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La! genialidad! es! una! triple! voltereta! en! el!
vacío! y! sin! red! de! las! neuronas! que! rompe! de!
forma! insólita! con! lo! establecido! y! consigue!una!
aceptación!masiva.!!

!
Cuando! esto! se! logra,! la! genialidad!

acostumbra! a! tener! un! seguro! reconocimiento!
social! y! un! probable! reconocimiento! económico.!
Cuando! el! triple! salto! acaba! estrellado! adquiere!
la! denominación! de! “extravagancia,! estupidez! o!
locura”! y! su! protagonista! acostumbra! a! verse!
rodeado! de! un! aura! de! descalificaciones! en! la!
misma!línea.!

!
Ante!lo!insólito,!cada!vez!que!un!humano,!en!

lugar!de! rechazar! algo!por!desconocido,! apura! y!
exprime! todas! las! preguntas! y! transforma! el!
inconformismo! en! energía! para! forzar! y!
transgredir! las! barreras! de! lo! formalmente!
aceptado,!no!os!quepa!la!menor!duda,!un!posible!
genio!está!larvando!su!personal!hipótesis,!que!es!
la!antesala!oscura!de!lo!posible.!
!
!
!

Piensa,(es(gratis(
Joaquín!Lorente!
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LA#LESIÓN#MUSCULAR#EN#EL#DEPORTE#
#
#
1.#CARACTERÍSTICAS#GENERALES#DE#LA#LESIÓN#MUSCULAR#

'

El'tejido'muscular'esquelético'representa'alrededor'de'un'40.45%'del'

peso' total' de' un' individuo' y' se' puede' considerar' que' está' compuesto'

básicamente'por'dos'componentes:'las'fibras'musculares'y'el'tejido'conectivo.'

Las'primeras'constituyen'el'componente'contráctil'del'músculo'y'el'segundo'

funciona'como'un'tejido'de'sostén'e'integra'a'las'fibras'musculares,'los'vasos'

capilares'y'los'nervios'en'la'estructura'muscular'entendida'como'tal'(Järvinen'

et' al.' 2005).' Cada' fibra' muscular' está' unida' por' sus' extremos' al' tejido'

conectivo' de' un' tendón' (unión% miotendinosa)' y' al' tejido' conectivo' de' las'

fascias'que'las'envuelven'(unión%miofascial)'(Tidball'and'Daniel'1986).'

'

La' lesión' muscular' es' habitual' en' el' deporte' profesional' y' suele'

ocasionar' periodos' de' baja' importantes' para' el' entrenamiento' y' la'

competición'durante'varias'semanas.'Por'ello'es'de'gran'importancia'asegurar'

el'diagnóstico,' optimizar' el' tratamiento'y' elaborar' correctamente'el'proceso'

de' readaptación' deportiva' para' minimizar' al' máximo' los' riesgos' de' una'

recaída'(Järvinen'et'al.'2007,'Orchard'et'al.'2008,'Ueblacker'et'al.'2014).'

'

La'zona'más'débil'del'componente'músculo.tendón.hueso,'y'por'tanto'

más'susceptible'a'la'lesión,'varía'con'la'edad.'En'niños'son'más'frecuentes'las'

lesiones' fisarias'y' las'avulsiones'de' la'apófisis'óseas'por' la'excesiva' tracción'

músculo.tendinosa,'en'adultos' jóvenes' la'mayor'debilidad'se' localizada'en' la'

propia' unión' miotendinosa' y' en' adultos' de' más' edad' la' existencia' de'

tendinopatías' crónicas' predispone' a' rupturas' intratendinosas' con' mayor'

asiduidad' (Boutin' et' al.' 2002,' El.Khoury' et' al.' 1996,' Pomeranz' and' Heidt'

1993).'

'
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Dependiendo' del' tipo' de' tejido' conectivo' afectado' se' describen'

lesiones'miotendinosas'y'miofasciales.' 'Como'anteriormente'se'ha'comentado,'

la' unión' miotendinosa' es' la' zona' más' vulnerable' del' complejo' músculo.

tendón.hueso'y'ahí'asientan' la'mayoría'de' las' lesiones.'Por'el' contrario,' son'

menos' habituales' las' lesiones' localizadas' en' la' unión' miofascial.' Ahí,'

contracciones' descoordinadas' de' los' músculos' adyacentes' generan' una'

fricción' conjunta' sobre' las' fascias' que' conduce' a' la' lesión' (Koulouris' and'

Connell'2005).'

