenes de laboratorio fueron
tomados durante el tiempo de recoleccion de la informacién. Para
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la clasificacién del indice de masa corporal (IMC) se siguieron los
parametros dados por la Organizacién Mundial de la Salud (OMS).
La calidad de vida se midi6 con el instrumento SF-36 validado en
Colombia'2: con un resultado mayor de 50 puntos indica que el
paciente tiene buena calidad de vida.

Andlisis estadistico

El analisis fue realizado con el programa Stata 13%®; las variables
cuantitativas fueron resumidas con medidas de tendencia central
y de dispersion, y las variables cualitativas mediante frecuencias
absolutas y relativas. La relacién entre las variables fuerza de la
mano, porcentaje de masa muscular y actividad fisica medida en
MET/h fue explorada por medio de diagramas de dispersiéon y
evaluada por medio del coeficiente de correlaciéon de Pearson. Pos-
teriormente, la actividad fisica fue categorizada de acuerdo con el
resultado de MET por hora en cuatro grupos: sedentario riesgoso
(1-1.5MET/h), sedentario no saludable (1.6-2.9 MET/h), saludable
(3-5.9 MET/h) y muy saludable (> 6 MET/h), siguiendo los parame-
tros del estudio de Ainsworth et al. 2011°. El presente estudio
fue aprobado por el comité de ética de investigaciones con seres
humanos en la Fundacién Universitaria de Ciencias de la Salud
(FUCS).

Resultados

Fueron elegibles para participar 86 pacientes, cuatro participan-
tes decidieron no formar parte del estudio. De los 82 pacientes
incluidos, el 65% fueron hombres. El rango de edad estuvo entre
23y 89 afos. Los datos referentes a la funcién renal y otras carac-
teristicas basales de la poblacion de estudio se muestran en la tabla
1. Se encontré que el 47.6% de los pacientes tenian fistula, siendo
la mayoria en el miembro superior izquierdo (64.1%). La mediana
de fuerza muscular fue mayor en la mano derecha (15.3 kg), la cual
era la mano dominante en el 32.9% de los pacientes.

En la clasificaciéon de la actividad fisica (tabla 2) 80 pacientes
fueron categorizados como sedentarios (38 sedentarios riesgosos y

Tabla 1
Caracteristicas basales de la poblacién de estudio

Variable n=_82 Med. (RIQ)
Sexo masculino, n (%) 54 (65.9)

Edad (afios) 61 (51-69)

Talla (cm) 161.5 (155-167)
Tiempo de hemodidlisis (meses) 40.5 (23-59)

Agua corporal (L) 32.4(28.3-37.8)

Peso seco (kg) 60.0 (55.5-69.5)
Paraclinicos
Albimina (gr/dL) 4.23(3.95-4.35)
BUN (mg/dL) 54.45 (45-62.8)
KT/V 1.73 (1.5-1.96)

Fuerza dinamometria

Derecha (kg) 15.3(11.8-22.9)

Izquierda (kg) 14.2 (10.2-20.7)
Fistula n (%)

Derecha 14(17.1)

Izquierda 25(30.5)

Ninguna 43 (52.4)
Clasificacion de la actividad fisica n (%)

Sedentario riesgoso 38 (46.3)

Sedentario no saludable 42 (51.2)

Saludable 2(24)

Muy saludable 0(0)

BUN: nitrégeno ureico en sangre; K: urea dializada; kg: kilogramo; KT/V: cinética de
laurea; Med.: mediana; RIQ: rango intercuartilico; T: tiempo de didlisis; V: volumen
de distribucién de la urea.

Diferencia de medianas segun actividad fisica

Porcentaje de masa muscular

Sedentario riesgoso Sedentario no saludable Saludable

Figura 1. Boxplot de diferencia de medianas segin la actividad fisica.

42 sedentarios no saludables). El porcentaje de masa muscular fue
menor en los pacientes sedentarios riesgosos que en los sedentarios
no saludables, con un 10.3% (rango intercuartilico [RIQ] 7.7-12.6)
versus 12.5% (RIQ 10.2-14.7), al contrario del porcentaje de masa
grasa que fue mayor en los pacientes sedentarios riesgosos con un
46.2% (RIQ 35.3-59.3) versus 37.3% (RIQ 24.4-47.3).

La mediana del IMC fue de 24.7 (RIQ 21.7-27.3), que corresponde
a la categoria de peso normal, encontrando que en el grupo de
sedentarios riesgosos 18/38 pacientes (47.4%) estaban por encima
del peso normal y 17/42 en el grupo de sedentarios no saludables
(40.5%). La fuerza muscular para todos los pacientes categoriza-
dos como sedentarios riesgosos fue pobre o muy pobre en la mano
derecha y muy pobre en la mano izquierda. Entre los sedentarios
no saludables la fuerza muscular en la mano derecha fue pobre o
muy pobre en el 92.8% de los pacientes y muy pobre en el 95.2% de
los pacientes en la mano izquierda.

En el grupo de sedentarios riesgosos la mediana de actividad
fue de 30.2 MET/dia (RIQ 28-33.8), 1.3 MET/h (RIQ 1.2-1.4) y 3 MET
(RIQ 2.5-3) en la actividad de mayor intensidad en el dia; entre los
sedentarios no saludables estas medianas fueron de 45.5 MET (RIQ
41.2-48.5), 1.9MET (RIQ 1.8-2.1) y 3.6 MET (RIQ 3-5) respectiva-
mente.

En cuanto a la calidad de vida, se encontré que tanto en la
dimension fisica como en la mental las medianas de puntuaciones
estuvieron por encima de 50 segiin los grupos de actividad fisica,
con una mediana de 64 (RIQ 52-72) en la dimensién mental y 69
(RIQ 49-79) en la dimensidn fisica. En el analisis de acuerdo con
el tiempo de didlisis y la edad de los pacientes, se encontré que la
puntuacién de las dimensiones fisica y mental en la calidad de vida
disminuye con el aumento de la edad, y en cuanto al tiempo de HD,
se establecié que en la dimensién mental se mantiene, pero en la
dimension fisica va disminuyendo a medida que aumenta el tiempo
en HD.

Entre los grupos sedentarios riesgosos y sedentarios no salu-
dables se encontraron diferencias estadisticamente significativas
(p=0.0041) en las medianas del porcentaje de masa muscular
(fig. 1), pero no entre sedentarios riesgosos y saludables ni entre
sedentarios no saludables y saludables.

Discusion

Los hallazgos del presente estudio evidencian que el 97.5% de los
pacientes con enfermedad renal realizan actividades diarias meno-
res o iguales a 3 MET, que reflejan estilos de vida sedentarios. Estos
niveles de actividad fisica son similares a los encontrados en el
estudio de Panaye et al. en el 2015'3, en el cual reportaron que la
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Tabla 2
Composicién corporal y fuerza segtn la clasificacion de la actividad fisica

Total n=82 Sedentario riesgoso n=38

Sedentario no saludable n=42 Saludable n=2

Composicién corporal, Med. (RIQ)
Peso total (kg)
Masa muscular (%)
Masa grasa (%)
IMC (kg.m2)
Tiempo de hemodidlisis (meses)

Calidad de vida SF-36, Med. (RIQ)
Fisica
Mental
Clasificacion IMC, n (%)
Bajo peso
Normal
Sobrepeso
Obesidad grado
Obesidad grado II
Obesidad mérbida

Fuerza mano derecha, n (%)
Excelente
Buena
Regular
Pobre
Muy pobre

Fuerza mano izquierda, n (%)
Excelente
Buena
Regular
Pobre
Muy pobre

Actividad fisica, Med. (RIQ) MET
Dia
Hora
Maxima en el dia

63.3 (56.6-71.8)
11.7 (9.1-14.3)
41.8(26.4-56.8)
247 (21.8-27.3)
40.5 (23-59)

69 (49-79)
64 (52-72)

39.3(30.2-45.8)
1.6(1.3-1.9)
3(3-4)

60.6 (56.4-68.1)
10.3 (7.7-12.6)

462 (35.3-593)
24.8(22.4-27.3)

64.2 (57.3-72.8)
12.5(10.2-14.7)
37.3(24.4-47.3)
242 (21.6-27.4)

71.5(59.1-84)
12.4(6.8-18)

37.3(9.6-65.1)
28.9(27-30.9)

41 (23-63) 41 (22-55) 30 (26-34)

65 (42-77) 71 (53-83) 77.5(77-78)

60.5 (46-65) 69 (55-76) 80 (62-98)
1(2.6) 0(0) 0(0)

19 (50) 25 (59.5) 0(0)

15 (39.5) 12 (28.6) 1(50)
0(0) 2(48) 1(50)
1(2.6) 3(7.1) 0(0)
2(5.3) 0(0) 0(0)
0(0) 0(0) 0(0)
0(0) 2(4.8) 0(0)
0(0) 1(2.4) 0(0)
1(2.6) 3(7.1) 1(50)

37(97.4) 36(85.7) 1(50)
0(0) 0(0) 0(0)
0(0) 1(2.4) 0(0)
0(0) 1(2.4) 0(0)
0(0) 0(0) 0(0)

38 (100) 40 (95.2) 2(100)

30.2 (28-33.8)
13(1.2-1.4)
3(2.5-3)

45.5 (41.2-48.5)
1.9(1.8-2.1)
3.6 (3-5)

84.7 (83.7-85.8)
3.5 (3.5-3.6)
4.9(3.8-6)

IMC: indice de masa corporal; kg: kilogramos; Med.: mediana; MET: unidad metabélica en reposo; RIQ: rango intercuartilico.

actividad fisica se encontraba por debajo del nivel recomendado de
10000 pasos/dia en el 94% de la poblacién en terapia de reemplazo
renal.

Los resultados de laboratorio de los pacientes evaluados fueron
similares a los encontrados en pacientes en HD en otros estudios
como el publicado por Fernandez-Reyes et al.'4, en el que un 64%
de los pacientes tenian niveles de albtimina sérica por encima de
4¢/dL, y el estudio de Manzano Angua en el que los pacientes pre-
sentaron un nitrégeno ureico en sangre (BUN) de 59.4 + 14.3 mg/dL
y depuracion de urea durante la dialisis (KT/V) de 0.9-2.21°.

Se determind que el porcentaje de masa muscular fue bajo y el
porcentaje de masa grasa fue alto respecto a lo esperado para este
tipo de pacientes, lo que denota un estado catabélico en pacien-
tes en HD. Estos hallazgos fueron reportados de manera similar en
los estudios de Ikizler et al.'S y John et al.!”; sin embargo, cuando
se analiz6 el IMC, la mayoria de la poblacién se clasific6 en limi-
tes normales (73.2%), manifestando la importancia de incluir en
las valoraciones clinicas la medicién de la composicién corporal
que se relaciona directamente con la mortalidad, como encontra-
ron Park et al. en 20133, quienes sugieren que la masa muscular es
el determinante mas importante de la tasa de mortalidad en pacien-
tes en HD comparado con la tasa de mortalidad analizada con el IMC
porque no precisa la asociacién de la composicién corporal con la
salud.

La fuerza muscular es un predictor importante en la movilidad e
independencia de la poblacién general, y en gran parte esta deter-
minada por el porcentaje de masa muscular. En el presente estudio
se evidencié que la mayoria de los pacientes tenian una baja masa
y fuerza muscular, el nivel de actividad fisica registrado fue cali-
ficado como sedentario y que la calidad de vida evaluada mostré

una menor puntuacién en la dimensién fisica, en comparacién con
el promedio de la poblacién sana para la edad y el género. Lo ante-
rior coincide con los resultados reportados por Visser et al. en el
2005'?, quien encontré que pacientes sanos con menor area de
seccion trasversal de masa muscular tenian una menor movilidad,
que conlleva un deterioro funcional; por lo tanto, el grupo inves-
tigador considera que es importante realizar investigaciones que
integren programas de ejercicio en esta poblacién para establecer
los beneficios de laintervencién con actividad fisica dirigida enfoca-
dos a prevenir la pérdida o potenciar el aumento de masa muscular
generalizada.

La informacién encontrada en este estudio demostré que la
actividad fisica mas intensa de los pacientes (3 a 3.6 MET) estuvo
relacionada con actividades basicas cotidianas como el baiiarse,
vestirse, caminar, entre otras. Lo anterior nos permite demostrar
que los pacientes podrian empezar a realizar ejercicio con inten-
sidades entre 3 y 4 MET, iniciando con ejercicios de intensidades
leves, y siguiendo una progresién gradual segin la tolerancia de
ellos a los mismos. El ejercicio resulta ser una actividad bastante
segura, dependiendo de la condiciéon de salud de cada paciente. Esta
afirmacién es soportada por lo reportado en una revision sistema-
ticarealizada por Smarty Steele en 2011, en pacientes con didlisis,
en donde se encontré que existié una razén 28 400 h/paciente sin
muertes relacionadas directamente con el ejercicio??, con resulta-
dos favorables desde el punto de vista fisico y mental?!. La evidencia
existente y los resultados del presente estudio permiten demostrar
que es posible plantear un programa con prescripcién de ejercicio
de intensidad entre 3 y 4 MET y con elementos sencillos como ban-
das elasticas o cicloergémetros que se adapten a la condicién fisica
de los pacientes.



56 A. Herndndez et al. / Rev Andal Med Deporte. 2018;11(2):52-56

En este estudio los resultados generales mostraron que los
pacientes referian una adecuada calidad de vida, agrupada en
las dimensiones fisicas y mentales, sin embargo, a medida que
aumenta la edad y el tiempo de HD se afectan ambas dimensiones,
principalmente la dimensién fisica; esto se ajusta con los resultados
del estudio de unarevision de la Sociedad Espafiola de Nefrologia en
2008 sobre calidad de vida en enfermos renales crénicos sin diali-
sis, donde determinaron que en adultos se afecta mas la dimensién
fisica que las dimensiones mentales y sociales?2.

Entre las limitaciones del presente estudio indicamos que la eva-
luacién de la actividad fisica por encuesta podria dar un sesgo de
memoria en los resultados. Una gran cantidad de pacientes fueron
clasificados como sedentarios, en comparacién con los saludables,
limitando las comparaciones entre dichas poblaciones.

En conclusién, los pacientes en HD estudiados tienen un peso
adecuado para la talla, pero con menos masa muscular y fuerza
muscular disminuida para la edad. El nivel de actividad fisica regis-
trado fue sedentario y la calidad de vida evaluada mostré una
menor puntuacion en la dimensién fisica, por tal razén resaltamos
la importancia de realizar mas investigaciones que involucren pro-
gramas de ejercicio para establecer los beneficios de laintervencién
en los déficits fisicos encontrados en estos pacientes.
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ABSTRACT

Objective: To analyze the impact of I/D polymorphism of the angiotensin-converting enzyme gene on the
responses of 24 h blood pressure, heart rate variability and nitric oxide after moderate aerobic exercise
session.
Method: Twenty seven hypertensive elderly were genotyped for the I/D polymorphism of the angiotensin-
converting enzyme gene (D/D: n=9; I/D: n=9; I/I: n=9) and performed a bout of aerobic exercise at 90%
of anaerobic threshold. Measurements of mean blood pressure, heart rate variability and nitric oxide
were performed before and during 24 h post-aerobic exercise session.
Results: The D/D genotype showed impaired mean arterial pressure responses (elevation) in the noctur-
nal sleep (10:30 pm to 06:30 am) post-aerobic exercise when compared to rest (D/D= —4.2 £ 8.1 mmHg;
p>0.05, /D=-9.2+9.1 mmHg; p<0.05 and I/I=-7.0+6.9mmHg; p<0.05). Besides, in day time of
06:30am to 10:30am (next day) higher values of mean arterial pressure responses occur between
D/D=4.7 £4.6 mmHg vs. [/D=-2.0+13.0 mmHg; p<0.05. The carriers of the D allele, in addition to
not release nitric oxide significantly post-aerobic exercise session (p>0.05), showed reduced eleva-
tion of nitric oxide between genotypes immediately after aerobic exercise (D/D=12.8 +135.3 wM and
[/D=—-8.7+69.0 uM vs. I/I=132.9 +£188.7 wM; p <0.05). Reduced elevation of heart rate variability post-
aerobic exercise session occurred when compared to rest (D/D=1h: —0.08 £0.09s; p<0.05 and 24 h:
—0.08 £0.11s; p<0.05).
Conclusion: Elderly hypertensive individuals carrying the D/D genotype of the angiotensin converting
enzyme gene showed impaired responses of blood pressure post-aerobic exercise, especially during sleep,
and reduced heart rate variability during the 24 h post-aerobic exercise. Besides, to angiotensin converting
enzyme genotypes with the presence of D allele (D/D and I/D) was impaired release of nitric oxide post-
aerobic exercise session.
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Impacto del polimorfismo I/D del gen de la Enzima Conversora de la
Angiotensina en la presion sanguinea, variacion de la frecuencia cardiaca
y o6xido nitrico en respuesta a ejercicios aerébicos en mayores hipertensos

RESUMEN

Objetivo: Analizar el impacto del polimorfismo I/D del gen de la enzima conversora de la angiotensina en
la presién sanguinea, variacion de la frecuencia cardiaca y 6xido nitrico durante 24 h en respuesta a una
bateria moderada de ejercicios aerébicos.
Meétodo: Veintisiete ancianas hipertensas fueron genotipadas para el polimorfismo I/D del gen de la
enzima conversora de la angiotensina (D/D: n=9; I/D: n=9; I/I: n=9) y realizaron una bateria de ejercicios
aerdbicos al 90% del umbral anaerébico. Se realizaron medidas de la presién arterial media, variabilidad
de la frecuencia cardiaca y 6xido nitrico, antes y durante las 24 h siguientes después de una sesién de
ejercicios aerébicos.
Resultados: El genotipo D/D presentd una respuesta inadecuada de la presién arterial media (aumento)
durante el suefio nocturno después del ejercicio (22:30-06:30) en comparaciéon con el reposo
(D/D=-4.2 +£8.1 mmHg; p>0.05,/D=-9.2 £9.1 mmHg; p<0.05 and [/I=-7.0 + 6.9 mmHg; p<0.05). Por
otro lado, durante el dia, de 06:30 hasta las 10:30 de la mafana (del dia siguinete) se registraron
valores elevados del aumento de la presién arterial media en el genotipo D/D=4.7 + 4.6 mmHg vs. [/D=-
2.0+ 13.0 mmHg; p <0.05. Las portadoras del alelo D, mas alla de no mostrar significacién en los niveles
de 6xido nitrico después de la sesién de ejercicio, mostraron una reduccién del incremento de 6xido
nitrico entre los genotipos después del ejercicio aerébico (D/D=12.8 £ 135.3 uMy[/D=-8.7 £ 69.0 M vs.
[/1=132.9+188.7 uM; p <0.05). Se observé una reduccion del aumento de la variabilidad de la frecuencia
cardiaca después de los ejercicios, cuando se compara con los valores de reposo (D/D=1 h: -0.08 £ 0.09s;
p<0.05y24h: -0.08+£0.11s; p<0.05).
Conclusion: Individuos ancianos e hipertensos portadores del genotipo D/D del gen de la enzima con-
versora de la angiotensina mostraron una respuesta inadecuada de la presién sanguinea postejercicio
aerébico, especialmente durante el suefio, y reduccién de la variabilidad de la frecuencia cardiaca durante
las 24 h siguientes tras el ejercicio. Ademas, el genotipo de la enzima conversora de la angiotensina, con
presencia del alelo D (D/D e I/D), tiene la liberaciéon de 6xido nitrico alterada, después de la sesiéon de
ejercicio aerébico.

© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Publicado por Elsevier Espafia, S.L.U.
Este es un articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-
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Impacto do polimorfismo I/D do gene da ECA nas respostas de pressao arterial,
variabilidade da frequéncia cardiaca e 6xido nitrico ao exercicio aerébio em
idosas hipertensas

RESUMO

Objetivo: Analisar o impacto do polimorfismo I/D do gene da enzima conversora da angiotensina na
pressdo sanguinea, variabilidade da frequéncia cardiaca e 6xido nitrico durante 24 h, em resposta a uma
bateria moderada de exercicios aerébicos.
Método: Vinte e sete idosas hipertensas foram genotipadas para o polimorfismo I/D do gene da enzima
conversora da angiotensina (D/D: n=9;1/D: n=9; I/I: n=9) e realizaram uma sessdo de exercicio aerébio a
90% do limiar anaerdébio. Medidas de pressdo arterial média, variabilidade da frequéncia cardiaca e 6xido
nitrico foram coletadas antes e durante as 24 h seguintes, ap6s a sessdo de exercicio aerébio.
Resultados: O genétipo D/D mostrou uma resposta inadequada da pressdo arterial média (elevagdo)
durante o sono apds o exercicio (22:30-06:30) em comparacdo ao repouso (D/D=-4.24+8.1 mmHg;
p>0.05, [/D=-9.24+9.1 mmHg; p<0.05 e [/I=-7.04+ 6.9 mmHg; p<0.05). Além disso, durante o dia, de
06:30-10:30da manha (do dia seguinte), maiores valores de pressdo arterial média ocorreram entre
D/D=4.7+4.6 mmHg vs. I/D=-2.0 &+ 13.0 mmHg; p <0.05. O grupo carreador do alelo D, além de nao rev-
elar significancia no 6xido nitrico apés a sessao de exercicio, mostrou uma reducdo da elevagdo do 6xido
nitrico entre os gendtipos logo ap6s o exercicio aer6ébio (D/D=12.8+1353 wM e I[/D=-8.7 £ 69.0 .M vs.
[/1=132.94188.7 wM; p <0.05). Ocorreu uma reducdo do R-Ri apés os exercicios quando comparada com
os valores do repouso (D/D=1h: -0.08 £0.09s; p<0.05 e 24h: -0.08 £0.11 s; p<0.05).
Conclusdo: Individuos idosos e hipertensos carreadores do genédtipo D/D para o gene da enzima con-
versora da angiotensina mostraram resposta inadequada de pressdo arterial pds-exercicio aerébio,
especialmente durante o sono, e reduzida variabilidade da frequéncia cardiaca durante as 24 h seguintes
pés-exercicio. Além disso, o gen6tipo da enzima conversora da angiotensina com a presenca do alelo
D (D/D e I/D) teve sua liberagdo de 6xido nitrico prejudicada nos momentos ap6s a sessdo de exercicio
aer6bio.

© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Publicado por Elsevier Espafia, S.L.U.
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Introduction

Environmental factors! and genetic characteristics?> interact
to determine the risk of cardiovascular disease. Among these,
hypertension is associated with endothelial dysfunction* and, in
consequence, with a low endothelium dependent vasodilation.®
Furthermore, impaired autonomic modulation with low heart rate
variability (HRV) and an increased sympathetic tonus have been
associated with high blood pressure.®

Several studies have aimed to investigate the effects of exercise
in different groups, showing an important outcome in the acute
hemodynamic control by analyzing post-exercise hypotension
(PEH). The phenomenon of PEH is well documented”’ and, occurs
primarily in aerobic®® and combined exercise.'? It is important to
noteworthy that PEH has a significant and positive correlation with
the chronic effects of aerobic training,!’ which brings an important
clinical application for this phenomenon in the long term.

On the other hand, Hagberg et al.,'? demonstrated that approxi-
mately 25% of individuals did not show a decrease in blood pressure
(BP) after aerobic training. A body of evidence attributes differential
amplitudes of BP attenuation® and nitric oxide (NO,~) production?
to genetic factors, what prompts for investigating candidate genes
to explain such variability.

Polymorphisms of the angiotensin converting enzyme (ACE)
gene, located on chromosome 17 in humans, have been found and
the polymorphism is characterized by the presence (insertion) or
absence (deletion) of a 287-base-pair alu repeat within intron 16
of the gene. The presence of the deletion (D) allele has been asso-
ciated with higher concentrations of circulating ACE.'>* The ACE,
an element of the renin - angiotensin system, catalyzes the con-
version of angiotensin I to angiotensin II, a potent vasopressor, and
inactivates bradykinin, a precursor to nitric oxide pathway and a
potent vasodilator.'*

Some authors'” found no interaction between the I/D polymor-
phism of the ACE gene with BP responses to exercise in elderly
women and others'6 showed that allele I of ACE gene elicit a higher
post-exercise BP reduction this population. However, none of these
studies investigated the BP responses during a 24 h post-exercise
period, and did not investigate integrated responses of HRV and
NO,~ which would enable a better view of the event. Thus, the aim
of this study was to investigate the impact of I/D polymorphism
of the angiotensin-converting enzyme gene on the responses of

24 h blood pressure, heart rate variability and nitric oxide after
moderate aerobic exercise session.

Method

Subjects

Elderly women (n=268) with a history of hypertension
(V Brazilian Hypertension Guideline) were genotyped for the I/D
polymorphism of the ACE gene. The initial sample consisted
of volunteers that used or not anti-hypertensive drugs (diuret-
ics, renin-angiotensin system inhibitors, ACE inhibitors, Calcium
channel inhibitors, autonomic nervous system inhibitors and beta-
blockers). For effective participation in the study, were invited,
based on the I/D polymorphism of the ACE gene, 27 elderly women
(Table 1), with controlled hypertension due to drug treatment (only
diuretics) or changes in lifestyle. All volunteers were informed of
the purpose and procedures used in the study and gave their writ-
ten informed consent to a protocol approved by the institutional
review boards of the local university (proc. number 63-2008) and
Universal Trial Number (UTN) was U1111-1146-9073.

Procedures

In separate days, at the same time of day (09:30 am), and with at
least a 72 h interval between experimental sessions, each volunteer
was requested to attend to two sessions: (1) incremental test on a
cyclergometer until volitional exhaustion and (2) constant exercise
session.

For the constant exercise session, participants performed one
exercise session for 20min at an intensity corresponding to
90% of anaerobic threshold (AT) on ciclergometer (Lode Excal-
ibur/Netherlands). To AT determination, the participants were
submitted to an incremental test on a ciclergometer (Lode mod.
Excalibur/Netherlands) starting at 1 min warming-up at OW, and
15-W increments for every three-minute stage, maintaining
cycling at 60rpm until voluntary exhaustion or other inter-
ruption criteria were adopted, such as a sudden increase of
systolic and diastolic BP to 250/115 mmHg, rate of perceived
exertion (RPE) at 19-20 or unlevelness of the ST segment in
the electrocardiogram or any other abnormal cardiovascular
response. Gas samples were collected on a breath by breath basis

Table 1
Baseline characteristics of the sample of hypertensive elderly (n=27).
D/D 1/D 11 p
n 9 9 9 -
Anthropometric variables
Age (years) 70.8 £ 6.1 70.1 £5.7 70.6 £5.3 0.94
Weight (kg) 582+ 74 60.9 + 10.1 613 £ 7.7 0.69
Height (cm) 1533 £ 4.8 153.7 £ 6.1 1533 £ 85 0.98
Body mass index (kg m-1) 24.8 +2.8 25.6 £ 2.5 26.2 + 3.6 0.88
Cardiac and metabolic variables
Blood glucose (mgdL-1) 80 + 18 88 + 12 88 + 16 0.49
Mean arterial pressure (mmHg) 90 + 6 97 +£9 97 £ 12 0.18
NO,~ (LM) 336 + 211 273 £ 191 178 + 60 0.15
R-Ri (s) 0.86 + 0.10 0.83 + 0.14 0.83 + 0.09 0.75
Diuretics utilization (%) 22.2 0.0 333 a-b-c
Exercise 20 min (90%AT)
Work rate 90%AT (W) 35.1 £ 14.0 371+ 6.6 33.5+ 145 0.82
Oxigen uptake 90%AT (ml kg min~') 155 +£ 3.4 154 £ 2.6 141 £ 2.0 0.46
Heart rate 90%AT (bpm) 1129 +£ 133 122.7 £ 21.7 1154 £ 9.6 0.40
Blood lactate 90%AT (mM) 32+13 31+£1.2 28 £1.0 0.76
Rate perceived exertion 90%AT (Borg) 139+ 1.2 13.0 £ 1.8 134 +£1.9 0.54

D/D, I/D and I/I: genotype of angiotensin-converting enzyme (ACE); NO, ~: Nitric oxide concentration; R-Ri: absolute value (s) of mean R-R interval; AT: anaerobic threshold.

a:p=0.16to D/D vs.1/D; b: p=0.61 to D/D vs. I/I; c: p=0.08 to I/D vs. I/I.
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(Cortex Metalyzer 3B system/Germany) and AT was determined by
the analysis of O, (VE/VO;) and CO, (VE/VCO,) ventilatory equiv-
alents, were considered to be the intensity correspondent to the
moment in which VE/VO, presented a disproportional augment in
relation to VE/VCO,. The protocol used for the incremental test was
according to Santana et al.'®

All participants were oriented to refrain from the use of caffeine,
tobacco, alcohol and physical exercise for at least 48 h prior to the
experimental sessions. BP, heart rate variability and salivary nitrite
concentrations were measured at rest and during the 24 h after the
experimental sessions.

Total DNA was isolated from peripheral blood accord-
ing to standard procedures.!” The I/D polymorphism in the
human ACE gene was determined by inspection of the elec-
trophoretic profile of polymerase chain-reaction products. Either
the 490bp (I allele) or the 190bp (D allele) products were
amplified using primers: 5'-CTGCAGACCACTCCCATCCTTTCT-3' and
5'-GATGTGGCCATCACATTCGTCAGAT-3/, which flank the poly-
morphic site. Inspection of DD subjects was carried out using
oligonucleotides (5- TGGGACCACAGCGCCCGCCACTAC-3 and 5'-
TCGCCAGCCCTCCCATGCCCATAA-3') specific to amplify a 335bp
fragment of the insertion sequence. All procedures to DNA analysis
were performed as described by Moraes et al.'”

The aerobic exercise session were preceded by a pre-session
stage consisting of seating for 20 min in a comfortable chair placed
inaquietroom. The HRV, measured by R-R interval (R-Ri) and heart
rate (HR) (Polar® S810i/Polar Electro/Finland) were measured '8 full
time resting and mean arterial pressure (MAP) was measured at
each 5min of the pre-exercise resting. At each 15 min through-
out 1h of post-exercise session, recovery the R-Ri and MAP were
measured with the participant under conditions similar to the pre-
exercise stage. In addition, the measurements of MAP were carried
out after the exercise session every 15min throughout the 23 h
following of daily life activities of the participants (Cardios Dyna
MAPA/Brazil). The R-Ri was also measured on 24 h post-aerobic
exercise session.

In the end of 20 min of pre-session resting at seated position as
well as in the immediately after exercise session (RAE) the NO,~
was measured. At each 15min throughout 1h of post-exercise
recovery the NO,~ was measured following the same procedures as
for pre-exercise measure. Besides, the NO,~ was also measured on
24 h post-exercise session. To analyze the NO, ~ the saliva was col-
lected with a cotton swab (Salivette/Sarstedt®) which was chewed
for one minute. Then it was centrifuged according to the manufac-
ture instructions and stored in —20°C for latter analysis. Dosage
of NO,~ a nitric oxide metabolite was done through the Griess’
colorimetric method.!920

Statistical analysis

An exploratory analysis (Shapiro-Wilk test) was used to ver-
ify data normality and then descriptive statistics were performed.
Data are presented as means (+SD and +SE). In addition, the delta
variation (absolute variation from pre-exercise to post-exercise
values) were calculated for comparison. Two-Way ANOVA (Time
[pre and post-session] * Genotype [D/D, I/D and I/I]) was used. Post
hoc LSD test for multiple comparisons was adopted to identify
possible differences. In addition, MAP values were grouped by aver-
age in moments, being “Daytime” for the period from 10:30am to
10:30 pm, “Sleep” for the period from 10:30 pm to 06:30am and
“Daytime” of the next day for the period from 06:30am to 10:30 am.
For the R-Ri the moments were “Post-exercise (1 h)” with an aver-
age of 1h post-exercise and “Post-exercise (24 h)” for the time of
24 h post-exercise session. For NO,~ the moments were “Post-
exercise (RAE)” to immediately after exercise, “Post-exercise (1 h)” to
the average of 1h post-exercise and “Post-exercise (24 h)” for 24 h
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Fig. 1. Variation (+SE) of mean arterial pressure (AMAP) in ACE genotypes groups
during different moments of 24 h. *p <0.05 to pre-exercise; 'p <0.05 to D/D.
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Fig. 2. Variation (+SE) of R-Rinterval (AR-Ri) in ACE genotypes groups in the mean
1h and 24 h. *p<0.05 to pre-exercise.

post-exercise session. The level of significance was set at p<0.05
(Statistica® version 6.0).

Results

The general characteristics and functional results among geno-
types groups during aerobic exercise session were similar (Table 1).

Regarding the valid measures of ambulatory BP across geno-
typic groups, it was possible to observe that the measures were
88% to I/l genotype group, 90% to I/D genotype group and 94% to
D/D genotype group.

Fig. 1 show the mean variation of absolute values obtained in
the AMAP to DD vs. I/D vs. I/l genotypes, considering the values
of recovery post-exercise minus pre-exercise session. The I/I and
I/D genotype groups presented decrease on AMAP during sleep
(p<0.05). In daytime of 06:30am to 10:30am (next day) higher
values of AMAP occur to D/D group vs. I/D group (p <0.05).

Furthermore, protective effect on MAP for groups with
the presence of allele I occurred when compared to D/D
group at 4h post-exercise (I/I=-0.5+2.2 and I[/D=-2.94+34
vs. D/D=34+4+1.7mmHg; p<0.05) and 20h post-exercise
(I/1=-8.2+2.6 and [/D=-11.4+2.6 vs. D/D=-3.2+2.7 mmHg;
p<0.05).

The Fig. 2 shows that, unlike the I/D and I/l genotype groups,
considering the values of recovery post-exercise minus pre-
exercise session, D/D genotype group decreased the R-Ri at mean
1h and 24 h post-exercise (p < 0.05).

The Figure 3 shows that I/I genotype group increased the NO,~
in the RAE moment (p <0.05). Besides, in RAE moment the I/l group
presented protective effect with increase of NO,~ release when
compared to D/D and I/D genotype groups (p <0.05). A similar effect
occurred on the mean 1h and 24 h post-exercise when compared
to D/D group (p=0.06) and I/D group (p <0.05), respectively.

Discussion
Our main findings revealed that the ACE D/D genotype seems

to show impaired responses of BP to a moderate aerobic exercise
session, especially during sleep in elderly hypertensive individuals,
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Fig. 3. Variation (+SE) of nitrite (ANO,~) in ACE genotypes groups right after exer-
cise (RAE), in the mean 1h and 24h. *p<0.05 to pre-exercise; 'p<0.05 to D/D;
§p<0.05 to I/D; fp=0.06 to I/I.

and to ACE genotypes with D allele (D/D and I/D) impaired release
of NO,~ in moments post-aerobic exercise session. In addition, the
D/D genotype showed low HRV (R-Ri) during the 24h after
the moderate exercise session. Until the present moment, no study
had analyzed, simultaneously, the BP responses during 24 h, HRV
and NO, ~ according to a 20 min session of aerobic exercise at inten-
sity of 90%AT, in elderly women with a history of hypertension,
divided by the I/D polymorphism of the ACE gene and with similar
characteristics (Table 1).

One possible explanation for the effects of the I allele and mainly
of the I/I genotype of the ACE gene after aerobic exercise on MAP
(Fig. 1), can be related to the analyses of both the R-Ri (Fig. 2) and
the NO,~ (Fig. 3). Unlike the D/D genotype group, the I/I and I/D
genotype groups showed alower reduction of R-Ri during the mean
period of 1 h and 24 h after aerobic exercise when compared to pre-
exercise session, which may be reflected in a better control of the
MAP. Furthermore, only the I/l genotype group showed a significant
release of NO,~ when compared to the D/D and I/D genotype groups
in moments of the 24 h post-exercise. This condition could impair
a possible endothelium-dependent vasodilatation induced of aer-
obic exercise in D/D and I/D groups. These results can be, in part,
associated to the nocturnal decrease of MAP that occurred after
exercise in the I/I genotype group (Fig. 1). The I/D group, although
not show significant release of NO,~ post-exercise, also showed
a nocturnal decrease in MAP after exercise, possibly because they
also presented a lower reduction of R-Ri, in accordance to the I/I
group (Fig. 2).

Due to the impaired responses of BP during sleep found in
the D/D genotype carriers, it is noteworthy the nocturnal dip of
BP. Jones et al.,2! suggest that the BP should reduce during sleep
more than 10% compared to previous daytime. In the present
study we verified that, during sleep, the variation of nocturnal
dip to MAP was to D/D genotype between -15/+11%, 1/D geno-
type between —15/+2% and I/l genotype between —20/+4%. These
results show more variation, but particularly positive values for
D/D genotype group, which may reflect a greater cardiovascular
risk factor,?! even after performing moderate aerobic exercise. As
a clinical application, these results suggest that for D/D genotype
carriers other types, intensities or duration of physical exercise
should be investigated in order to enhance the nocturnal dip
in BP. On the other hand, for individuals with the presence of
the I allele (I/D and I/I), which showed significant reduction in
MAP during sleep (Fig. 1), it is important to remember that acute
reduction may correlate positively with chronic effects of aerobic
training.!’

Although the phenomenon of PEH is well documented,” this
study did not show a significant occurrence of PEH in daytime in
any investigated genotypes (Fig. 1). The inexistence of PEH dur-
ing total daytime may be related do the moderate intensity that
was performed (below AT), a low volume of exercise (20 min) and
specificity of the sample (elderly hypertensive).

Some authors'® found no interaction between the I/D polymor-
phism of the ACE gene with BP responses to exercise in elderly
women and others'6 showed that allele I of ACE gene elicit a higher
post-exercise BP reduction in this population. Once methodological
differences occur, comparisons with other studies are difficult to be
carried out, especially with regard to the time of measurement of
MAP, where other studies'>'6 BP measurements were performed
only for 1 h post-exercise recovery.

The NO,~ is considered a predictor of the activity of endothelial
nitric oxide synthase'® and thus a possible marker of endothelium-
dependent vasodilatation, phenomenon that could be impaired in
the carriers of the D allele during and post-aerobic exercise session
(Fig. 3). This condition could not be happening only because of
arterial aging,?2 since the I/I group is equivalent in age to the I/D
and the D/D groups (Table 1) and showed increase in NO,~ post-
aerobic exercise session. The lower release of NO,~ in carriers
of the D allele, especially during a high demand of the cardio-
vascular system (aerobic exercise session), can contribute to the
explanation of a possible endothelial dysfunction and vascular dis-
ease in these groups,?? event now genotype-dependent. Damages
in endothelium-dependent vasodilatation could be preceded by a
lower bioavailability of endothelial nitric oxide in individuals with
higher activity of the circulating ACE (D/D genotype), since this
enzyme allows the degradation of bradikinin,'* which is associ-
ated to nitric oxide release by increase in activity of endothelial
nitric oxide synthase'® and consequently PEH responses.®

The significant decrease of the R-Ri in the D/D group in the
1h mean and 24 h post-aerobic exercise session (Fig. 2) could be
associated with a higher activity of the sympathetic tone during
the 24 h post-exercise recovery period. Ashley et al.,”* investigat-
ing the autonomic balance of athletes in a multi-sport competition,
found that the low frequency component, which reflects the sym-
pathetic tone’s activity, was augmented in the participants of the
D/D group when compared to the others after the competition.
The explanation of a higher sympathetic nervous activity in the
carriers of the D/D genotype seems to be related to the various
events of the renin-angiotensin system (RAS). The D/D genotype
expresses higher levels of the ACE in hypertensive individuals.!3
The ACE plays animportant role in the conversion of angiotensinI to
angiotensin I, a powerful vasoconstrictor.'# Clemson et al.,%> found
that healthy youngsters showed higher plasmatic norepinephrine
after the infusion of intra-brachial angiotensin II. The main limi-
tation of this study was the lack of measurement of ACE activity
in the different genotype groups. However, the literature'>'# has
shown that ACE activity in genotype D/D has almost twice as high
when compared with genotype /1. Jalil et al.,'> demonstrated that
hypertensive individuals between 45 and 60 years showed dif-
ferent levels of circulating ACE between extreme homozygotes
(I/1=18.0+4.0vs.D/D=31.0+8.0U/l; p<0.01).

The integrated response of BP, HRV and NO, ~ 24 h after aerobic
exercise session between the different genotypes of the ACE gene
can be bring thoughts about exercise prescription to individuals of
the same age and sex, but with different genetic traits. This topic
has to be better investigated in hypertensive elderly, in way to ana-
lyze the different forms and best dose of physical exercise to this
population. Besides, these results open a possibility of early detect,
during and after to a single bout of aerobic exercise, impaired car-
diovascular responses that can be related to genetic characteristics
of individuals.

We concluded that elderly hypertensive individuals carrying the
D/D genotype of the ACE gene seem to have impaired BP responses
post-aerobic exercise session, especially during sleep, and to ACE
genotypes with presence of D allele (D/D and I/D), impaired release
of NO,~ in moments post-aerobic exercise session. In addition, the
D/D genotype showed low HRV (R-Ri) during the 24h after
the moderate aerobic exercise session.



62 S.R. Moreira et al. / Rev Andal Med Deporte. 2018;11(2):57-62

Ethical disclosures

Protection of human and animal subjects. The authors declare
that the procedures followed were in accordance with the regula-
tions of the responsible Clinical Research Ethics Committee and in
accordance with those of the World Medical Association and the
Helsinki Declaration.

Confidentiality of data. The authors declare that they have fol-
lowed the protocols of their work centre on the publication of
patient data.

Right to privacy and informed consent. The authors must have
obtained the informed consent of the patients and/or subjects men-
tioned in the article. The author for correspondence must be in
possession of this document.

Conflicts of interest

The authors have no conflicts of interest to declare.

References

1. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr, et al.
The seventh report of the Joint National Committee on prevention, detection,
evaluation, and treatment of high blood pressure: the JNC 7 report. JAMA.
2003;289(19):2560-72.

2. Augeri AL, Tsongalis GJ, Van Heest JL, Maresh CM, Thompson PD, Pescatello
LS. The endothelial nitric oxide synthase —786 T>C polymorphism and the
exercise-induced blood pressure and nitric oxide responses among men with
elevated blood pressure. Atherosclerosis. 2009;204(2):28-34.

3. Wang X, Ding X, Su S, Yan W, Harshfield G, Treiber F, et al. Genetic influences on
daytime and night-time blood pressure: similarities and differences. ] Hyper-
tens. 2009;27(12):2358-64.

4, Perticone F, Ceravolo R, Pujia A, Ventura G, lacopino S, Scozzafava A, et al.
Prognostic significance of endothelial dysfunction in hypertensive patients. Cir-
culation. 2001;104(2):191-6.

5. GalettaF, FranzoniF, Plantinga Y, Ghiadoni L, Rossi M, Prattichizzo F, et al. Ambu-
latory blood pressure monitoring and endothelium-dependent vasodilation in
the elderly athletes. Biomed Pharmacother. 2006;60(8):443-7.

6. Schroeder EB, Liao D, Chambless LE, Prineas R], Evans GW, Heiss G. Hyper-
tension, blood pressure, and heart rate variability: the Atherosclerosis Risk in
Communities (ARIC) study. Hypertension. 2003;42(6):1106-11.

7. Halliwill JR, Buck TM, Lacewell AN, Romero SA. Postexercise hypotension and
sustained postexercise vasodilatation: what happens after we exercise? Exp
Physiol. 2013;98(1):7-18.

8. Cucato GG, Chehuen Mda R, Ritti-Dias RM, Carvalho CR, Wolosker N, Saxton JM,
et al. Post-walking exercise hypotension in patients with intermittent claudica-
tion. Med Sci Sports Exerc. 2015;47(3):460-7.

9. Motta DF, Lima LC, Arsa G, Russo PS, Sales MM, Moreira SR, et al. Effect of type 2
diabetes on plasma kallikrein activity after physical exercise and its relationship
to post-exercise hypotension. Diabetes Metab. 2010;36(5):363-8.

10. Moreira SR, Lima RM, Silva KE, Simdes HG. Combined exercise circuit session
acutely attenuates stress-induced blood pressure reactivity in healthy adults.
Braz ] Phys Ther. 2014;18(1):38-46.

11. Liu S, Goodman J, Nolan R, Lacombe S, Thomas SG. Blood pressure responses to
acute and chronic exercise are related in prehypertension. Med Sci Sports Exerc.
2012;44(9):1644-52.

12. Hagberg JM, Park JJ, Brown MD. The role of exercise training in the treatment of
hypertension: an update. Sports Med. 2000;30(3):193-206.

13. Jalil JE, Cérdova S, Ocaranza Ma, Schumacher E, Braun S, Chamorro G,
et al. Angiotensin I-converting enzyme insertion/deletion polymorphism and
adrenergic response to exercise in hypertensive patients. Med Sci Monit.
2002;8(8):566-71.

14. Sayed-Tabatabaei FA, Oostra BA, Isaacs A, van Duijn CM, Witteman JCM. ACE
polymorphisms. Circ Res. 2006;98(9):1123-33.

15. Mota MR, Oliveira RJ, Terra DF, Pardono E, Dutra MT, de Almeida JA, et al.
Acute and chronic effects of resistance exercise on blood pressure in elderly
women and the possible influence of ACE I/D polymorphism. Int ] Gen Med.
2013;6:581-7.

16. Santana HA, Moreira SR, Neto WB, Silva CB, Sales MM, Oliveira VN, et al.
The higher exercise intensity and the presence of allele I of ACE gene elicit a
higher post-exercise blood pressure reduction and nitric oxide release in elderly
women: an experimental study. BMC Cardiovasc Disord. 2011;11:71.

17. Moraes CF, Souza ER, Souza VC, Medeiros EF, Gongalves TF, Toledo JO, et al.
A common polymorphism in the renin angiotensin system is associated with dif-
ferential outcome of antihypertensive pharmacotherapy prescribed to Brazilian
older women. Clin Chim Acta. 2008;396(1-2):70-5.

18. Tulppo MP, Madkikallio TH, Seppdnen T, Airaksinen JK, Huikuri HV. Heart
rate dynamics during accentuated sympathovagal interaction. Am ] Physiol.
1998;274 3 Pt 2:H810-6.

19. Lauer T, Priek M, Rassaf T, Strauer BE, Deussen A, Feelisch M, et al. Plasma nitrite
rather than nitrate reflects regional endothelial nitric oxide synthase activity but
lacks intrinsic vasodilator action. Proc Natl Acad Sci USA. 2001;98(22):12814-9.

20. Gaspar A, Juhasz P, Bagyi K. Application of capillary zone electrophoresis to the
analysis and to a stability study of nitrite and nitrate in saliva. ] Chromatogr A.
2005;1065(2):327-31.

21. Jones H, George K, Edwards B, Atkinson G. Exercise intensity and blood pressure
during sleep. Int J Sports Med. 2009;30(2):94-9.

22. Lauer T, Heiss C, Balzer ], Kehmeier E, Mangold S, Leyendecker T, et al. Age-
dependent endothelial dysfunction is associated to failure to increase plasma
nitrite in response to exercise. Basic Res Cardiol. 2008;103(3):291-7.

23. Allen]D, Stabler T, Kenjale A, Ham KL, Robbins JL, Duscha BD, et al. Plasma nitrite
flux predicts exercise performance in peripheral arterial disease after 3months
of exercise training. Free Radic Biol Med. 2010;49(6):1138-44.

24. Ashley EA, Kardos A, Jack ES, Habenbacher W, Wheeler M, Kim YM, et al.
Angiotensin-converting enzyme genotype predicts cardiac and autonomic
responses to prolonged exercise. ] Am Coll Cardiol. 2006;48(3):523-31.

25. Clemson B, Gaul L, Gubin SS, Campsey DM, McConville J, Nussberger ], et al.
Prejunctional angiotensin II receptors. Facilitation of norepinephrine release in
the human forearm. J Clin Invest. 1994;93(2):684-91.


http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0130
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0135
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0140
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0145
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0150
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0155
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0160
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0160
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0160
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0160
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0160
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0160
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0160
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0160
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0160
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0160
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0160
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0160
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0160
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0160
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0160
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0160
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0160
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0160
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0160
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0160
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0160
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0160
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0160
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0160
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0165
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0170
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0175
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0180
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0185
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0185
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0185
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0185
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0185
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0185
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0185
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0185
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0185
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0185
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0185
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0185
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0185
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0185
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0185
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0185
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0185
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0185
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0185
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0185
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0185
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0185
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0185
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0190
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0195
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0195
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0195
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0195
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0195
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0195
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0195
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0195
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0195
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0195
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0195
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0195
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0195
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0195
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0195
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0195
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0195
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0195
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0200
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0205
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0210
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0215
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0215
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0215
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0215
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0215
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0215
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0215
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0215
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0215
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0215
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0215
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0215
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0215
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0215
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0215
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0215
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0215
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0215
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0215
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0215
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0215
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0215
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0215
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0215
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0215
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0215
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0220
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0225
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0230
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0230
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0230
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0230
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0230
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0230
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0230
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0230
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0230
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0230
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0230
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0230
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0230
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0230
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0230
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0230
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0230
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0230
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0230
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0230
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0230
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0230
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0235
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0240
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0245
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250
http://refhub.elsevier.com/S1888-7546(16)30051-X/sbref0250

Rev Andal Med Deporte. 2018;11(2):63-68

Revista Andaluza de

Medicina del Deporte

www.elsevier.es/ramd

Original article

Improvement of physical performance, hormonal profile,
recovery-stress balance and increase of muscle damage in a specific
futsal pre-season planning

F.C. de A. Nogueira®*, V.H. de Freitas®, R.A. Nogueira?, B. Miloski¢, F.Z. Werneck9, M.G. Bara-Filho?

a Department of Physical Education, Federal University of Juiz de Fora, Juiz de Fora, Brazil
b Department of Physical Education, State University of Londrina, Londrina, Parand, Brazil
¢ School of Physical Education and Sports, University of Séo Paulo, Séo Paulo, Brazil

d Sports Centre, Federal University of Ouro Preto, Ouro Preto, Brazil

ARTICLE INFO

Article history:

Received 5 May 2015

Accepted 16 November 2015
Available online 6 September 2016

Keywords:

Sports

Athletic performance
Fatigue

Palabras clave:
Deportes
Rendimiento atlético
Fatiga

* Corresponding author.

ABSTRACT

Objective: The aim of this study was to verify the effects of a specific pre-season planning on physical
performance, recovery-stress state, hormonal and muscle damage markers in high-level futsal players.
Method: Fifteen male futsal players, members of a high level Brazilian futsal team participated in this
study. Before and after four weeks of pre-season, blood samples were collected, the Recovery Stress
Questionnaire for Athletes was applied, and vertical jump tests and Yo-Yo Intermittent Recovery Level 2
tests were performed. The Internal Training Load was measured in all training sessions. Repeated measure
ANOVA was used to compare the Total Weekly Training Load between different weeks. To compare the
differences between pre- and post-training of all other dependent variables (except the Recovery Stress
Questionnaire for Athletes scales) the Student’s t-test and the magnitude based inference were used.
Results: The futsal pre-season improved performance in the Yo-Yo Intermittent Recovery Level 2 and
Squat Jump tests. The improvement in performance tests was accompanied by an increase in testos-
terone, creatine kinase, testosterone/creatine kinase ratio and in the majority of the Recovery Stress
Questionnaire for Athletes scales. Cortisol and the social recovery and general well-being of Recovery
Stress Questionnaire for Athletes scales decreased during the futsal pre-season.
Conclusions: In summary, players improved their performance in the Yo-Yo Intermittent Recovery Level
2 and Squat Jump tests in response to a futsal pre-season. Furthermore, the Internal Training Load beha-
vior of the futsal training promoted a favorable hormonal anabolic environment and did not promote a
negative disturbance in creatine kinase or stress/recovery balance, suggesting that futsal players did not
report fatigue accumulation after this pre-season design.

© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Published by Elsevier Espaiia, S.L.U.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Mejora del rendimiento fisico, perfil hormonal, balance estrés-recuperacion y
aumento del dafio muscular basado en la planificacion especifica de
pretemporada en el fiitbol sala

RESUMEN

Objetivo: El objetivo de este estudio fue investigar los efectos de una planificacion especifica de pretem-
porada en el rendimiento fisico, el estado de estrés-recuperacién, marcadores hormonales y de dafio
muscular en jugadores de ftitbol sala de alto nivel.

Meétodo: Quince jugadores masculinos de fitbol sala, miembros de un equipo brasilefio de fitbol sala
de alto nivel participaron en el estudio. Antes y después de cuatro semanas de pretemporada, se reco-
gieron muestras de sangre, se utilizé el Cuestionario de estrés y recuperacién para atletas, ademas de
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la realizacién de la prueba de salto vertical y Yo-Yo Intermitent Recovery Test Nivel 2. La carga interna de
entrenamiento se midi6 en todas las sesiones de entrenamiento. Se utilizé un andlisis de varianza para
medidas repetidas para comparar la carga total semanal de entrenamiento entre las diferentes semanas.
Para comparar las diferencias entre antes y después del entrenamiento de todas las demas variables
dependientes (excepto escalas del cuestionario de estrés y recuperacion para atletas), se usaron el test T
de Student y la magnitud basada en la inferencia.
Resultados: La pretemporada de ftitbol sala mejoré el rendimiento en el Yo-Yo Intermitent Recovery Test
Nivel 2y en el test Squat Jump. La mejora en las pruebas de rendimiento fue acompafiada por un aumento
en los niveles de testosterona, creatina quinasa, cociente testosterona/creatina quinasa y en la mayoria
de las escalas del cuestionario de estrés y recuperacién para atletas. El cortisol y la recuperacién social
y el bienestar general del cuestionario de estrés y recuperaciéon para atletas disminuyeron durante la
pretemporada de fitbol sala.
Conclusiones: En resumen, los jugadores mejoraron su rendimiento en el Yo-Yo Intermitent Recovery Test
Nivel 2 y en el test Squat Jump, en respuesta a la pretemporada. Ademas, el comportamiento de la carga
interna de entrenamiento de la pretemporada promovié un entorno hormonal anabélico favorable y no
gener6 una perturbacién negativa en la creatina quinasa o en el equilibrio estrés/recuperacion, lo que
sugiere que los jugadores de ftbol sala no informaron de acumulacién de fatiga después de este disefio
de pretemporada.

© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Publicado por Elsevier Espafia, S.L.U.
Este es un articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Melhoria do desempenbho fisico, perfil hormonal, balango estresse-recuperacio
e aumento do dano muscular em um planejamento especifico da
pré-temporada no futsal

RESUMO

Objetivo: O objetivo deste estudo foi verificar os efeitos de um planejamento especifico da pré-temporada
no desempenho fisico, estado de estresse-recuperac¢do, marcadores hormonais e de danos musculares em
jogadores de futsal de alto nivel.
Método: Quinze jogadores de futsal do sexo masculino, membros de uma equipe brasileira de futsal
de alto nivel participaram do estudo. Antes e ap6s quatro semanas de pré-temporada, foram coletadas
amostras de sangue, foi aplicado o Questionario de Estresse e Recuperagdo para Atletas, além da realizacdo
de testes de saltos verticais e do Yo-Yo Intermitente Recovery Test Nivel 2. A carga interna de treinamento
foi mensurada em todas as sessdes. Para analise dos dados, foi utilizada uma analise de variancia para
medidas repetidas a fim de comparar a carga de treinamento semanal total entre as diferentes semanas. O
teste T de Student foi realizado para comparar as diferencas entre o pré e pds de todas as outras variaveis
dependentes (exceto as escalas Questionario de Estresse e Recuperagdo para Atletas), além da magnitude
baseada em inferéncia.
Resultados: A pré-temporada de futsal melhorou o desempenho no Yo-Yo Intermitente Recovery Test Nivel
2 e no teste Squat Jump. A melhoria nos testes de desempenho foi acompanhado por um aumento nos
niveis de testosterona, creatina quinase, testosterona/creatina quinase quociente e na maioria das escalas
Questionario de Estresse e Recuperacdo para Atletas. O cortisol e as escalas de recuperacao social e bem-
estar geral do Questiondrio de Estresse e Recuperacdo para Atletas diminuiram durante a pré-temporada.
Conclusées: Em resumo, os jogadores melhoraram seu desempenho no Yo-Yo Intermitente Recovery Test
Nivel 2 e no teste Squat Jump em resposta a pré-temporada. Além disso, o comportamento das cargas
de treinamento promoveram um ambiente hormonal anabélico favoravel e ndo geraram um distirbio
negativo na creatina quinase ou no equilibrio estresse/recuperagdo, fato que sugere que os jogadores de
futsal ndo relataram fadiga acumulada ap6s uma pré-temporada com este desenho de periodizagao.

© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Publicado por Elsevier Espafia, S.L.U.

Este é um artigo Open Access sob uma licenga CC BY-NC-ND (http://creativecommons.org/licenses/by-
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Introduction and speed! of futsal players. However, only one of the aforemen-
tioned studies® reported the magnitude of the training load worked
(i.e., internal training load) and the effect of this training load on

psychophysiological markers, as well as in physical performance

The long competitive period in a futsal team schedule leads
coaches and physical trainers to impose high training loads dur-

ing the short pre-season to improve players’ performances.!
The high intensity demand imposed by futsal matches in addi-
tion to repeated sprints, abrupt stops, accelerations and changes
of direction performed during the games® require that players
have well developed aerobic, anaerobic and neuromuscular sys-
tems. Previous studies reported that a short futsal pre-season
(i.e., 3-9 weeks) improved performance in the Yo-Yo intermit-
tent recovery (IR) test,>*% VO,max,”> repeated-sprint ability,?
power of the lower limbs (i.e., inferred by vertical jump test)

tests. In this sense, it is difficult to establish whether the effect of
pre-season on performance tests was amalgamated with fatigue
accumulation.

It is well established that some tools are available to quantify
training load and monitor respective training induced responses
in high-level athletes. The session rating of perceived exer-
tion (session-RPE) method is a simple, cheap and valid tool to
monitor internal training load (ITL) in team sports and it is
commonly used in monitoring futsal training.!*>78 Similarly,
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Table 1
Schedule of futsal pre-season.
Week 1 2 3 4
Main goals S/TT/A S/TT/A S/TT/An S/TT/Sp
Strength Number of sessions 3 3 3 2
Effort 4 sets 4 sets
8-10 RM 4-6 RM
Rest between sets 75-90s 180s
Aerobic/anerobic lactic Number of sessions 4 2 2 1
Effort 3 sets 3 sets
4 x 60s MAS 3 x 30s all out
Rest between efforts 60 s walking 30s walking
Rest between sets 150s 150s
Speed/power Number of sessions 0 0 0 1
Effort X X X 1 set of
8x10m
straight-
line
sprints
Rest between sets 60-90s
passive rest
Technical/tactical skills Number of sessions 4 7 8 6
Efforts Ball-drill exercises, small-sided games, simulated games

Purpose of these exercises changed according to specific technical and
tactical team necessities

Flexibility Number of sessions 1 1 1 1
Core 2 2 2 1
Injury prevention 1 1 1 0
Friendly matches Number of matches 0 0 0 2

A: aerobic; An: anaerobic lactic; MAS: maximal aerobic speed; Sp: speed; S: strength; TT: technical and tactical.

the Recovery and Stress Questionnaire for Athletes (RESTQ)?
is a valid questionnaire often used to monitor stress and
recovery in team sports.'?-13 Biochemical variables, such as Cre-
atine Kinase (CK), and hormonal variables such as testosterone
and blood cortisol concentration are used to monitor muscle
damage and disturbance in the hypothalamus-pituitary-adrenal
and hypothalamus-pituitary-gonadal axis, respectively; all of
them indicators of fatigue accumulation.'21415 Thus, RESTQ, CK,
testosterone and cortisol are potential indicators (markers) to be
used for monitoring disturbances caused by fatigue accumulation
in response to a futsal pre-season.

The Yo-Yo IR test is the most commonly used physical
test to assess performance in team sports such as soccer and
futsal246.16-18 3nd the YYIR2 actually seems to be more responsive
to futsal training than the YYIR1.# Hence, more studies reporting
the behavior of the YYIR2 during the futsal training period are
warranted. Power of lower limb is an important factor in decisive
moments of futsal games such as kicking the ball at the goal, disput-
ing the ball and counterattacking. Vertical jump (V]) tests (i.e., squat
jump (S]); drop jump (DJ); countermovement jump (CMJ) tests) are
physical tests frequently used to monitor changes in the physical
capacity of futsal players."'® The different biomechanical, neuro-
muscular and elastic components involved in SJ, D] and CM]19:20
suggest that these tests can change differently in response to fut-
sal training, indicating different adaptations in the neuromuscular
system. However, to the best of our knowledge, the changes in the
different V] tests in response to specific futsal training have not yet
been investigated.

Although knowledge about the behavior of psychophysiologi-
cal markers and performance tests in response to the training load
worked in pre-season could help coaches and physical staff to plan
future training programs, physical performance and psychophysio-
logical responses to a pre-season phase in high-level futsal players
are still unclear. Thus, the main aim of this study was to verify the
effects of a specific pre-season planning on physical performance,
recovery-stress state and hormonal and muscle damage markers in
high-level futsal players.

Method
Subjects

Fifteen male futsal players (age 28.44+ 6.6 years, body mass
75.0 £6.6 kg; height 173.8+5.2cm; body fat 11.6 +£3.7%), mem-
bers of a high level Brazilian futsal team, participated in this
study. After presentation of the study proposal and explanation
of the possible risks involved in the process, players testified
voluntary participation and authorized the use and disclosure of
information. The study procedures were in accordance with the
international standards of human experimentation (Declaration of
Helsinki), and approved by the local ethics committee (protocol
n° 2501.241.2011).

Experimental design

The futsal players returned from an off-season period during
which physical activities were not controlled. The training pro-
gram implemented during the pre-season phase was planned by
team staff (Table 1). Before and after 4-weeks of pre-season, blood
samples were collected, the RESTQ was applied, and vertical jump
tests and YYIR2 were performed at 9:00 a.m. after 48 h without
training sessions. Players were instructed not to ingest alcohol and
caffeine for 24 h prior to data collection. Players performed 10 min
of warm up before the physical performance tests, consisting of
stretching and jogging at a comfortable pace. The ITL was measured
in all training sessions using the Session-RPE method.” Players were
familiarized with the RPE scale, questionnaires and physical tests
performed.

Blood collection was performed by a trained nurse, respecting
the principles of biosecurity required. Five ml of blood were col-
lected from the antecubital fossa arm vein, and stored in tubes with
a gel separator and taken to the laboratory to be analyzed on the
same day. For CK analysis, the blood sample was centrifuged for
5 min at 3200 rpm and the serum obtained was analyzed using spe-
cialized equipment (Biochemistry 3000 BT Plus® kit with Beckman
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Coulteur®). Testosterone and cortisol were analyzed using specific
chemiluminescence tests, following the Bio System Kit specifi-
cations, according to the laboratory routine. The technique was
developed by an Elecsys 2010 machine from Roche Diagnostics and
the laboratory has a quality system certified by ABNT/INMETRO/ISO
9001/2000.

To carry out the vertical jump (V]) tests an Ergojump carpet
(Cefise®, Brazil ) was used, with the analysis being performed using
Jump System 1.0 software (Cefise®, Brazil). Three jump tests were
performed in the following order: SJ, CM] and D]J. For S, the ath-
letes started in a squatting position with knees at approximately
90°, focusing only on the concentric phase of the movement. For
CMyJ, the athletes started in a standing position and then squatted
and jumped at fast velocity to perform the jump with stretch-
shortening cycle (SSC). The DJ started with the athlete in a standing
position, at 40 cm above the Ergojump Carpet and the participants
then squatted and jumped at fast velocity to perform the jump
with SSC. The athletes were instructed to keep their hands on their
waist. All players performed three trials for each jump test, with a
60 second interval between each attempt. The average of the best
two performances was retained for analysis.

Statistical analysis

The data are presented as mean and standard deviation.
The data normality was tested using the Shapiro-Wilk test.
Repeated measure ANOVA was used to compare the TWTL
between different weeks. To compare the differences between
pre- and post-training of all other dependent variables (except
the RESTQ scales) the Student’s t-test and the magnitude based
inference (MBI)?! were used, from which the smallest worth-
while change (i.e., 0.2 x standard deviation) and 90% confidence
intervals were also determined. The qualitative ranking uti-
lized was: <1%, almost certainly not; 1-5%, very unlikely;
5-25%, unlikely; 25-75%, possible; 75-95%, likely; 95-99%, very
likely; >99%, almost certain. If the positive and negative result
values were both >5% the results were deemed as unclear. The
MBI analyzes were conducted using a spreadsheet posted on the
web-site http://www.sportsci.org/resource/stats/.SPSS software,
version 20.0 was used for all analyses.

Results

The TWTL of the four pre-season weeks is shown in Fig. 1. The
TWTL of the first week was lower than that of the third week, and
the TWTL of the fourth week was lower than in the other three
weeks (p<0.01).

The performance in the YYIR2 and SJ tests increased after pre-
season (p<0.01), however the CM] and DJ did not change with
training (p > 0.05). MBI analyzes demonstrated that the chances of
SJ, CMJ, DJ and YYIR2 improving with training were very likely,

5000

4000

3000

TWTL (A.U.)

2000

1000

0

1-week 2-week 3-week 4-week

* Significant difference compared to week 3; # Significant difference
compared to weeks 1, 2 and 3 (p<0.01). TWTL = Total weekly
training load; A.U. = Arbitrary units

Fig. 1. TWTL of the 4 weeks of training.

possible, unlikely, almost certain, respectively (Table 2). The CK,
testosterone and testosterone/cortisol ratio (T/Cr) increased, and
cortisol decreased in response to pre-season training (p <0.01). The
MBI analyzes showed that the chances of testosterone, cortisol, T/Cr
and CK changing with training were possible, very likely, almost
certain and almost certain, respectively (Table 2).

The RESTQ scales “general stress, social stress, lack of energy,
physical recovery and sleep quality” did not change and the “social
recovery and general well-being” scales decreased with training.
All others RESTQ scales were higher after the training program
(p<0.05) (Figs. 1 and 2).

Discussion

The main results found in the present study were that the fut-
sal pre-season improved performance in the YYIR2 and SJ tests.
The improvement in performance tests was accompanied by an
increase in testosterone, CK, T/Cr and in the majority of the RESTQ
scales. Cortisol and the social recovery and general well-being
RESTQ scales decreased during the futsal pre-season.

The ITL monitored during the futsal pre-season in the present
study increased during the first three weeks and decreased in
week fourth. Intensification of the ITL followed by a period of
decrease has been reported previously in team sports.'21415.22
This training load distribution provides a moment of fatigue accu-
mulation, and, consequently, worsening performance in physical
tests!*1> which is followed by supercompensation and improving
performance in physical tests.!4!522 The improvement in physi-
cal tests, in response to training load distribution, demonstrated

Table 2

Changes in performance in physical tests and in biochemical variables during pre-season training.
Physical tests Pre-season Post-season p-Value MBI
SJ (cm) 36.31 + 4.08 39.01 + 4.47 0.01 98/2/0
CM]J (cm) 40.11 £ 4.73 41.13 £5.38 0.05 56/44/0
DJ (cm) 38.33 £4.75 38.21 £ 541 0.84 4/88/8
YYIR2 (m) 573.33 + 193.42 762.67 + 211.37 <0.01° 100/0/0
Testosterona (pg ml~—1) 14.43 + 1.62 14.78 £ 1.43 <0.01 58/42/0
Cortisol (ngml-1) 18.11 £ 4.17 14.61 £ 3.64 <0.01° 0/1/99
T/Cr 0.85 + 0.25 1.08 + 0.33 <0.01° 100/0/0
CK(UL™) 221.00 + 101.35 433.20 + 259.81 <0.01 100/0/0

CM]J: Countermovement jump; CK: creatine kinase; DJ: drop jump; MBI: magnitude based inference; SJ: squat jump; T/Cr: testosterone/cortisol ratio; YYIR2: Yo-Yo Inter-

mittent Recovery Test Level 2.
" Post-training better than pre-training (p < 0.05).
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Fig. 2. The pre-training and post-training RESTQ scales.

in the present study is in accordance with the aforementioned
studies.!41522

The supercompensation phenomena reported above is a possi-
ble explanation for the higher values in the YYIR2 (~35%) found
in the present study, compared with ~25% improvement pre-
viously reported in futsal and soccer players after a period of
training.*'® Furthermore, the high intensity characteristics of fut-
sal training and matches, with a large contribution from the
aerobic and anaerobic system, justify the improvement in the
YYIR2.3 The S] was the only neuromuscular test that significantly
changed in response to the futsal pre-season. The strength training,
accelerations, and other actions involved in futsal training could be
responsible for the improvement in SJ in the present study as pre-
viously reported in female basketball players.?? The stress RESTQ
scales (i.e., Emotional stress, conflict/pressure, fatigue, physical
complaints, disturbed breaks, emotional exhaustion and injuries)
increased and the recovery scales (i.e., social recovery and general
well-being) decreased in response to the futsal pre-season. Fur-
thermore, in the present study, some recovery scales (i.e., being in
shape, personal accomplishment, self-efficacy and self-regulation)
increased with training, suggesting that the futsal pre-season
positively changed the sport specific recovery scales.

The level of increase in CK blood concentration found in the
present study (i.e., 221.0-433.2UL"1) was lower than the level
reported in previous studies (i.e., ~400 to ~1300 U L~1) in which CK
was associated with decreased performance in physical tests.!41>
Despite an increase in CK blood concentration, players improved
their performance in the YYIR2 and S] tests. A similar increase in
CK blood concentration (i.e., ~180 to ~580UL~!) was not asso-
ciated with changes in performance in the CM] test in volleyball
players after a period of training load intensification.'? Possibly the
small increase in CK reported in the present study is a physiologi-
cal behavior in futsal players and does not impact on performance
in physical tests. Changes in cortisol and testosterone blood con-
centration reflecting in a decrease in T/Cr have been reported in
athletes with symptoms of fatigue accumulation.'*!> However, the
results found in the present study showed that cortisol decreased,
while testosterone and T/Cr increased in response to a futsal pre-
season. Since cortisol is a catabolic and testosterone an anabolic
hormone,?? the results found suggest that the futsal pre-season
promoted an anabolic environment in the players analyzed.

In summary, players improved their performance in the YYIR2
and S] tests in response to a futsal pre-season. Despite possi-
ble improvement in the CM] test, the futsal pre-season, without
explosive training, did not promote large changes in this variable.
Furthermore, the ITL behavior of the futsal training in the present

study promoted a favorable hormonal anabolic environment and
did not promote a negative disturbance in CK or stress/recovery
balance (i.e., RESTQ scales), suggesting that futsal players did not
report fatigue accumulation after a pre-season composed of three
weeks of accumulated ILT followed by one week of decreased ITL.
The results found in the present study suggest that coaches and
physical trainers could use an ITL distribution similar to that used
in the present study aiming to improve performance in physical
tests without increasing fatigue accumulation markers. Further-
more, the training load application should be accompanied by
frequent monitoring of the physical performance and psychophysi-
ological markers to ensure that the ITL distribution is appropriate to
different futsal players.
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ABSTRACT

Objective: The objective of this study was to evaluate the effects of a protocol of aquatic exercises in
postural control of elderly subjects with overweight and the influence of body mass and body mass index
in variables of the center of pressure.
Method: Each participant was positioned on the force platform, without shoes, feet apart on the same
alignment of the upper limbs along the body. For the collection, the subjects were instructed to stay on
in bipedal support on the force platform with eyes fixed on the bright spot for 60 s.
Results: Results indicated a notable difference in the variables root mean square-mediolateral and COP
area after aquatic exercise practice. However, visual condition analyzed indicates significant differences
in the variables root mean square-anteroposterior and speed anteroposterior.
Conclusion: Aquatic exercise had positive effects when analyzing the sensory condition suggesting main-
tenance of postural control. However, when analyzed post aquatic exercise in closed eyes condition and
the interaction effects of visual condition did not improve postural stability. In obese elderly, body mass
index resulted in a functional adaptation in control of upright stance, suggesting that the balance was
preserved in the population studied.

© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Published by Elsevier Espafia, S.L.U.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
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Influencia de un protocolo de ejercicios acuaticos en el control postural de
ancianos obesos

RESUMEN

Objetivo: El objetivo de este estudio fue evaluar los efectos de un protocolo de ejercicios acuaticos en
el control postural de sujetos de edad avanzada con exceso de peso y la influencia de masa corporaly el
indice de masa corporal en las variables del centro de presiones.

Método: Cada participante se posicion6 en la plataforma de fuerza sin zapatos, los pies separados con la
misma alineacién de las extremidades superiores a lo largo del cuerpo. Para el andlisis, los sujetos fueron
instruidos para permanecer en apoyo bipedo sobre la plataforma de fuerza con los ojos fijos en un punto
brillante durante 60 segundos.

Resultados: Los resultados indicaron una diferencia notable en las variables: Media Cuadratica-
Mediolateral y el Area descrita por el desplazamiento del centro de presiones, después de la practica
de ejercicio acuatico. Sin embargo, la condicién visual analizada indica diferencias significativas en las
variables: Media Cuadratica Anteroposterior y Velocidad Anteroposterior.

Conclusion: El ejercicio acuatico tuvo efectos positivos en el analisis de la condicién sensorial sugiriendo
el mantenimiento del control postural. Sin embargo, cuando se analizan la condicién de ojo cerrado tras
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1888-7546/© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Published by Elsevier Espaiia, S.L.U. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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el ejercicio acuatico y los efectos de la interaccién de la condicién visual no mejoro la estabilidad postural.
En obesos de edad avanzada, el indice de masa corporal resulté en una adaptacién funcional en el control

de la postura vertical, lo que sugiere que el equilibrio se conservé en la poblacién estudiada.
© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Publicado por Elsevier Espafia, S.L.U.
Este es un articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Influéncia de um protocolo de exercicios aquaticos no controle postural de
idosos obesos

RESUMO

Objetivo: O objetivo deste estudo foi avaliar os efeitos do protocolo de exercicios aquaticos no controle
postural de idosos com excesso de peso, e a influéncia de variaveis de massa corporal e indice de massa
corporal no centro de pressao.
Método: Cada participante foi posicionado sobre a plataforma de for¢a, sem sapatos, pés alinhados, bracos
ao longo do corpo. Durante a coleta, os individuos foram orientados a permanecer sobre a plataforma de
forca, com os olhos fixos no ponto brilhante durante 60 segundos.
Resultados: Os resultados indicaram uma diferenca significativa nas varidveis: drea do centro de pressdo
e média quadratica-mediolateral, ap6s a pratica de exercicio aqudtico. No entanto, a andlise da condi¢do
visual sugere diferencas significativas nas variaveis: média quadratica anteroposterior e velocidade
anteroposterior.
Conclusdo: Os exercicios aquaticos tiveram efeitos positivos sobre a andlise sugerido pela condi¢ao da
manutencdo do controle postural. No entanto, quando analisados em condi¢do de olho fechado apéds o
exercicio aquatico e os efeitos da interagdo da condigdo visual, ndo melhoram a estabilidade postural. Em
obesos idosos, o indice de massa corporal resultou numa adaptacdo funcional para controlar a posi¢ao
vertical, o que sugere que o equilibrio foi mantido na populag¢do estudada.
© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Publicado por Elsevier Espaiia, S.L.U.
Este & um artigo Open Access sob uma licenga CC BY-NC-ND (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Aging is associated with several changes in the life style and
body composition of the elderly population. Mainly, the loss of
balance might reduce the independence. In addition, this condi-
tion can be intensified due obesity.!> Furthermore, changes in
body composition is connected with aging, including muscle tis-
sue reduction and increase of the fat tissue, especially in the lower
limbs.!# The association between aging and obesity negatively
influence visual acuity, muscle strength, processing and nerve
conduction, tactile sensitivity causing a reduction in functional
capacity, losses in balance control, and increase the risk for falls.! >4
Thus, the maintenance of body balance in standing position for the
obese elderly is challenging task, which requires a complex integra-
tion of multiple systems, responsible for maintaining the projection
of the center of gravity of the subject on the support base.”

We can say that the balance and postural control are terms used
interchangeably, and can be defined as the ability to maintain the
projection of the center of gravity on the support base limits for
static and dynamic positions.®” The assessment of the balance can
be estimated by calculating the center of pressure (COP). COP cha-
racterized by the application point of the resultant vertical forces
acting on the support surface. The COP displacement is a collective
result of postural control system and the force of gravity.® Some
of the changes that occur in postural control as part of the aging
process are reflected in COP displacement.?

In view of some changes that occur in the elderly, physical acti-
vity can be an adjuvant therapy, improving balance control for both
elderly and obese subjects. Various types of training are described
in the literature and indicate positive effects in the control of these
subjects.?~ 13 Aquatic exercises may be preferred for this popula-
tion since they allow these to perform large movements without
the risk of falling or injury and assist in maintaining an indepen-
dent stance. Water has a viscosity that allows movements to be

performed slowly and so the subjects have more time to create and
develop responses reaction mechanisms. Combinations of train-
ing principles lead to an increase in muscle strength, improved
flexibility, balance, and consequently reduce the number of falls.'?

This study hypothesized that overweight elderly subjects could
improve postural control after performing a protocol of aquatic
exercises, taking into account the physical properties of water in
reducing the impact on the joints and in the great movements of
accomplishment permission amplitude. Therefore, the aim of this
study was to evaluate the effects of aquatic exercise protocol in pos-
tural control of elderly subjects with overweight and the influence
of body mass and body mass index (BMI) on the COP variables.

Method
Subject

The Ethics Committee of the Federal University of Goias (UFG)
and declaration of Heisinki, under number 093, approved the
study. All participants were informed about the research proce-
dures and signed the Informed Consent. The study included ten
female subjects (age=68.90+4.05 years; height=1.43+0.01 m;
mass=64.43 +8.32kg) and three males (age 70.55+2.40 years;
height=1.53 +0.03 m; mass=67.40+ 18.90 kg). All subjects were
overweight when classified according to the BMI (LIPSCHITZ, DA,
1994). They were recruited from a Family Health Strategy Unit
(ESF) in the city of Professor Jamil - Goias and evaluated in the
first half of 2011 and the first half of 2013. Inclusion criteria were
having regularly attended the activities in the local from 2011; age
or greater than 60; do not have musculoskeletal problems. Partic-
ipants with high blood pressure and uncontrolled blood glucose,
cognitive impairment losses engines (injury or broken hip, knee,
ankle and/or foot in the twelve months before the trials) or device
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Table 1
Exercise protocol.
Phases Exercises type Duration and frequency Intensity
Warming up Walk - 10 laps on the swimming pool 10 min 3 times a week Perceived exertion (level 9-11) Borg scale
Aquatic exercises -Upper limb: abduction/adduction/flexion 30 min, 3 times per week The increase in the number of repeats was
with the aid of flotation device; displacement 3 sets of 8-15 repetitions; performed according to the subjective
in the transverse plane; A minute average recovery perception of the group;
-Lower limbs: flexion/extension of the hip and between sets Level 13-15 Borg scale
knee; abduction/adduction of the hip;
flexion/dorsiflexion plant;
Relaxation Fluctuation; stretching arms and legs 10 minutes, 3 times per week Increase of 30's each month

Level (9-11) Borg scale

use auxiliary upright posture or gait were excluded from sample.
The datarelating to controlled glycaemia or were not collected from
medical records

Experimental design

To collect the body mass data and height a digital scale, brand
Toledo (2096PP model, Sao Paulo, Brazil) and a stadiometer by
Sanny (professional, Sao Paulo, Brazil) were used. To collect kinetic
data an AMTI force platform (model OR6-7, Massachusetts, USA)
six channels of 50 cm x 50 cm placed on a smooth surface at ground
level was used.

Prior to the experimental procedure, height and body mass was
measured according to protocol defined by Lohman et al.'? Each
participant was positioned on the force platform, without shoes,
feet apart on the same alignment of the upper limbs along the body.
The distance between the feet was self-selected. The subject in this
position kept his eyes on a bright point positioned 1.5 meters apart
and 1.7 m high. A beep indicated the beginning of each subject col-
lection. For the first collection, the subjects were instructed to stay
on in bipedal support on the force platform with eyes fixed on the
bright spot for 60s. Three samples were performed with an inter-
val of 1 min between them. Then were held collections without the
visual stimulus (eyes closed) following the same procedures of col-
lection with visual stimulus. Participants were reassessed after two
years of exercises.

The data were stored on a personal computer via Universal
Serial Bus (USB), acquired at a frequency of 100Hz through the
Balance Clinic software, designed for data acquisition in the three
orthogonal axes (x component, y, z). After all collections data were
exported to a file ASCII. A data analysis involved comparison of
the main stabilizing measures, including oscillation range and the
length of the COP of the way with their directional subcomponents:
anteroposterior (AP) and mediolateral (ML). To perform these ana-
lyzes environment in routine Matlab® was developed. A COP area
(AREA) was estimated at 95% of the ellipse and expressed in cm?.
The root mean square (RMS), the series time COP was calculated
according to the formula:

N
ms dir = | 57 > (CPaiei) - CPage (1) )
i=1

where N is the number of sample and CPy;, the direction of COP (AP
or ML).

The average speed of the COP was measured along the axis ML
and AP expressed in cm/s.2? The calculation was performed based
on the following formula:

N-1 . 12

2 : (deir,ajust(l + 1) - CPdir,ajust(l))

veldir = N/FS (2)
i=1

where vely;, is the speed of the COP. CPgj; ,jus; is the centralized
setting inrelation to the first data captured in AP or ML directions; N
is the sample number and Fs is the sampling frequency of collection.
The last variable analyzed was the total displacement (DTOT) of
the COP. For this measurement, the following formula was used:

N-1
Dror = 1/ (CPunli+ 1) = CPA(D)? + (CPagli+ 1) — CPag(i))
i=1

(3)

where Dy is the displacement of the COP; N is the number of
sample; CPyy is the direction of mediolateral COP; CPp, is the
anteroposterior direction of the COP.

Participants performed two years of exercises with a frequency
of three times a week, for about 50 min. The exercise proto-
col was performed with 10-min warm up, 30 min of exercises
and ten minutes of relaxation. Table 1 lists the exercises per-
formed during the two years of the study. The exercises were
performed in a heated pool (25-29°C), covered with dimensions
of 15m x 7m x 1.50 m. Participants performed the exercises with
the water level between the nipple line and the waist. The proto-
col by the subjects consisted of stretching, and relaxation class. All
activities were carried out in the pool and supervised by a trained
professional.

Statistical analysis

The results were expressed as mean, standard deviation, fre-
quency and graphics. To verify the normality of the data, we used
the Shapiro-Wilk test. Analysis of variance (ANOVA) two-way
repeated measures was used to test the effects of aquatic exer-
cise in visual condition (Open eyes [EO] and Closed eyes [EC])
and the interaction between them. The association between the
independent variables, body mass and BMI with the COP variables
were evaluated using Spearman’s correlation coefficient. The sig-
nificance level was 0.05. Statistical analysis was performed using
SPSS software (Statistical Package for Social Sciences).

Results

The mean pre-assessment body mass was 65.11+10.63 kg
(95% CI: 59.31-70.79) and after 24 months was 65.59 +10.73 kg
(95% CI: 59.92-71.21). When subjects were classified by BMI
values, on both occasions, according Lipschitz,! all were in
the overweight range (>27kg/m2).! For BMI pre and post
average were 30.87 +4.96kg/m? (95% Cl: 28.23-33.56 kg/m?),
31.18 +4.86kg/m2 (95% CI: 28.54-33.68kg/m?2), respectively.
There were no significant differences in body weight and BMI after
the monitoring of individuals (p=0.49; p = 0.64, respectively).

When assessing the effects of aquatic exercise on the COP varia-
bles, RMS-ML (F=5.49, p=0.04) and AREA (F=11.80, p=0.005),
these had increased after 24 months. The effects of the visual
condition were recorded RMS-AP (root mean square antero-
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Cop parameters according to sensory condition and pre training and post (two year after) for total group: mean (SD).

EO pre EO post EC pre EC post
RMS-AP (cm) 0.38 (0.12) 0.38 (0.12) 0.43 (0.12) 0.45 (0.14)'
RMS-ML (cm) 0.20 (0.08) 0.23 (0.10) 0.22 (0.10) 0.24 (0.10)
AREA (cm?) 1.45(0.93) 1.84(1.10) 1.43 (0.82) 2.19(1.43)
VEL-AP (cm/s) 0.88 (0.32) 0.75 (0.19) 1.10(0.48) 1.11(0.39)
VEL-ML (cm/s) 0.44 (0.16) 0.45 (0.18) 0.48 (0.19) 0.51 (0.18)
DTOT (cm) 63.80(21.97) 57.34(15.83) 77.63 (31.54) 78.96 (26.78)

RMS-AP: root mean square anteroposterior; RMS-ML: root mean square mediolateral; VEL-AP: velocity anteroposterior; VEL-ML: velocity mediolateral; DTOT: total dis-

placement; EO: Open Eyes; EC: Closed Eyes.
" p<0.05 to difference between pre and post training.
* p<0.01 to sensory condition.

posterior) (F=9.19, p=0.01), SPD-AP (displacement of the COP
anteroposterior) (F=22.95, p<0.001) and DTOT (total displace-
ment of the COP) (F=19.50, p=0.001) (Table 2). The ANOVA
results for two-way repeated measures indicated no interaction
between activity and the visual condition of the variables of
the COP.

Fig. 1 shows the values before and after the aquatic exer-
cise for each subject of the variable speed pressure center
anteroposterior-(VEL-AP) (Fig. 1A and B) and speed pressure center
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mediolateral (VEL-ML) (Fig. 1C and D), and the average val-
ues for the condition of open eyes (OE) and closed eyes (OC)
(Fig. 1E). There was a 14.8% reduction and a small increase of
1% for VEL-AP values between the EC and OE conditions, respec-
tively. For the VEL-ML variable the increase was 2.3% for OA
and 6.2% for OC. When performed the association between body
mass, BMI and the variables of the COP these were not sig-
nificant when analyzed before and after 24 months of aquatic
exercises.
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Fig. 1. Individual values for the VEL-AP variables, OE and OC (A and B) and VEL-ML, EO and (C and D) before and after aquatic exercise. (E) Average values and the standard
deviation visual (EO and EC) before and after aquatic exercise. {Effects of visual condition on COP speed (p <0.001).
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Discussion

This study aimed to evaluate the effects of a protocol of aquatic
exercises in postural control of elderly and obese subjects beyond
the influence of body mass and body mass index (BMI) of variables
of the COP. The results indicated that after aquatic exercise, the
RMS-MLvariables and the AREA differ significantly. When the effect
of visual condition was analyzed, the only variables that showed
significant differences were RMS-AP, VEL-AP and DTOT. In addi-
tion, associations were found between body weight, BMI and the
variables of the COP.

Several studies have demonstrated the positive effects of aquatic
exercise on various physiological and biomechanical parameters
in the elderly. Among these are the increases in VOymax, walk-
ing speed, motor coordination and balance.!®'# Aquatic exercises
increase muscle strength and stable posture independently in the
elderly and generate the realization of large movements without
increasing the risk of falls and consequential injuries.'® In addition,
the viscosity of the water allows slower movements and thus pro-
vides a longer time for the elderly to create and react to stimuli
data during the exercises. The combination of frequency and speed
of motion can cause an increase in strength and improvement in
flexibility.!®

When the COP variables (RMS-ML, RMS-AP and AREA), pre-
and post-aquatic exercises were compared with the study results
of Suomi and Koceja,'® they showed higher values. Two factors
may explain these differences: First, the population studied in the
present study was elderly with BMI greater than 27 kg/m? (patients
with orthopedic problems were not excluded) and the study used
for comparison, the target was elderly with clinical condition of
rheumatoid arthritis and osteoarthritis, and not the body composi-
tion. The collection time on the platform can also have affected the
comparison of the values found. Today there is still no standard-
ization for this type of collection, and the researcher’s discretion
the best way for your study. Studies show different times in the
acquisition of kinetic data for the best static postural control in
the standing posture.>17-19

The results of the associations of body mass, BMI and the COP
variables are different from those found in the literature.>'° Studies
indicate that increased BMI and body mass may indicate changes
in the individual’s ability to maintain balance. This fact must be
taken into account, since the postural stability is a prerequisite for
daily activities.>'9 However, there is evidence in the literature that
increased body mass results in a functional adaptation to control
the upright posture, the fact characterized by a reduction in pos-
tural sway, suggesting that postural balance is preserved. Already,
in obese subjects with BMI greater than 40 kg/m? can happen sub-
stantial deterioration in AP stability.2°

It should be emphasized that age influences the functional abi-
lities of individuals, due to the decline of voluntary physical activity
is associated with reduced aerobic capacity, muscle strength and
balance control.* Thus, even if there are adjustments with increas-
ing body mass, individuals would not be free from suffering the
aging losses that may at some point be characterized by various
clinical conditions, including various aspects, including the mus-
culoskeletal. These are related sarcopenia, which is pronounced in
the soleus muscle, which plays an important role in the postural
control and suffers from the aging of collagen and fat infiltration
and intensifies the obese subject.?! In addition, the peripheral and
axial mechanical changes, which are expressed by the degenera-
tion of articular cartilage, reducing the thickness of the subcondral
bone, bone remodeling with osteophytes formation and sub articu-
lar bone cysts. When these degenerative changes are severe pain
can limit the activities of daily living and impair postural control.?!

The present study showed that the longer duration of treatment
might influence postural control. The type of activity performed

in the aquatic environment is recommended for obese patients to
minimize the impacts of the exercises performed on the ground,
by allowing a range of motion in different bases of support, which
leads to an improvement of balance, and reducing the risk of falls.

Some factors were limiting to be able to generalize the results.
The small number of individuals, low compliance of males, and
the absence of a control group and other methods, such as elec-
tromyography, to detect changes in muscle components and their
association with the variables of the COP. Another factor to consider
is the long period between the collections. Since this is a group of
elderly time can interfere considerably in the analyzed variables.

The findings of this study indicate differences in postural stabi-
lity obese subjects when evaluated after aquatic exercise in closed
eyes condition. Regarding the effect of sensory condition there was
no difference in displacement and AP speed, and the total COP
displacement. In obese subjects BMI resulted in a functional adap-
tation in control of upright stance, this suggests that the balance
was preserved in this sample.

The results also indicate that aquatic exercises were efficient
when analyzing the sensory condition with open eyes since there
were no differences after training, then suggesting maintenance of
postural control. However, when analyzing the closed eyes con-
dition and the effect of visual condition these results were not
significant in improving stability.

Finally, after two years of intervention in this group the effects of
maintaining balance indicate that the improvement was effective,
thinks seen the range of ratings. In two years, the effects in the
elderly are considerable when it comes to body stability.
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Article history: Objective: Rugby union is a fast growing sport all over the world, due to its nature as a contact sport it is
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Method: The authors present a cohort prospective study focusing on the incidence and severity of shoulder
injuries in a population of 51 male of top-tier Portuguese Rugby Union players aiming, to characterize rel-
evant epidemiological aspects, conducted between September 2013 and May 2014. All data was collected
and recorded according to the consensus statement for epidemiological studies in Rugby Union.
Results: A total injury incidence rate of 23.68 per 1000 player match-hours was found with a mean
severity of injuries of 34.22, a value higher than expected when comparing with previous studies. New
and recurrent injuries occurred in a 7:2 ratio. Reported mean severity of 41.57 days in new injuries versus
8.50 days.
Conclusion: The proportion of recurrent injuries alerts us for the importance of preventing measures.
Poor physical condition of the players seems to have contributed to the increased number of shoulder
injuries of our target population. Specific training programs to improve muscle strength and directed
training to improve correct technical aspects of the tackling engagement during the fatigue periods of
the game could be very important in the prevention of shoulder injuries.

© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Published by Elsevier Espafia, S.L.U.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).
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Lesiones del hombro en rugby: incidencia y gravedad en un equipo masculino
portugués durante una temporada

RESUMEN

Palabras clave: Objetivo: El rugby es un deporte de rapido crecimiento en todo el mundo, debido a su naturaleza, tratan-
Articulacién i dose de un deporte de contacto es frecuente que los jugadores sufran lesiones, mas especificamente en
Traumatologia la articulacién del hombro, donde las lesiones suceden con mayor severidad.

Rugby Método: Los autores presentan un estudio de cohorte prospectivo centrado en la incidencia y la gravedad
delaslesiones de hombro en una poblacién de 51 jugadores de primer nivel de Rugby de la liga portuguesa,
caracterizando aspectos epidemiolégicos relevantes, datos recogidos de septiembre de 2013 a mayo de
2014. Todos los datos fueron conseguidos y registrados de acuerdo con la declaracién de consenso para
estudios epidemiolégicos de Rugby.
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Resultados: La tasa total de incidencia de lesiones fue de 23.68 por cada 1000 horas de competicion
y jugador, con una severidad media de las lesiones de 34.22 dias, un valor mas alto de lo esperado
comparado con con estudios previos. Lesiones nuevas frente a recurrentes ocurrieron en una proporcién
de 7:2. La gravedad media fue de 41.57 dias en las nuevas lesiones frente a 8.50 dias en las recurrentes.
Conclusion: Los datos de lesiones recurrentes nos alertan de la importancia de las medidas preventivas.
La mala condicion fisica de los jugadores contribuyé al aumento del niimero de lesiones de hombro de
nuestra poblacién. Programas especificos de formacién, para mejorar la fuerza muscular y entrenamiento
especifico para conseguir una técnica correcta, especialmente durante los periodos de fatiga del juego,

pueden ser muy importantes en la prevencién de lesiones del hombro.
© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Publicado por Elsevier Espaiia, S.L.U.
Este es un articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Lesdes no ombro em Rugby: incidéncia e gravidade de uma equipa masculina
portuguesa durante uma temporada

RESUMDO

Objectivo: O Rugby é um desporto em rapido crescimento em todo o mundo, devido a sua natureza como
desporto de contato, ocorrem frequentemente lesdes, mais especificamente na articula¢do do ombro.
Método: Os autores apresentam um estudo prospetivo de coorte focado na incidéncia e gravidade das
lesdes do ombro numa populagdo de 51 jogadores de rugby, de primeiro nivel do campeonato Portugués,
caracterizando aspetos epidemioldgicos relevantes. Os dados foram colhidos de setembro de 2013 a maio
de 2014. Todos os dados foram obtidos e registados em conformidade com a declaragdo de consenso para
estudos epidemiol6gicos em Rugby.
Resultados: Uma taxa de incidéncia total de 23.68 lesdes por 1.000 horas de jogo-jogador foi registada,
com uma gravidade média das lesdes de 34.22 dias, um valor mais elevado do que o esperado quando
comparado com estudos anteriores. Lesdes novas e recorrentes ocorreram numa propor¢do de 7:2. A
gravidade média foi de 41.57 dias em novas lesdes contra 8.50 dias em lesdes recorrentes.
Conclusdo: Estes dados alertam-nos para a importancia de medidas preventivas. A condigao fisica pobre
dos jogadores pode ter contribuido para o aumento do ntimero de lesdes de ombro da nossa populagdo.
Programas de treino especificos para melhorar a forca muscular e preparacao individualizada com vista
a melhorar aspetos técnicos poderdo ser importantes na prevenc¢do de lesdes no ombro.
© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Publicado por Elsevier Espafia, S.L.U.
Este & um artigo Open Access sob uma licenga CC BY-NC-ND (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

Rugby union is one of the most played and watched sports in
the world with more than five million rugby players worldwide,' 3
being reported a player yearly increase of 19%.* In Portugal, a grow-
ing interest in rugby union has been also witnessed by all agents
involved.”® Due to its nature as a contact sport, there is an increased
susceptibility to the occurrence of traumatic injuries, particularly
in the shoulder joint.?

Most studies report shoulder injury incidence to range
from 2.3 to 13 per 1000 player match-hours at amateur
and professional level, respectively.>’ Reported mean sever-
ity is also high and reaches 9.4 weeks for amateur players
and 52.6 and 41.1 days for professional forwards and backs,
respectively.”-?

It is also know that only 6% of all traumatic injuries in rugby
union are caused by foul plays'® and that their natural appea-
rance is a result of normal gameplay.'’'2 Shoulder is one of
the most frequently injured joints both in amateur and profes-
sional rugby union'? and it has been reported that between 49%
and 72% of all injuries occur on the event of tackling or being
tackled.”14-16

The aim of this study is to report the incidence of traumatic
shoulder injuries sustained by a group of top-tier Portuguese Rugby
Union players, and to characterize some relevant epidemiological
aspects.

Method
Sample

A total of 51 Portuguese senior male rugby players (age:
22.10+4.59 years; body height: 1.79+0.05m; body mass:
88.06 & 13.74 kg) were included in our study. The study conformed
to the standards set by the Declaration of Helsinki. Players were
informed about the procedures, potential risks and benefits of the
study.

Procedures

A cohort prospective study was conducted, between September
2013 and May 2014, monitoring the incidence of shoulder injuries
occurred in a group of Portuguese Rugby Union players, playing
in the same team in the top-tier of the Portuguese Rugby Union
National Championship (Divisdo de Honra).

The Portuguese Top-tier National Championship is a ‘round-
robin’ tournament with the top six teams qualifying to a final
play-off. In the case of the team included in our study, the total num-
ber of matches played during the 2013/14 season was nineteen.
Therefore, the total match exposure time of players in hours (given
by NmPmDm/60, where Nm is the number of matches played, Pm
is the number of players in the team and Dm is the duration of the
match in minutes)!> was 380 player match-hours.
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Table 1
Shoulder injuries sustained during the Portuguese 2013/2014 rugby season.

Case Position Type Contact Recurrent Severity (days)
1 Forward Joint Yes No 60
2 Forward Joint Yes No 60
3 Forward Joint Yes Yes 7
4 Forward Joint Yes Yes 10
5 Forward Joint Yes No 21
6 Back Joint Yes No 35
7 Back Joint No No 21
8 Forward Dislocation Yes No 10
9 Forward Joint Yes No 84

The protocol involved the immediate report of all suspected
shoulder injuries by the medical staff of the team to the researchers
(all medical practitioners), who then would assess the player. All
injured players were followed until their return to practice without
limitations.

Data was collected and recorded according to the consensus
statement for epidemiological studies in rugby union.'> 6 Informa-
tion was retrieved regarding: the position of the player; the type of
injury sustained (muscle, contusion, dislocation, joint or fracture);
if the injury was preceded by contact with the opponent or not; if
this was a new or recurrent injury; the number of days the player
was absent from practice and/or training.

Statistical analysis

We report injury incidence as injury/1000 player match-hours
(95% confidence interval - CI) and severity as mean (4standard
deviation - SD) days. For continuous variables, normality was
assessed using Shapiro-Wilk. As continuous variables were nor-
mally distributed, Student’s t-test was used to compare the severity
of injuries between positions, and recurrent versus non-recurrent
injuries. Statistical significance was accepted at p < 0.05. Descriptive
and inferential analysis was performed using SPSS® v20.0.

Results

A total of nine shoulder injuries sustained during matches
throughout the 2013/14 season were reported for rugby players
of the team included in our study. Data is summarized in Table 1.
This represents a total injury incidence rate of 23.68 per 1000 player
match-hours (95% confidence interval - CI: 11.70-43.23). Only one
of the injuries was reported as mild (causing an absence of less
than 7 days to practice or training), four were considered mode-
rate (absence ranging from 8 to 28 days) and four severe (absence
greater than 28 days).

Seven of the injuries were sustained by forwards, and only two
by backs, leading to different injury incidence rates: 34.54 per 1000
player match-hours (95% CI: 15.40-67.82) for forwards, and 11.27
per 1000 player match-hours (95% CI: 2.25-36.15) for backs, as it
can be seen in Table 1. Mean severity of injuries was 36.00 (+-31.28)
days for forwards, and 28.00 (+9.88) days for backs (see Fig. 1), but
no significant statistical differences were found between the two
groups (p=0.581), with a global mean severity of injuries of 34.22
(£27.55) days.

It was also noticed that seven of the injuries were new and two
considered to be recurrent. The mean severity reported for recur-
rent injuries was 8.50 (+£2.12) days, while for new injuries, mean
severity was 0f41.57 (£26.97) days (see Fig. 2). Regarding these dif-
ferences, a statistical significance was found (p=0.017) with new
shoulder injuries causing greater absence from practice or match,
when compared to recurrences of old injuries.

It is important to notice that, as expected, eight of the
nine injuries were sustained after contact with the opponent.

100.00

80.00

60.00

40.00

20.00

0.00

Forwards Backs
Position

Fig. 1. Severity of injuries by position.

100.00

80.00

60.00

Severity

40.00

20.00

0.00

No Yes
Recurrence

Fig. 2. Severity of new versus recurrent shoulder injuries.

Regarding the type of injury, and according to the consensus state-
ment for epidemiological studies in rugby union,'>'6 eight of the
injuries were classified as ‘Joint/ligament’ and one as ‘dislocation’.

Discussion

Considering the incidence of shoulder and upper limb injuries
in senior men’s professional rugby union (26-84 per 1000 player
match-hours)? it is clear that our population presented results
within the expected parameters (23.86 per 1000 player match-
hours), despite the theory presented by some authors that claim
that a greater incidence of injury occurs in higher levels of
play.1317.18

The mean severity of injuries was 34.22 (+27.55) days, a value
higher than expected when comparing with other studies'!!>
showing mean severity of injuries for forwards to be 21.2 versus
36.00(+31.28)in our study, and for backs 26.2 versus 28.00 (+-9.88)
days in our study.

Our results also show that new injuries are significant and are
associated with higher mean severity. This finding is also con-
sistent with the literature that considers the average severity of
new injuries to be higher. Reported mean severity of 41.57 days in
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new injuries versus 8.50 days in recurrent injuries alerts us for the
importance of preventing measures. Higher level of physical prepa-
ration, adequate warm up and the use of protective equipment may
help in the prevention of in game shoulder injury.

As limitations of this study we find that a larger number of pla-
yers and injuries could lead to stronger statistical power, as well
as more seasons of follow up to assess with greater certainty the
results obtained.

In the light of these results, the authors believe that the rehabi-
litating support offered in the professional level might play an
important role when treating and rehabilitating an injured player.
It is of the utmost importance an early and directed individual
rehabilitation program in order to achieve a faster and satisfying
result.

When comparing our results with other studies that report
shoulder injuries, the authors believe that the physical condition
and faster exhaustion of the players contributed to the increased
number of shoulder injuries of our target population. Specific train-
ing programs, to improve muscle strength and technical training,
to improve correct technical aspects of the tackling interaction,
during the fatigue periods of the game, could be paramount in
the prevention of shoulder injuries. It is the author’s opinion that
more prospective studies, involving specific training programs,
are needed in order to better understand the role of physical
conditioning and specific muscle strengthening programs, in the
prevention of primary and recurrent shoulder injuries during rugby
matches.
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RESUMO

Objetivo: Comparar respostas psicobioldgicas e perceptuais agudas em homens normotensos e hiper-
tensos, ap6s sessdes de treinamento resistido com diferentes niveis de interacdo social: treinamento
resistido manual e treinamento resistido com pesos livres.
Meétodo: Vinte e seis homens (14 normotensos, 40.29+8.63 anos, indice de massa corporal:
26.53 +5.24kg/m?; 12 hipertensos, 46.00+9.13 anos, indice de massa corporal: 32.51 +4.41 kg/m?2)
foram submetidos a sessdes tnicas de treinamento resistido manual e treinamento resistido com pesos
livres. Foram aferidos ansiedade e humor nos momentos pré e pés-intervengao. Adicionalmente, foi apli-
cado um questionario para identificar pontos positivos e negativos das intervengdes. Para analise dos
resultados, utilizou-se ANOVA two-way e post-hoc de Bonferroni. Adotou-se nivel de significincia de 5%.
Para ansiedade e humor, também foi utilizada analise do tamanho do efeito. A analise do questionario
qualitativo considerou a frequéncia de pontos positivos e negativos relatados pelos voluntarios.
Resultados: Nenhuma intervencdo foi eficiente em diminuir significativamente os valores iniciais de
ansiedade; no entanto, o treinamento resistido manual apresentou maior magnitude de diminui¢do no
tamanho do efeito. Nos fatores negativos do humor, o treinamento resistido manual também proporcio-
nou maiores magnitudes para diminui¢do no tamanho do efeito. O treinamento resistido manual teve
mais pontos positivos e menos pontos negativos mencionados pela amostra, em relacdo ao treinamento
resistido com pesos livres.
Conclusdo: O nivel de interac¢do social parece influenciar positivamente as respostas psicobiolégicas agu-
das do treinamento resistido, e o treinamento resistido manual parece ser uma alternativa viavel para
esse objetivo.

© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Publicado por Elsevier Espafia,

S.L.U. Este é um artigo Open Access sob uma licengca CC BY-NC-ND (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Palabras clave:
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manual
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* Autor para correspondéncia.

Respuestas psicobioldgicas agudas del entrenamiento de fuerza con diferentes
niveles de interaccion social

RESUMEN

Objetivo: Comparar las respuestas psicobioldgicas y percepcionales agudas en hombres normotensos e
hipertensos, después de sesiones de entrenamiento de fuerza con diferentes niveles de interaccién social:
entrenamiento de fuerza manual y con pesos libres.

Método: Veintiséis hombres (14 normotensos, 40.29+8.63 afios, indice de masa corporal:
26.53 +5.24 kg/m?; 12 hipertensos, 46.00 +9.13 afios, indice de masa corporal: 32.51 +4.41 kg/m?) fue-
ron sometidos a sesiones individuales de entrenamiento de fuerza manual y con pesos libres. Se midieron
la ansiedad y el estado de animo antes y después de la intervencién. Ademads, se aplicé un cuestionario
para identificar los puntos positivos y negativos de las intervenciones. Para el andlisis de los datos, se
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utiliz6 ANOVA de dos vias y el test de Bonferroni. Se adopté un nivel de significacién del 5%. Para ansiedad
y el estado de dnimo también se utilizé el andlisis del tamafio del efecto. El andlisis del cuestionario
cualitativo considero la frecuencia de puntos positivos y negativos reportados por los voluntarios.
Resultados: La intervencion no fue eficaz en la disminucioén significativa de los valores iniciales de ansie-
dad, sin embargo, el entrenamiento de fuerza manual mostré una mayor magnitud de la disminucién en
el tamario del efecto. En los factores negativos del estado de animo y, el entrenamiento de fuerza manual
también proporcioné mayores magnitudes en la disminucién del tamafio del efecto. El entrenamiento
de fuerza manual tenia mas puntos positivos y menos negativos mencionados por la muestra en relacién
con entrenamiento de fuerza con pesos libres.
Conclusion: El nivel de interaccién social parece influir positivamente en las respuestas psicobioldgicas
agudas al entrenamiento de fuerza y el entrenamiento de fuerza manual parece ser una alternativa viable
para este propdsito.

© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Publicado por Elsevier Espafia, S.L.U.
Este es un articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Psychobiological acute responses of resistance training with different levels of
social interaction

ABSTRACT

Objective: To compare the acute psychobiological and perceptual responses in normotensive and hyper-
tensive men after resistance training sessions with different levels of social interaction: manual resistance
training and free weights resistance training.
Method: 26 men (14 normotensive, 40.29 + 8.63 years, Body Mass Index: 26.53 + 5.24 kg/m?; 12 hyper-
tensive, 46.00 +9.13 years, Body Mass Index: 32.51 + 4. 41 kg/m?) underwent single sessions of manual
resistance training and free weights resistance training. Anxiety and mood were measured in pre- and
post-intervention. In addition, a questionnaire was applied to identify positive and negative points of
the interventions. For data analysis, we used two-way ANOVA and post-hoc Bonferroni. The significance
level adopted was 5%. For anxiety and mood it was also used analysis of effect size. The analysis of
the qualitative questionnaire considered the frequency of positive and negative points reported by the
volunteers.
Results: Both intervention was ineffective in significantly decreasing the initial values of anxiety; however
the manual resistance training showed greater magnitude of decrease in effect size. In the negative factors
of mood, the manual resistance training also provided greater magnitudes to decrease in effect size. The
manual resistance training had more positive and less negative points mentioned by the sample relative
to free weights resistance training.
Conclusion: Social interaction level appears to positively influence the acute psychobiological responses of
resistance training, and the manual resistance training appears to be a viable alternative for this purpose.
© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Published by Elsevier Espafia, S.L.U.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Introducao

O TR manual (TRM) é uma forma alternativa de TR na qual a
resisténcia para execuc¢do dos exercicios é proporcionada por um

O treinamento resistido (TR) tem sido bem recomendado
em programas de exercicio fisico para melhoria da satdde, con-
templando aspectos fisioldgicos' e psicobioldgicos?. Strickland e
Smith> citam que o TR apresenta respostas positivas sobre niveis
de ansiedade (ANS) e humor (HUM). Esses beneficios ja justificam
a aplicagdo do TR para a populacdo em geral, em especial para indi-
viduos hipertensos (HT), considerando que a elevacdo de alguns
estados emocionais tende a elevar a pressao arterial, estando asso-
ciada ao desenvolvimento da hipertensio arterial®.

Diversas sdo as caracteristicas do exercicio fisico que exer-
cem influéncia positiva sobre os aspectos psicobiolégicos, porém,
a interagdo social (IS) é citada como caracteristica determinante
para sua ocorréncia®. A IS é uma caracteristica presente em diver-
sas modalidades de exercicio, em especial nas coletivas. No entanto,
o TR em seu formato convencional explora pouco a IS entre os
participantes.

Considerando que o TR pode exercer influéncia positiva sobre a
satide mental? e que a IS é uma das caracteristicas que pode poten-
cializar os beneficios®, explorar formas de TR com maior nivel de
IS entre os participantes pode ser uma estratégia interessante, para
proporcionar beneficios psicobiolégicos ainda mais evidenciados.

parceiro de treino, no sentido contrario ao movimento realizado
pelo executante, de forma manual®’. Por ser baseada na resisténcia
manual, o nivel de IS no TRM é maior devido ao contato fisico, que é
inexistente ou minimo no TR com pesos livres (TRPL). Assim, nossa
hip6tese é que o TRM possa ser uma intervenc¢do interessante para
potencializar as respostas psicobiolégicas do TR. No entanto, ndo se
tem conhecimento de estudos investigando esses aspectos.

Assim, o objetivo do presente estudo foi comparar respostas psi-
cobioldgicas e perceptuais agudas em homens normotensos (NT) e
HT ap6s sessdes de TR com diferentes niveis de IS: TRM e TRPL.

Método
Amostra

Vinte e seis voluntarios, sendo 14 NT (40.29 + 8.63 anos; indice
de massa corporal [IMC]: 26.53 +5.24 kg/m?) e 12 HT (46.00+9.13
anos; IMC: 32.51 +4.41kg/m?), participaram do estudo. Foram
adotados os seguintes critérios de inclusdo: ser homem, ter entre
30-59 anos de idade, ser HT ou NT, ter liberacdo médica para
realizacdo de exercicios fisicos, ndo estar engajado em programa de
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exercicios fisicos, ter disponibilidade para participar das dois ses-
soes de treino. Os critérios de inclusdo foram identificados através
de entrevista prévia e o ndo atendimento aos critérios de inclusdo
foi considerado para exclusio dos voluntarios.

Todas as condutas éticas para pesquisas envolvendo seres
humanos foram seguidas, em atendimento a Declaragdo de Helsin-
que e seus adendos. A presente pesquisa foi aprovada pelo Comité
de Etica em Pesquisa da UNIFESP, sob parecer n.° 103.217/2012.

Procedimentos

A presente pesquisa é do tipo quantitativa-qualitativa, uma
vez que quantifica as respostas agudas das variaveis psicobiol6-
gicas, através de instrumentos e procedimentos validados para
tal finalidade, e explora a opinido aberta dos voluntarios sobre as
intervencoes.

Para avaliacdo do estado de ANS, foi utilizado o inventario de
ANS estado (IDATE-E)®?, instrumento destinado a avaliar o nivel
de ANS no momento. Trata-se de um autorrelato relativo a 20 itens,
nos quais os individuos identificam o nivel por meio de uma escala
Likert de 1-4, respondendo a pergunta: «Como vocé se sente nesse
momento?». O escore total varia de 20-80, associando-se niveis
maiores de ANS aos valores mais elevados. Para quantifica¢do e
interpretacdo das respostas, somam-se os valores atribuidos pelos
individuos na escala em todos os itens. Para as perguntas de carater
positivo, inverte-se a pontuagdo antes da soma final. O instrumento
foi aplicado nos momentos pré e pés-intervencgao.

Para avaliar o HUM, foi utilizada a escala de Brunel (BRUMS)!0.11,
questionario composto por 24 itens que apresentam uma escala
Likert para identificacdo dos niveis percebidos pelo individuo no
momento de sua aplica¢do. Os valores variam de 0-4 e sdo identi-
ficados respondendo a pergunta: «Como vocé se sente agora?». Os
24 itens sdo divididos em seis fatores: tensao (TENS), depressdo
(DEP), raiva (RAIV), vigor (VIG), fadiga (FAD) e confusdo mental
(CONF). O instrumento foi aplicado nos momentos pré e pés-
-intervencao.

A analise qualitativa visou identificar a opinido dos voluntarios
quanto as dois intervengdes. Foi aplicado um questiondrio elabo-
rado pelos autores, no qual o voluntario mencionou livremente
pontos positivos e negativos de cada intervenc¢do. O instrumento
foi apresentado p6s-intervencao.

Os voluntarios compareceram ao local de treinamento por trés
oportunidades, agendadas em dias distintos, respeitando intervalo
minimo de 72 horas e maximo de dez dias entre as sessGes. O inter-
valo visou minimizar os efeitos da dor muscular tardia. A fim de
evitar variagdes no ciclo circadiano, todos os treinos foram realiza-
dos no periodo da manha. Na primeira sessdo, os voluntarios leram
e assinaram termo de consentimento livre e esclarecido, foram sub-
metidos a avalia¢do do IMC e familiarizados com os procedimentos
de avaliacdo e treinamento, bem como com a escala de percep¢do
subjetiva de esforco (PSE) OMNI-RES'2. Durante a sesso, os volun-
tarios receberam orienta¢cdes para manterem suas rotinas normais
de alimentacdo e descanso durante todo o periodo de envolvi-
mento com a pesquisa, evitando o consumo de bebidas alcodlicas
e substancias estimulantes. Na segunda sessdo, os mesmos foram
submetidos ao TRM e, na terceira, ao TRPL.

As sessdes de treino foram compostas por sete exercicios envol-
vendo grandes grupos musculares (elevagdo frontal, flexdo de
joelhos, crucifixo, flexdo de quadril, pullover, flexdao abdominal,
stiff), nos quais foram executadas trés séries de dez repeti¢des com
um minuto de intervalo entre séries. Os voluntarios foram orienta-
dos a manter velocidade de execu¢do préxima a dois segundos por
repeticdo (um segundo para fase concéntrica, um segundo para fase
excéntrica). Foi realizado aquecimento prévio, no qual executou-se
uma série de 10 repeti¢des de cada exercicio sem carga adicional.
A intensidade foi controlada pela PSE, utilizando-se zona entre 5-7

na escala de 0-10 (relativamente dificil). Durante os treinos, a PSE
permanecia visivel ao voluntario, sendo que o mesmo relatava o
esforco percebido ao final de cada série. A primeira série de cada
exercicio foi utilizada para ajuste de cargas, assim, caso a PSE rela-
tada ap6s a primeira série estivesse fora da zona alvo, a resisténcia
era ajustada para as séries seguintes.

Para o TRPL, halteres e caneleiras foram utilizados. No TRM, a
resisténcia manual foi aplicada por profissional de educagio fisica
capacitado. A posicdo corporal para realiza¢cdo dos exercicios (com
excecdo do stiff) foi deitada (decubito dorsal ou ventral), para faci-
litar a aplicagdo da resisténcia manual (vantagem mecanica)’. Em
ambas as interven¢des, posicdo corporal e controle das demais
variaveis (séries, repeticdes, intervalos, velocidade, PSE) foram
idénticos.

Andlise estatistica

A andlise descritiva esta expressa em média (M) e desvio-
-padrdo (DP). Para andlise inferencial entre grupos, intervengoes e
avalia¢des, foi empregada ANOVA two-way com post-hoc de Bonfer-
roni. Adotou-se nivel de significincia de 5% (p < 0.05). Para o HUM
(TENS, DEP, RAIV, VIG, FAD e CONF), foi utilizado o calculo do tama-
nho do efeito (ES) para quantificar a magnitude das respostas. Para
classificacdo do ES, utilizaram-se pontos de corte propostos por
Cohen'3: valores superiores ou iguais a 0.8 representam ES grande,
entre 0.8-0.2 sdo considerados médios e inferiores a 0.2 pequenos.
A andlise do questionario qualitativo considerou a frequéncia com
que cada ponto positivo e negativo foi mencionado pelos volunta-
rios.

Resultados

Foi observada maior ANS no TRM, independente do grupo e
avaliacdo. Porém, o ES para ANS mostrou maior magnitude de
diminuicdo no TRM em relagcdo ao TRPL, em ambos os grupos.

Para as variaveis relacionadas ao HUM (TENS, DEP, RAIV, VIG,
FAD e CONF), ndo foi realizada andlise inferencial devido a pequena
varia¢do nos resultados e a presenca de valores igual a 0 nas res-
postas. Assim, o ES foi considerado. Os resultados sdo apresentados
na tabela 1.

O TRM proporcionou maior magnitude no ES, no geral, dimi-
nuindo variaveis negativas em NT (RAIV, CONF) e HT (TENS, DEPR),
aumentando mais o VIG em HT e a FAD em ambos os grupos.

Os resultados da avaliacdo qualitativa sdao apresentados na
tabela 2.

Na avaliacdo qualitativa, na 6tica dos voluntarios, o TRM apre-
sentou mais pontos positivos e menos pontos negativos em rela¢cao
ao TRPL.

Discussao

O estudo comparou respostas psicobiolégicas agudas entre TRM
e TRPL em individuos NT e HT. A hipdtese inicial era que o
TRM pudesse proporcionar melhores respostas sobre as variaveis
analisadas, considerando o maior nivel de IS, devido ao contato
fisico. Tal hipétese foi confirmada.

Ambas as intervengdes ndo alteraram significativamente a ANS
p6s-treino. Estudos prévios'# 1> encontraram resultados semelhan-
tes, ndo observando diminui¢do significativa no estado de ANS
imediatamente ap6s TR. No entanto, recente estudo de revisdo da
literatura concluiu que o TR é efetivo em reduzir os niveis agudos e
cronicos de ANS>. Porém, as respostas dependem do nivel de ANS
que o individuo apresenta antes do exercicio®!° e, no presente,
os voluntdrios apresentaram médias baixas de ANS na avaliacdo
pré, o que explica a ndo alteragdo significativa no pés-intervencao.
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Tabela 1

Resultados das varidveis ansiedade, tensdo, depressdo, raiva, vigor, fadiga e confusdo mental, segundo grupo e interven¢do

Variavel Grupo Intervengao Pré Pos ES
M DP M DP Valor Classificagcdo
Ansiedade NT TRM 31.00° 4.95 29.36° 5.60 -0.33 Médio
TRPL 29.14 6.65 29.00 6.37 —0.02 Pequeno
HT TRM 33.330 5.30 31.50° 7.03 —-0.35 Médio
TRPL 29.25 5.56 28.83 5.59 —0.08 Pequeno
Tensdo NT TRM 1.50 1.16 0.71 0.99 —-0.68 Médio
TRPL 1.50 1.40 0.71 0.99 -0.56 Médio
HT TRM 242 3.20 1.17 1.53 -0.39 Médio
TRPL 1.08 1.38 1.08 1.62 0.00 Pequeno
Depressdo NT TRM 0.21 0.43 0.07 0.27 -0.33 Médio
TRPL 0.36 0.84 0.07 0.27 —-0.35 Médio
HT TRM 0.92 231 0.08 0.29 —0.36 Médio
TRPL 0.92 1.38 0.75 1.54 -0.12 Pequeno
Raiva NT TRM 0.21 0.80 0.00 0.00 -0.26 Médio
TRPL 0.29 1.07 0.21 0.80 -0.07 Pequeno
HT TRM 0.33 0.89 0.00 0.00 -0.37 Médio
TRPL 0.08 0.29 0.00 0.00 -0.28 Médio
Vigor NT TRM 10.71 1.82 9.50 2.65 —0.66 Médio
TRPL 10.36 2.34 9.50 2.95 -0.37 Médio
HT TRM 9.17 1.95 10.00 1.60 0.42 Médio
TRPL 10.33 2.81 10.17 2.55 —0.05 Pequeno
Fadiga NT TRM 1.86 1.46 443 3.20 1.76 Grande
TRPL 2.57 2.06 3.93 2.56 0.66 Médio
HT TRM 2.75 2.56 3.83 2.17 0.42 Médio
TRPL 2.67 223 2.75 222 0.03 Pequeno
Confusdo mental NT TRM 0.86 1.51 0.43 1.16 -0.28 Médio
TRPL 0.50 0.85 0.64 1.01 -0.16 Pequeno
HT TRM 1.08 2.27 0.17 0.58 -0.40 Médio
TRPL 0.50 1.45 0.17 0.58 -0.23 Médio

ES: tamanho do efeito; HT: hipertensos; NT: normotensos; TRM: treinamento resistido manual; TRPL: treinamento resistido com pesos.

2 maior em relagdo @ mesma avaliagdo em NT-TRPL (p=0.003);

b maior em relacdo a mesma avaliagdo em HT-TRPL (p =0.003); M: média; DP: desvio-padrio.

Apesar de ndo terem sido observadas diferencas significativas na
ANS entre pré e pés-intervencdes, o TRM apresentou maior magni-
tude no ES em relagdo ao TRPL (médio vs. pequeno).

Quanto aos fatores negativos relacionados ao HUM, o TRM pos-
sibilitou maior ES para diminuicdo da TENS e DEPR no grupo HT,

Tabela 2

além de RAIV e CONF no grupo NT. O ES também foi maior em
favor do TRM para aumento do VIG nos sujeitos HT. Um fato inte-
ressante foi que FAD apresentou maior efeito no TRM em ambos
os grupos, porém o aumento da FAD ndo comprometeu negati-
vamente a resposta nos demais fatores relacionados ao HUM. O

Frequéncia de pontos positivos e negativos do treinamento resistido manual e com pesos livres mencionados pelos voluntarios

Pontos Caracteristica principal Frequéncia treinamento resistido
Manual Pesos livres
NT HT Total NT HT Total

Positivos Seguran¢a 4 5 9 - = =
Interacdo social 2 6 8 - - -
Praticidade 4 4 8 - -
Controle de carga 4 2 6 5 2 7
Nao depende de equipamento 5 1 6 - - -
Conforto 1 5 6 - 1 1
Eficiéncia 3 2 5 1 1 2
Prazeroso/agradavel 3 1 4 2 1 3
Motivante 1 1 2 - - -
Baixo custo 2 - 2 - - -
Variagdo 1 - 1 1 3
Privacidade 1 - 1
Independéncia - - - 3 4 7
Confianga - - - 2 - 2

Negativos Dependéncia de parceiro 4 2 6 - - -
Controle de carga 3 3 6 1 - 1
Desconforto 1 1 2 4 4 8
Pouca variagcdo 1 - 1 - - -
Menor eficiéncia - 1 1 2 2 4
Inseguranga - - - 3 1 4
Dependéncia de equipamentos - - - 3 1 4
Sem interagdo social - - - 1 1 2
Sistematico - - - - 2 2
Alto custo - - - 1 - 1

HT: hipertensos; NT: normotensos.
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que pode explicar esses resultados no TRM é o maior nivel de IS,
principalmente devido ao contato fisico. A IS é uma das prova-
veis hipéteses que explica os beneficios do exercicio fisico sobre
os aspectos psicobiolégicos® e, no presente, ambos os grupos des-
tacaram a IS como ponto positivo do TRM.

Beneficios sobre ANS e HUM, mesmo que pequenos, sdo clini-
camente importantes, em especial nos individuos HT, pois existe
associagdo entre ANS, HUM e doengas cardiovasculares'” 18, Niveis
elevados de ANS e distirbios de HUM aumentam a atividade do
sistema nervoso auténomo, elevando o tdonus simpatico, favore-
cendo crises hipertensivas transitérias que, com o passar do tempo,
podem desencadear crises permanentes!”:19,

Na analise qualitativa, a amostra identificou mais pontos posi-
tivos e menos pontos negativos no TRM em relacio ao TRPL.
Cabe ressaltar que, por serem individuos previamente destreina-
dos, a ndo familiarizacdo com o TRPL pode ter influenciado nessas
respostas. Corroborando a literatura prévia®, alguns individuos des-
tacaram a ndo dependéncia de equipamento e a praticidade como
pontos favoraveis ao TRM. Além desses pontos, IS, seguranca e
conforto foram também destacados. Conforme supramencionado,
essas caracteristicas, em especial a IS, provavelmente sejam as
responsaveis pela maior magnitude no ES em algumas variaveis
psicobiolégicas analisadas ap6s o TRM.

Quanto aos pontos negativos do TRM, a dependéncia de um
parceiro de treino foi o mais destacado, limitando a indepen-
déncia para realizacdo dos exercicios, conforme citado por Dorgo
et al.5 e Teixeira’. No TRPL, a possibilidade de treinar sozinho
foi destacada como caracteristica favoravel, apesar da dependén-
cia de equipamentos ter sido um ponto negativo mencionado.
Além disso, desconforto, inseguranca (risco de acidentes) e menor
IS foram pontos negativos do TRPL mencionados por parte da amos-
tra. Considerando que desconforto, inseguranca e menor IS sdo
caracteristicas que podem influenciar negativamente as respostas
psicobiolégicas ao exercicio, o TRM pode ser considerado uma fer-
ramenta alternativa para proporcionar respostas interessantes em
pessoas que apresentam resisténcia ao TR em seu formato conven-
cional, facilitando o engajamento e a adesdo em longo prazo.

A ndo randomizac¢do das interveng¢des pode ser considerada
uma limita¢cdo do estudo. Porém, a realizacdo da sessdo prévia
de familiarizacdo com os procedimentos e formas de treina-
mento visou minimizar as possiveis interferéncias da ordem das
intervencoes.

Em conclusdo, ndo foram observadas diferencas significativas
nas respostas psicobiolégicas agudas entre TRM e TRPL em NT e
HT previamente destreinados. No entanto, o ES apresentou maior
magnitude para diminui¢do no TRM em relacdo ao TRPL, provavel-
mente por influéncia da maior IS entre os participantes e de alguns
pontos positivos mencionados pela amostra. Em algumas variaveis,
as respostas foram mais evidenciadas no grupo HT. Portanto, o nivel
de IS parece influenciar positivamente as respostas psicobioldgicas
agudas do TR, e o TRM parece ser uma alternativa viavel para esse
objetivo.

Responsabilidades éticas

Protecdo de pessoas e animais. Os autores declaram que os pro-
cedimentos seguidos estavam de acordo com os regulamentos

estabelecidos pelos responsaveis da Comissdo de Investigacao Cli-
nica e ética e de acordo com os da Associagdo Médica Mundial e da
Declaragdo de Helsinki.

Confidencialidade dos dados. Os autores declaram que ndo apa-
recem dados de pacientes neste artigo.

Direito a privacidade e consentimento escrito. Os autores decla-
ram que ndo aparecem dados de pacientes neste artigo.

Conflito de interesses
Os autores declaram nao haver conflito de interesses.
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RESUMO

Objetivos: O objetivo do presente estudo foi analisar e relacionar a forca muscular do back squat e front
squat com o desempenho nos movimentos de levantamento olimpico snatch e clean em praticantes de
CrossFit®.
Método: Participaram deste estudo 22 adultos, que foram divididos de acordo com o desempenho nos
movimentos de snatch e clean: fortes (29.6 +4.4 anos; 80.95+9.57 kg; 12.2 +5.8% de gordura; 2.4+ 0.9
experiéncia de treinamento) e fracos (28.545.4 anos; 79.4 +6.8kg; 13.6 £3.5% de gordura; 2.0+ 1.1
experiéncia de treinamento). Todos os voluntarios realizaram em dias separados os testes de uma
repeticdo maxima nos exercicios: back squat, front squat, snatch e clean.
Resultados: Os voluntarios classificados com o melhor desempenho no snatch e clean apresentaram maior
forca no back squat (154.9 +£20.3 kg vs. 132.7 +11.6kg; p=0.009) e no front squat (139.0 +14.5kg vs.
116.8 +11.3 kg; p=0.002), quando comparados aos voluntarios mais fracos. Além disso, foram observadas
correlagdes fortes entre a forca relativa do back squat (r=0.83; r=0.76; p=0.001) e do front squat (r=0.73;
r=0.83; p=0.001) com a performance nos exercicios snatch e clean, respectivamente.
Conclusdes: Portanto, uma for¢a superior em exercicios basicos, como o back squat e o front squat, podem
contribuir para o desempenho do levantamento olimpico em praticantes de CrossFit®.
© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Publicado por Elsevier Espafia,
S.L.U. Este é um artigo Open Access sob uma licenca CC BY-NC-ND (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Relacién de la fuerza muscular con el rendimiento en levantamiento de peso
olimpico en praticantes de CrossFit®

RESUMEN

Objetivo: El propésito del presente estudio fue analizar y relacionar la fuerza muscular de la sentadilla
por delante y por detras con el rendimiento en los movimientos de halterofilia de arranque y de cargada
en practicantes de CrossFit®.

Meétodo: Participaron en este estudio 22 adultos que fueron divididos de acuerdo con el rendimiento en
los movimientos de arranque y cargada: fuertes (29.6 +4.4 afios; 80.95+9.57kg; 12.2 +5.8% de grasa
corporal; 2.4 +£0.9 experiencia de entrenamiento) y débiles (28.5 +5.4 afios; 79.4 +£6.8kg; 13.6+3.5%
de grasa corporal; 2.0+ 1.1 experiencia de entrenamiento). Todos los voluntarios realizaron, en dias
diferentes, los test de una repeticién maxima en los ejercicios: sentadilla por detras, sentadilla por delante,
arranque y cargada.
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Resultados: Los voluntarios clasificados con el mejor rendimiento en el arranque y en la cargada pre-
sentaron mayor fuerza en la sentadilla por detras (154.9 4+ 20.3 kg vs. 132.7 +11.6kg; p=0.009) y en la
sentadilla por delante (139.0 + 14.5 kg vs. 116.8 +11.3 kg; p=0.002) cuando fueron comparados con los
voluntarios mas débiles. Ademas, se observaron correlaciones fuertes entre la fuerza relativa de la sen-
tadilla por detras (r=0.83; r=0.76; p=0.001) y la sentadilla por delante (r=0.73; r=0.83; p=0.001) con
el rendimiento en los ejercicios de arranque y cargada, respectivamente.
Conclusion: Por tanto, una mayor fuerza en ejercicios basicos, como la sentadilla por detras y por delante,
pueden contribuir para el rendimiento de los ejercicios olimpicos en practicantes de CrossFit®.
© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Publicado por Elsevier Espafia, S.L.U.
Este es un articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

Correlation of muscle strength with weightlifting performance in CrossFit®
practitioners

ABSTRACT

Objectives: The aim of the present study was to analyze and correlate muscle strength of the back and front
squat with performance in the movements of weightlifting snatch and the clean in CrossFit® practitioners.
Method: Twenty-two adults participated in this study and were divided according to their performance
in the snatch and clean movements: stronger (29.6 +4.4 years; 80.95+9.57kg; 12.2 +5.8% body fat;
2.4+ 0.9 training experience) and weaker (28.5 5.4 years; 79.4 £ 6.8 kg; 13.6 +3.5% body fat; 2.0+ 1.1
training experience). All volunteers completed one-repetition maximum tests, in separate days, in the
following exercises: back squat, front squat, snatch and the first phase of the clean.
Results: The volunteers classified with a superior performance in the snatch and clean presented a higher
strength in the back squat (154.9 +20.3 kg vs 132.7 +11.6 kg; p=0.009) and front squat (139.0 + 14.5 kg
vs 116.8 +11.3kg; p=0.002) as compared with the weaker volunteers. Additionally, there were strong
correlations between relative strength in the back squat (r=0.83; r=0.76; p=0.001) and front squat
(r=0.73; r=0.83; p=0.001) with the performance in the snatch and clean exercises, respectively.
Conclusions: Therefore, a superior strength in basic exercises, such as back and front squat can contribute
to weightlifting performance in CrossFit® practitioners.

© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Published by Elsevier Espafia, S.L.U.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introducao

O CrossFit® é um método de treinamento novo caracterizado
pela realizagcdo de exercicios funcionais e esportivos, constante-
mente variados que podem ser executados em alta intensidade. Este
tipo de treinamento utiliza exercicios do levantamento olimpico
(LPO) como snatch e clean, exercicios basicos como os agachamen-
tos, levantamento terra e supino, exercicios aerébios como remos,
corrida e bicicleta, e movimentos ginasticos como paradas de mio,
paralelas, argolas e barras'.

Os exercicios de LPO (snatch e clean e suas variagdes) sio comu-
mente incorporados em uma programagdo para o treinamento de
poténcia muscular de atletas de diversos tipos de esportes?>. Uma
caracteristica dos movimentos de LPO e suas variacdes é reque-
rer uma aceleracdo do praticante/atleta ao longo de toda a fase
de propulsio. E diferente dos exercicios balisticos que possuem a
mesma similaridade, é de que os movimentos de LPO sdo capa-
zes de gerar grande poténcia em cargas elevadas (70-80% de uma
repeticio maxima [1RM])*. Além disso, os movimentos de LPO se
tornaram populares na preparagdo desportiva, devido ao fato de
sua similaridade entre a tripla extensdo (joelho, tornozelo e qua-
dril) durante os movimentos de levantamento com os movimentos
atléticos de outros esportes®. Interessantemente, estudos anterio-
res encontraram fortes correla¢des entre os movimentos de LPO e o
sprinting®, salto vertical®’ e a habilidade em mudanca de dire¢do®.
Portanto, o uso do LPO no treinamento é de fundamental impor-
tancia para atletas que necessitam produzir poténcia contra cargas
leves e/ou elevadas.

Um aspecto importante relacionado ao LPO é a relagdo exis-
tente entre a forca muscular maxima e a poténcia®®?. Estudos

transversais em atletas de elite ou amadores tém demonstrado que,
quanto mais fortes sdo os movimentos no agachamento (back e front
squat), maiores sdo os niveis de produgdo de poténcia quando com-
parados aos individuos mais fracos®. Além disso, a forca muscular
tem sido associada com o desempenho no salto vertical, na per-
formance em corridas de curta duracdo'? e com performance no
workout of the day (WOD) do CrossFit®!1,

No entanto, para nosso conhecimento, até o presente momento
nenhum estudo avaliou a relagdo da forca maxima nos exercicios de
front squat e posterior com os movimentos de LPO em praticantes
de CrossFit®.

Portanto, o objetivo do presente estudo foi analisar e relacionar
a forca muscular de back squat, front squat, snatch e clean em pra-
ticantes de CrossFit®. A hip6tese inicial do presente estudo foi de
que haveria uma correlagdo entre a forca de agachamento com os
movimentos do LPO; além disso, os praticantes de CrossFit® que
apresentassem melhor performance no LPO seriam aqueles com
maior forca muscular nos exercicios de front squat e back squat.

Método
Amostra

Participaram do presente estudo 22 adultos aparentemente sau-
daveis do sexo masculino, no qual foram divididos, de acordo
com o desempenho nos movimentos de snatch e clean, em
fortes (29.6+4.4 anos; 2.4+0.9 anos de experiéncia) e fracos
(28.5+5.4; 2.0+ 1.1 anos de experiéncia) (tabela 1). Como crité-
rios de inclusdo os participantes ndo deveriam possuir quaisquer
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Tabela 1

Caracteristicas da amostra apresentados pela média, desvio padrdo, valores minimos e maximos
Alta forca
(n=11)

Idade (anos)

Massa corporal (kg)

Estatura (m)

Indice de massa corporal (mc/kg?)
Gordura (kg)

Massa magra (kg)

Experiéncia (anos)

29.64 + 4.36 (24-38)

80.95 + 9.57 (69.0-99.5)
1.75 + 0.07 (1.67-1.90)

10.33 £ 6.12 (4.14-25.18)

241 + 0.93 (1.5-4.0)

(
(
(
26.22 £ 2.05 (24.25-31.10)
(
70.69 + 6.25 (60.78-80.04)
(

Baixa forca D
(n=11)
28.55 + 5.41(19.0-37.0) 0.61
79.36 + 6.77 (66.0-88.0) 0.83
1.76 + 0.06 (1.65-1.85) 0.68
25.53 + 1.27 (23.05-27.68) 0.78
10.77 + 2.76 (7.90-17.51) 0.27
68.58 + 7.21 (55.43-76.60) 0.69
2.02 + 1.14 (0.8-5.0) 0.22

lesdes osteomioarticulares ou algum tipo de doenc¢a que poderia
comprometer a saide durante o estudo; responder negativamente
ao questiondrio PAR-Q; entregar até a data estipulada o termo
de consentimento livre e esclarecido, e ter um tempo minimo de
pratica no CrossFit® de seis meses. O projeto foi encaminhado e
aprovado pelo Comité de Etica em Pesquisa da institui¢do sob o
Protocolo n.° 030/09, parecer n.° 035/09.

Procedimentos

Os sujeitos foram analisados de acordo com o desempenho nos
exercicios de LPO (snatch e clean) e classificados em fortes (n=11)
e fracos (n=11), para efeito da comparacdo dos exercicios de aga-
chamento (front e back).

A composi¢do corporal foi avaliada através da utilizacdo de
compasso de dobra cutanea (Lange®); o protocolo utilizado foi o
descrito previamente por Pollock e Jackson'!? para homens (18-61
anos). A massa corporal foi mensurada em uma balanga de leitura
digital, da marca Welmy (W110H, S3o Paulo, Brasil), com capaci-
dade de 150 kg e divisdo de 100 g.

Todos os testes de 1RM no back squat, front squat, snatch e clean
foram realizados de acordo com os protocolos estabelecidos pelo
National Strength Conditioning Association'3, com intervalos de, no
minimo, 48 h entre as sessdes para minimizar os efeitos da fadiga e
dor muscular. Todos os testes foram realizados com barra (20kg) e
pesos (1-25kg) (Pood Fitness®) de forma randomizada. Logo ap6s
um aquecimento de baixa intensidade de cinco minutos na bici-
cleta ergométrica ou remo indoor, foram seguidas as seguintes
recomendacgdes: 1) aquecimento de 5-10 repeti¢ées com intensi-
dade de leve a moderado; 2) descanso de um minuto, e incremento
do peso tentando alcangar as 1RM em 3-5 tentativas, usando cinco
minutos de intervalo entre uma tentativa e outra; 3) o valor regis-
trado foi o de uma repeti¢do, com o peso maximo levantado na
dltima tentativa bem-sucedida.

Resumidamente, a fim de minimizar os erros, foram adotadas as
seguintes estratégias: a) instru¢des padronizadas foram fornecidas
antes do teste, de modo a que o avaliado estivesse ciente de toda a
rotina que envolvia a coleta de dados; b) o avaliado foi instruido
sobre a técnica de execucdo do exercicio; c¢) o avaliador estava
atento quanto a posi¢do adotada pelo praticante no momento do
teste; d) estimulos verbais foram realizados a fim de manter alto o
nivel de estimulacdo.

Andlise de dados

Considerando o tamanho amostral, para a comparagdo entre
os grupos o teste de ndo paramétrico de Mann-Witney e para
a correlagdo o teste de Spearman foram aplicados. Para a
apresentacdo dos dados o grafico de dispersao foi utilizado. Com
base nos valores da for¢a do arranco e arremesso, a amostra foi divi-
dida em: grupo forte e grupo fraco, para efeito da comparac¢do da
forca muscular no back squat e frontal, por meio do teste Mann-
-Witney. Para todas as andlises estatisticas o software Statistical
Package for Social Sciences (SPSS, Inc., v. 18.0; IBM Corporation,
Somers, NY, EUA) foi utilizado. Um nivel alfa < 0.05 foi considerado
como estatisticamente significativo.

Resultados

Natabela 1, as caracteristicas dos participantes sdo apresentadas
e para todas as variaveis nenhuma diferenca entre os grupos foi
identificada (p > 0.05).

Para as variaveis da for¢a absoluta e relativa, diferencas signi-
ficativas entre os grupos foram identificadas. O grupo alta forca
apresentou valores significativamente maiores, tanto na carga
absoluta e relativa, para os exercicios arranco (p <0.05), arremesso
(p<0.05), back squat (p<0.05) e front squat (p<0.05) (tabela 2 e
figura 1).

Considerando que o coeficiente de correlacdo é uma medida
do tamanho de um efeito comumente utilizado'#: valores de + 0.1
representam um efeito pequeno, + 0.3 representa um efeito médio
e+0.5, um efeito grande. Os valores de correlagio entre todos
os exercicios foram grandes e significativos (r>0.50; p<0.05)
(tabela 3).

Discussao

Os objetivos do presente estudo foram analisar e relacionar a
forca muscular do back squat, front squat, snatch e clean em pra-
ticantes de CrossFit®. Confirmando a hipétese inicial do presente
estudo, os resultados encontrados demonstraram que os individuos
que apresentam melhor performance nos exercicios de LPO (snatch
e clean) sdo aqueles que possuem maior forca muscular no back
squat e no front squat. Além disso, houve uma correlagao forte entre
os exercicios de agachamento e os exercicios de LPO em praticantes
de CrossFit®.

Tabela 2
Caracteristicas da forca absoluta e relativa da amostra apresentadas pela média, desvio padrao, valores minimos e maximos
Alta forca
Back squat (kg) 154.91 + 20.36 (129.54-193.18)
Front squat (kg) 139.04 + 14.58 (120.45-165.90)
Clean (kg) 118.14 + 11.12 (102.27-138.63)
Snatch (kg) 92.27 + 7.78 (84.09-109.09)
Clean (kg/mc) 1.48 + 0.23 (1.07-1.77)
Snatch (kg/mc) 1.15 + 0.14 (0.89-1.35)

Baixa forca p
132.72 + 11.65 (100.00-143.18) 0.009
116.81 + 11.36 (90.90-129.54) 0.002
101.03 + 8.81(81.81-115.90) 0.001
76.28 + 7.44 (61.36-88.63) 0.001
1.27 £ 0.10(1.12-1.48) 0.020
0.96 + 0.07 (0.82-1.06) 0.001

kg/mc: forca relativa; mc: massa corporal.
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3 p =0.024

Back squat (kg/mc)

Alta forca Baixa forca

Front squat (kg/mc)

87

25 p=0.010
2,0
15
1,0

0,5

0,0

Alta forca Baixa forca

Figura 1. Comparacdo das cargas relativas do back squat e front squat, entre os grupos apresentados pela média e desvio padrdo. DP: desvio padrao; kg/mc: for¢a relativa.

Os exercicios de LPO (snatch e clean e suas varia¢des) sdo
comumente incorporados em uma programacdo para o treina-
mento de poténcia muscular de atletas de diversos tipos de
esportes?. Os movimentos de LPO se tornaram populares na
preparacdo desportiva, devido ao fato de sua similaridade entre
a tripla extensdo (joelho, tornozelo e quadril) durante os movi-
mentos de levantamento com os movimentos atléticos de outros
esportes®. Interessantemente, estudos anteriores encontraram for-
tes correlagdes entre os movimentos de LPO e o sprinting®, salto
vertical®’ e a habilidade em mudanca de dire¢do®. Ndo obstante,
Seitz et al.'> demonstraram em atletas de rugby que a utiliza¢do do
clean e do back squat (uma série de trés repeticdes com 90% de 1RM)
propiciaram melhoras na performance de 20 metros de sprint,
quando comparado a situa¢do controle. No entanto, o clean obteve
maior magnitude de efeito quando comparado ao agachamento.

Um aspecto importante relacionado ao LPO é arelacdo existente
entre a forca muscular méaxima e a poténcia. Stone et al.® analisa-
ram a relagdo da forca do back squat com o desempenho no snatch e
clean em atletas de elite de LPO dos EUA. Similar ao presente estudo,
os autores reportaram forte correlacdo entre o back squat com o
desempenho no snatch (r=0.80) e no clean (r=0.85). No entanto,
no presente estudo nds utilizamos tanto o back squat, bem como o
front squat e apresentaram diferencas na correlagdo com os exerci-
cios de LPO, sendo o back squat mais relacionado com o desempenho
no snatch (r=0.83) e o front squat com o clean (r=0.83). Nao obs-
tante, Ugrinowitsch et al.® demonstraram que a for¢ca de 1RM no
leg press em atletas de corrida de curta duragdo e de fisiculturis-
tas recreacionais foi correlacionada com a altura do salto vertical
(r=0.93 e r=0.89), respectivamente.

Em um elegante estudo, Cormie et al.’® determinaram como a
magnitude das melhoras na performance estaria relacionada de

Tabela 3
Correlagdo entre as cargas relativas dos exercicios

acordo com o nivel de forca muscular dos voluntarios, apés um
periodo de treino balistico (trés vezes por semana durante dez
semanas/agachamentos com salto com carga de 0-30%). Interes-
santemente, ap6s as dez semanas de intervenc¢ao, ambos 0s grupos
demonstraram melhoras significativas no salto vertical (fortes:
poténcia pico =~ 10 w.kg; altura do salto=~ 0.07 m; fracos: potén-
cia pico=~9w.kg; altura do salto=~0.06 m); no entanto, quando
analisado o tamanho do efeito, o grupo forte apresentou melho-
ras mais expressivas. Além disso, ndo foram observadas diferencas
nos mecanismos (relacdo forca-velocidade, ativagdo neural e
mecanismos de salto) entre os grupos ap6s as dez semanas de
intervengdo.

Nesse aspecto, no CrossFit® os exercicios de LPO sdo utiliza-
dos como parte da programacdo, tanto em situagdes de treino
especifico, bem como durante o condicionamento metabélico’.
De acordo com os resultados encontrados no presente estudo, os
individuos mais fracos nos exercicios de LPO eram aqueles que
possuiam menor for¢a nos agachamentos. De forma andloga ao
encontrado no presente estudo, Butcher et al.!! demonstraram
que a performance no WOD do CrossFit®, «Grace» (30 repeti¢oes
de arremesso, no menor tempo possivel) e «Fran» (21,15 e nove
repeticdes de thrusters e barra-fixa), foi predita apenas pela forca
muscular total (back squat, desenvolvimento e levantamento terra)
(r=-0.88 e r=-0.65, respectivamente) em atletas amadores de
CrossFit® (~ quatro anos de experiéncia). Portanto, parece plausivel
que os treinadores determinem o grau de for¢a dos alunos/atletas
para priorizarem sessdes de treino de for¢ca de agachamento nos
alunos com baixa for¢ca muscular.

Nio obstante, é importante destacar que apesar de terem sido
encontradas correlagdes fortes entre os exercicios de agachamento
(front e back) com os movimentos de LPO (snatch e clean) em

Snatch Clean (kg/mc) Back squat (kg/mc) Front squat (kg/mc)
(kg/mc)
Snatch (kg/mc)
r - 0.750 0.830 0.730
p - 0.001 0.001 0.001
Clean (kg/mc)
r 0.750 - 0.760 0.830
p 0.001 - 0.001 0.001
Back squat (kg/mc)
r 0.830 0.760 - 0.770
p 0.001 0.001 - 0.001
Front squat (kg/mc)
r 0.730 0.830 0.770 -
p 0.001 0.001 0.001 -

AGMT: agachamento; kg/mc: for¢a relativa; mc: massa corporal; r: coeficiente de correlagdo; p: nivel de significancia.
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atletas amadores de CrossFit® (~dois anos de treinamento). Em
atletas com anos de experiéncia, os graus da influéncia na forgca
dos exercicios basicos diminuem; por exemplo, um atleta com
anos de experiéncia pode ndo apresentar ganhos nos exercicios
de LPO através apenas do aumento na forca dos exercicios de
agachamento?.

E oportuno destacar algumas possiveis limitacdes metodol6-
gicas do presente estudo: o delineamento transversal, que ndo
permite interpretacdo de causa e efeito, a aplicagcdo dos resultados
para outros exercicios, especialmente para aqueles de membros
superiores (ex. supino), a extrapolacdo para outras populagdes,
como, por exemplo, mulheres, idosos, individuos destreinados
e atletas profissionais. Além disso, tem sido sugerido que um
6timo volume de treino (moderado), com alta intensidade (>90-
100% de 1RM), pode propiciar melhorias no desempenho da for¢a
maxima. Por outro lado, se o planejamento do volume e inten-
sidade do treinamento ndo for adequado, os ganhos de forca
podem ser comprometidos; no presente estudo ndo foram avali-
ados os diferentes volumes de treino em diferentes intensidades
(baixa, moderada ou alta), o que pode interferir nos resultados do
estudo!”.

Em conclusao, o presente estudo demonstrou que os individuos
praticantes de CrossFit® que apresentam maior for¢a muscular, no
back squat e no front squat, possuem melhor desempenho nos exer-
cicios de LPO (arranco e primeira fase do arremesso). Além disso,
existem correlacdes fortes entre o desempenho nos exercicios de
LPO e a for¢a dos agachamentos, evidenciando a importancia desses
exercicios para o desempenho de praticantes de CrossFit®.

Responsabilidades éticas

Protecdo de pessoas e animais. Os autores declaram que os pro-
cedimentos seguidos estavam de acordo com os regulamentos
estabelecidos pelos responsaveis da Comissdo de Investigacdo Cli-
nica e ética e de acordo com os da Associagdo Médica Mundial e da
Declaragdo de Helsinki.

Confidencialidade dos dados. Os autores declaram que nio apa-
recem dados de pacientes neste artigo.

Direito a privacidade e consentimento escrito. Os autores decla-
ram que ndo aparecem dados de pacientes neste artigo.

Conflito de interesses

Os autores declaram ndo haver conflito de interesses.
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RESUMO

Objetivos: Nosso objetivo foi identificar os efeitos de um alongamento unilateral no desempenho da for¢a
de contragdo voluntdria maxima ipsilateral e contralateral em fung¢do do género.
Meétodo: A amostra foi composta de 80 estudantes universitarios assintomadticos (44 mulheres, 36
homens), independentemente do nivel de atividade fisica (21.3 £ 3.7 anos, 166.7 + 8.8 cm, 64.6 + 16.0 kg).
A contragdo voluntdria maxima foi medida em ambos os membros em repouso, e depois de trés séries
de 20's de alongamento passivo unilateral no membro dominante (20 min de intervalo). Os dados foram
analisados estatisticamente pela ANOVA de dois entradas com medidas repetidas.
Resultados: Os resultados apresentaram diferenga significativa na contragdo voluntaria maxima pré e
p6s-alongamento (32 £ 13 vs. 29 £ 12 kgf e 31+ 13 vs. 28 + 12 kgf, para controle e alongado, respectiva-
mente, p <0.001), contudo sem diferengas entre os membros alongado e controle (p=0.951), sendo que
os homens apresentaram maiores perdas de forca que as mulheres (p <0.001).
Conclusdo: Nossos resultados sustentam a premissa de que os efeitos deletérios do alongamento sobre a
forca ndo se devem apenas a fatores mecanicos, como complacéncia muscular. E possivel que a inibi¢io
neural tenha reflexo na redu¢do da forga.
© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Publicado por Elsevier Espaiia,
S.L.U. Este é um artigo Open Access sob uma licenga CC BY-NC-ND (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
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* Autor para correspondéncia.

Efecto del estiramiento unilateral en rendimiento de la fuerza contralateral

RESUMEN

Objetivos: Nuestro objetivo fue identificar los efectos de un estiramiento unilateral en el rendimiento de
la fuerza de contraccién voluntaria maxima ipsilateral y contralateral en funcién del género.
Método: La muestra estuvo compuesta por 80 estudiantes universitarios asintomaticos (44 mujeres, 36
hombres), con independencia del nivel de actividad fisica (21.3 & 3.7 afios, 166.7 4+ 8.8 cm, 64.6 + 16.0 kg).
La contraccién voluntaria maxima se midié en ambas extremidades en reposo, y después de tres series de
20 s de estiramiento pasivo unilateral en el miembro dominante (20 min de intervalo). Los datos fueron
analizados estadisticamente mediante ANOVA de dos entradas con medidas repetidas.
Resultados: Los resultados mostraron una diferencia significativa en la contraccién voluntaria maxima
antes y después del estiramiento (32 4+ 13 vs. 294+ 12 kgfy 31 £13 vs. 28 £ 12 kgf, para el grupo control
y el de estiramiento, respectivamente, p<0.001), pero no hubo diferencias entre los miembros de los
grupos de estiramiento y de control (p=0.951), mientras que los hombres mostraron una mayor pérdida
de fuerza que las mujeres (p<0.001).
Conclusiones: Nuestros resultados apoyan la premisa de que, los efectos nocivos del estiramiento sobre la
fuerza, no sé6lo se deben a factores mecanicos, como la complacencia muscular. Es posible que la inhibicién
neural tenga reflejo en la reduccién de la fuerza.
© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Publicado por Elsevier Espaiia,
S.L.U. Este es un articulo Open Access bajo la licencia CC BY-NC-ND (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Correio eletrénico: barbosa.netto@yahoo.com.br (S. Barbosa-Netto).
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Effect of unilateral stretching on contralateral strength performance

ABSTRACT

Objectives: Our aim was to identify the effects of a unilateral stretching on both stretched and non-
stretched maximal voluntary contraction by gender.

Method: Sample was composed of 80 asymptomatic college students (44 females, 36 males), regardless
of physical activity level (21.3 £ 3.7 years, 166.7 + 8.8 cm, 64.6 + 16.0 kg). Maximal voluntary contraction
was measured on both members at rest, and after three sets of 20 s unilateral passive stretching exercise
on dominant member (20 min interval). Data were analyzed by two way repeated measures ANOVA.
Results: Results showed a significant difference on pre and post-stretching maximal voluntary contraction
(32+13vs29+12kgfy31+13vs 28 + 12 kgf, for control and stretching, respectively, p <0.001), with no
difference for stretching and control members (p=0.951), while men showed a greater loss of strength
than women (p<0.001).

Conclusion: our results sustain the premise that deleterious effects of stretching on strength are not only
due to mechanical factors, as muscle complacence. It is possible that neural inhibition has reflection in
reduction of strength.

© 2016 Consejeria de Turismo y Deporte de la Junta de Andalucia. Published by Elsevier Espafia, S.L.U.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introducao

Apesar das evidéncias cientificas ndo sustentarem a premissa
de que o alongamento tem a¢do favoravel na prevencio! ou
recuperacdo de lesdes?, na reducdo da dor muscular de inicio
tardio® ou ainda na performance esportiva?, seu uso continua
sendo frequentemente observado na etapa inicial de sessdes de
treinamento de qualquer natureza, independentemente da técnica
utilizada. O tipo de alongamento mais utilizado na pratica cotidia-
na parece ser o alongamento estatico. Uma das razdes para essa
afirmacdo, é que o individuo tem o controle tanto da postura quanto
da tensdo muscular facilitando o aprendizado dessa técnica®. Além
disso, essa técnica consiste num estiramento aplicado lenta e gra-
dualmente com for¢a constante até o limite individual, evitando a
estimulacdo do reflexo de estiramento, proporcionando um maior
ganho de amplitude no movimento articular®®. Contudo, esse
mesmo tipo de alongamento tem sido associado a perda da for¢a
maxima de contracdo e poténcia muscular’:8,

Muito embora a disponibilidade de estudos verificando estes
efeitos seja ampla, os mecanismos determinantes da redu¢do da
performance da for¢ca muscular pés-alongamento ndo sio claros®.
As principais propostas se dividem entre os fatores neurais'’ e os
miogénicos'!12, Neste sentido, Young et al.'? apresentaram, atra-
vés de eletromiografia, uma diminui¢cdo na atividade elétrica do
musculo, o que sugere a possibilidade de uma inibi¢io de meca-
nismos neurais. Em contrapartida, os estudos de Nelson et al.'? e
Nelson et al.!! propdem que os fatores mecanicos podem englobar
as alteragdes induzidas pelo alongamento narelagdo comprimento-
-tensdo de um musculo.

Outros estudos sugerem que o principal efeito do alongamento
passivo esta relacionado com o aumento muscular (hipertrofia)
que pode alterar a relacdo comprimento-tensdo do masculo. Essa
hipertrofia geraria o aumento do sarcémero e isso ocasionaria o
encurtamento da distdncia muscular, diminuindo assim a velo-
cidade de contracdo e a producdo de forca devido a relagdo
da forca-velocidade que esta diminuida'’. Chalmers'® e Esposito
et al.'"* relatam que modifica¢des mecanicas, como a diminui¢io
darigidez na unidade misculo-tendinea, e alteragdes neuromuscu-
lares, como um limiar de ativag¢do do eixo muscular maior e uma
diminuicdo na excitabilidade reflexa espinhal, foram observadas
ap6s administragdo aguda de alongamento.

Todavia, os estudos conduzidos até o momento tém adotado
métodos que se diferenciam do treinamento cotidiano ou até

inviabilizam uma aplicacdo pratica do conhecimento. Por exem-
plo, Avela et al.'® investigaram os efeitos de 1h de alongamento
dindmico repetitivo sobre a for¢a de contragdo voluntaria maxima
(CVM) (estatica) da flexdo plantar contralateral. Para tanto, cons-
truiram um ergdmetro de tornozelo especifico. Apesar de estar
bem estabelecido que durag¢des curtas do alongamento ndo indu-
zem perdas significativas na gera¢do daforca’, o tempo prolongado
(1 h) encontra-se muito além das rotinas observadas no cotidiano.
Por outro lado, Trajano et al.'6, apesar de utilizarem uma proposta
de alongamentos mais compativel com algo habitual (5 x 60s de
alongamento estatico com intervalo de 15 s), verificaram seus efei-
tos sobre a for¢a dos flexores plantares de forma isocinética, o que
também se distingue de acdes esportivas ou cotidianas.

Outro aspecto a se considerar diz respeito ao género, pois tam-
bém ndo ficou claro se homens e mulheres respondem de forma
diferente a esta intera¢do entre alongamento e forca’, visto que,
em geral, os estudos contemplam amostras de Ginico género. Além
disso, a literatura mostra que ndo estd bem estabelecido se a
reducdo da for¢a pds-alongamento é decorrente de fatores cen-
trais (neurais) ou periféricos (musculares). Hipotetizamos que a
forca deve ser reduzida em ambos os membros ap6s o alongamento,
independentemente de género. Sendo assim, o objetivo do estudo é
identificar os efeitos de um alongamento unilateral no desempenho
da forca de CVM ipsilateral e contralateral em fungdo do género.

Método

Para verificar a validade de nossa hipétese, que o alonga-
mento reduz a forca de CVM tanto no membro alongado quanto
no ndo-alongado, investigamos o efeito do alongamento unilate-
ral nos muisculos do antebrago em ambos os membros. O estudo
foi conduzido num delineamento transversal de teste-reteste. Os
participantes foram convidados a realizar trés testes de preen-
sdo manual em ambos os bra¢os, dominante e nio dominante.
O primeiro teste serviu para a familiarizacdo com o aparelho. O
alongamento (variavel independente) foi realizado no braco ndo
dominante 20 min apds os testes de forca, seguido por mais dois
mensuragdes de for¢a no handgrip.

Amostra

A amostra foi composta por conveniéncia por um grupo de
80 estudantes universitarios (36 homens, 44 mulheres), jovens,
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Tabela 1
Descri¢do da amostra e comparagdo entre homens e mulheres

Todos Homens Mulheres p
Amostra 80 36 44
Idade (anos) 213 +£ 3.7 22.0 + 4.1 20.7 + 3.4 0.125
Estatura (cm) 166.7 + 8.8 174.0 + 6.3 160.8 + 5.3’ <0.001
Massa Corporal (kg) 64.6 + 16.0 763 £ 15.9 55.0 + 7.5 <0.001

" significa p<0.001 em relagdo ao sexo masculino.

assintomaticos, praticantes ou nio de exercicio fisico (tabela 1).
A maior parte do grupo foi composta por individuos destros
(77 individuos). Todos os individuos foram informados sobre os
procedimentos e riscos experimentais e assinaram um termo de
consentimento livre e esclarecido informado antes do inicio do
teste. Este estudo foi aprovado pelo Comité de Etica Institucional.

Delineamento experimental

Em um (nico dia, foi testada em ambos os membros a CVM
através de um dinamodmetro (Saehan, Reptblica da Coreia) em trés
tentativas consecutivas com um intervalo de 2 min entre elas. A
primeira execugdo serviu para familiarizagcdo ao aparelho. Foi con-
siderado o melhor resultado entre as dois tentativas subsequentes
para caracterizac¢do da for¢a de preensio de mdo dos individuos. Os
individuos foram encorajados verbalmente ao longo do teste com
o intuito de alcangarem seu melhor desempenho!”.

Apbs o teste de forga, os individuos repousaram por um periodo
de 20 min, sem que fosse realizado qualquer tipo de esforco com
os membros superiores. Em seguida, foi realizado um alongamento
estatico passivo unilateral no membro ndo dominante para mao
e antebrago (extensdo de punho com o cotovelo a 180° e ombro
fletido a 90°). O alongamento foi feito em trés séries de 20s inter-
valado com um breve relaxamento do membro, totalizando 60 s de
alongamento. O dngulo final de cada movimento foi determinado
pela sensacdo de leve desconforto!® reportada pelos individuos.
Imediatamente apds, foi feita uma nova medida de CVM (em dois
tentativas), com intervalos de 2 min, nos membros alongado e ndo
alongado.

Andlise estatistica

Ap6s a identificacdo da normalidade da distribuicdo pelo teste
de Kolmogorov-Smirnov (p >0.05), a forca de CVM foi comparada
pela ANOVA de dois fatores com medidas repetidas, observando-
-se as comparacdes entre grupos em relacdo ao membro e ao
género, e dentro dos grupos em relacdio ao momento da medida
(pré-teste vs. pos-teste), seguida de post hoc de Tukey quando
apropriado. Também foram identificados os niveis de forca de
acordo com género e idade dos valores de referéncia propostos por
Vianna et al.!”. Foi adotado um nivel de significancia de 5%. Todos
os calculos foram efetuados pelo software estatistico SPSS 20.0
(IBM, EUA).

Resultados

Houve diferenca significativa entre pré-teste e pés-teste tanto
para o grupo como um todo (p<0.001), como em cada género
(p<0.001), sendo a reducdo da forca mais expressiva entre os
homens (p<0.001) (tabela 2). Os homens também apresentaram
mais for¢a do que as mulheres (p <0.001), sendo que a maior parte
(61%) foi classificada acima do percentil 75 para o género, enquanto
mais de dois ter¢os das mulheres (68%) foram consideradas abaixo
do percentil 50 (fig. 1). Por fim, as respostas de cada membro ao
experimento (controle vs. alongado) foram similares (p=0.951) e
sem distin¢do por géneros (p=0.481) (tabela 2).

Tabela 2
Média + desvio-padrao da for¢a de contragdo voluntaria maxima dos membros alon-
gado e controle

Grupo Membro Pré-teste (kgf) Pés-teste (kgf)
Todos Controle 31.6 +13.3 28.6 + 12.1°
(n=80) Alongado 315+ 13.1 282 +12.1°
Mulheres Controle 213 +£49 19.6 + 4.3
(n=44) Alongado 222 458" 206 + 54"
Homens Controle 44.1 + 8.8 39.6 + 9.0°
(n=36) Alongado 43.0 £ 10.0 392 +9.9

"p<0.001 em relagdo ao pre-teste; “p<0.001 em relagdo ao sexo masculino.

35.0
30.0
25.0

20.0

15.0 Homens

Mulheres

10.0
5.0

0.0
P5 P10 P25 P40 P50 P60 P75 P90 P95
Percentis do handgrip por género e idade

Figura 1. Classificacdo do nivel de for¢a de preensdo manual de acordo com sexo e
idade.

Discussao

O objetivo deste estudo foi identificar os efeitos do alongamento
unilateral no desempenho da for¢ca muscular ipsilateral e contra-
lateral em fun¢do do género. Os resultados indicam claramente
que ha uma redu¢do da magnitude da contragdo muscular maxima
ap6s o protocolo de alongamentos, mesmo no membro ndo alon-
gado. Estes resultados refutam a ideia de que a redugdo da forca
pés-alongamento seja em decorréncia apenas de uma alteracdao
no estado dos tecidos contrateis. Em adendo, apesar dos homens
terem apresentado uma queda mais acentuada da for¢a, o mesmo
fendmeno foi observado nas mulheres.

Estudos anteriores destacaram haver uma rela¢do neural entre
os membros treinado e ndo treinado. Os mesmos reportaram
situacdes em que a forca unilateral de um membro era influenciada
pelo treinamento de forca contralateral'®2° e até mesmo pelo trei-
namento (efeito crénico) de alongamento contralateral?!. Adamson
et al.’® mencionaram que a adaptacdo neural observada apds o
treinamento de forca maxima melhorou a capacidade de desenvol-
ver rapidamente a forca. Trajano et al.?? constataram que houve
uma diminui¢do na ativa¢do da unidade motora e na atividade
eletromiografica imediatamente ap6s o alongamento passivo dos
flexores plantares. Além desses mecanismos, outros sistemas neu-
rais podem estar envolvidos na redugdo de CVM, como a ativacdo
de nociceptores e inibi¢do gerada pelo 6rgdo tendinoso de Golgi,
que contribuem para redugdo da excitabilidade do motoneurdnio
alfa®3,

Porém, também existem evidéncias de que o alongamento reduz
tanto a resposta da CVM2* como a submaxima?® quando prece-
dem exercicios de for¢a. Como citado anteriormente, ainda ndo ha
uma comprovagdo ou consenso na literatura quanto aos mecanis-
mos fisioldgicos que levam a diminui¢do da for¢ca maxima com o
pré-alongamento. Altera¢des mecanicas, como mudanca das carac-
teristicas da unidade musculo-tendinea, e neurais, como reduc¢ao
no comando da unidade central, sdo consideradas como os mecanis-
mos principais que causam a limitacdo na forca maxima e poténcia
de saida induzida por alongamento® 42>,
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Ao se comparar a for¢a entre homens e mulheres por meio de
valores brutos, sdo esperados niveis mais elevados de for¢a para
o sexo masculino. No entanto, a classificacdo por percentis per-
mite uma comparag¢do mais equiparada, em fun¢do dos ajustes para
sexo e faixa etdria. Ainda assim, em nossa amostra, a maioria dos
homens mostrou-se com niveis de for¢a equivalentes ao percen-
til 75 ou superior, ao passo que nas mulheres a maioria do grupo
obteve resultados variando entre os percentis 10-50. Deste modo,
pode-se assumir que o efeito deletério do alongamento na capa-
cidade de contragdo muscular ndo seja dependente do nivel de
forca de cada individuo, pois o fenémeno foi similar em ambos os
Sexos.

Quanto ao género, Vianna et al.!” ratificaram que os homens
tendem a ser mais fortes que as mulheres. A andlise descriminada
por sexo demonstrou que tanto em homens quanto em mulheres
a perda de for¢a de preensdo manual foi inversamente relacionada
a idade, com redu¢do média de 30 e 28% para homens e mulheres,
respectivamente. Todavia, cabe destacar que houve diferenca
quanto a idade a partir da qual se observa um declinio mais
expressivo da forca, sendo para homens em torno dos 30 anos e
para mulheres a partir dos 50 anos.

O tipo de alongamento adotado em nosso estudo (estatico) tem
sido reportado na literatura como aquele que tende a causar estes
efeitos contraproducentes na geracdo da for¢a subsequente, ao
menos de forma aguda’8. Ao nosso melhor conhecimento, apenas
2 estudos observaram um efeito neural contralateral do alonga-
mento sobre a for¢a. Young et al.’? e Da Silva et al.?% identificaram
uma reducdo na atividade eletromiografica apés o alongamento
mesmo no membro ndo alongado, o que sugere a inibi¢do de meca-
nismos neurais.

Todos os procedimentos foram realizados em um tnico dia, o
que poderia ser considerada uma limitacdo do estudo. Ndo obs-
tante, um intervalo de 20 min entre os testes permite a total
recuperacdo dos niveis de forga, visto que periodos mais cur-
tos (2min) ji se mostram suficientes para evitar a fadiga?’.
Apesar do presente estudo ndo ter utilizado um aparelho de ele-
tromiografia, o alto niimero de individuos participantes confere
confiabilidade aos nossos resultados. Sendo assim, o presente
estudo sustenta a premissa de que os efeitos deletérios do alon-
gamento sobre a for¢a ndo sdo apenas devidos a fatores mecanicos,
como a complacéncia muscular. E possivel que a inibi¢io neu-
ral tenha reflexo na redug¢do da for¢a. Conclui-se que mesmo um
exercicio de alongamento exclusivamente unilateral é capaz de
reduzir tanto a forca muscular contralateral como ipsilateral, e que
esta resposta ocorre similarmente tanto em homens quanto em
mulheres.

Responsabilidades éticas

Protecdo de pessoas e animais. Os autores declaram que os pro-
cedimentos seguidos estavam de acordo com os regulamentos
estabelecidos pelos responsaveis da Comissdo de Investigacdo Cli-
nica e Etica e de acordo com os da Associagio Médica Mundial e da
Declarag¢do de Helsinki.

Confidencialidade dos dados. Os autores declaram ter seguido os
protocolos do seu centro de trabalho acerca da publicacdo dos dados
de pacientes.

Direito a privacidade e consentimento escrito. Os autores decla-
ram ter recebido consentimento escrito dos pacientes e/ou sujeitos
mencionados no artigo. O autor para correspondéncia deve estar
na posse deste documento.

Conflito de interesses

Os autores declaram ndo haver conflito de interesses.
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