'

Tras' la' lesión'muscular'se' inicia'un'proceso'secuencial'de'etapas'que'

conducen'hacia'su'curación'y,'pese'a'que'biológicamente'éstas'se'diferencian'

entre'sí,'existe'un'solapamiento'de'las'mismas'en'el'tiempo.'Las'etapas'que'se'

han'identificado'este'proceso'son'las'siguientes'(Huard'et'al.'2002):'

1.'Fase'de'destrucción,'en'la'que'se'incluye'una'fase'de'degeneración'e'

inflamación:'Se'caracteriza'por'la'ruptura'y'necrosis'de'las'fibras'musculares,'

la'formación'de'un'hematoma'y'una'importante'reacción'inflamatoria.'

2.'Fase'de'reparación:' Se'observa'una' fagocitosis'del' tejido' lesionado'

seguido' de' una' regeneración' de' las' fibras' musculares' que' conducen' a' la'

activación'de'células'satélite.'

3.'Fase'de'remodelación:'Se'da'la'maduración'de'las'fibras'musculares'

regeneradas,' se' recupera' la' capacidad' funcional' contráctil' del' músculo' y'

aparecen'también'fenómenos'de'fibrosis.'

'

'

2.#MECANISMOS#DE#PRODUCCIÓN#DE#LESIÓN#
#

Las' lesiones'musculares' se' producen' por' dos'mecanismos:' directo' e'

indirecto.%Las'lesiones'por'mecanismo%directo,'las'contusiones'musculares,'son'

habituales'en'los'deportes'de'contacto'y'de'combate'(Crisco'et'al.'1994)'y'las'

producidas'por'mecanismo%indirecto,'que'se'dan'cuando'una'fuerza'tensional'

excede' a' la' capacidad' de' tolerancia' del' músculo' (la' fase' excéntrica' de' la'
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contracción' muscular' o' un' hiperestiramiento),' son' más' frecuentes' en'

deportes' en' los' que' intervienen' acciones' de' velocidad,' saltos' y/o' chutes'

(Garrett'1995).''

'

El' estudio' del'mecanismo' de' producción' lesional' de' las' segundas' ha'

suscitado'mucho'más'interés'en'las'ciencias'del'deporte'por'su'complejidad'en'

el'manejo'médico'desde'el'momento'del'diagnóstico'hasta'el'momento'del'alta'

médica.'Los'músculos'más'afectados'son' los' isquiosurales'y'el'recto'anterior'

del'cuádriceps.'Ambos'son'músculos'biarticulares'(isquiosurales'extienden'la'

cadera'y' flexionan' la' rodilla' y' recto' anterior' flexiona' la' cadera'y' extiende' la'

rodilla)' y' poseen' un' elevado' porcentaje' de' fibras' de' contracción' rápida'

(Askling'et'al.'2010,'Heiderscheit'et'al.'2010,'Noonan'and'Garrett'1999).''
'
2.1#Músculos#isquiosurales#

#

Los' isquiosurales' son' los' músculos' que' presentan' la' prevalencia'

lesional' más' alta.' Alrededor' de' un' tercio' de' los' isquiosurales' lesionados'

padecen'una'recaída'en'el'primer'año'tras'el'alta'médica'y'a'pesar'de'todos'los'

planes' de' recuperación' y' los' programas' preventivos' elaborados' no' se' ha'

objetivado'una'reducción'en'los'últimos'30'años'ni'en'la'incidencia'lesional'ni'

en'la'tasa'de'recurrencia''(Mendiguchia'and'Brughelli'2011,'Mendiguchia'et'al.'

2011).'En'el'fútbol,'el'atletismo'de'velocidad,'el'rugby'o'el'fútbol'australiano'es'

una' lesión' habitual' debido' a' las' continuas' demandas' de' velocidad' que' se'

requieren' en' estos' deportes' (Heiderscheit' et' al.' 2010,' Mendiguchia' and'

Brughelli'2011).'En'la'danza'y'el'ballet'ésta'también'es'frecuente'aunque'aquí'

la'causa'son'los'repetidos'hiperestiramientos'a' los'que'se'somete'al'músculo'

con'violentas'flexiones'de'cadera'(Askling'et'al.'2006,'Askling'et'al.'2002)'

'

En'las'acciones'de'alta'velocidad'2'mecanismos'lesionales'han'sido'los'

propuestos:'

'
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a)'Durante'la'segunda'mitad'de'la'fase'de'vuelo'(late%swing%phase)%los'

isquiosurales' buscan' decelerar' la' extremidad' inferior' y' prepararse' para' el'

apoyo'en'el'suelo'mediante'una'contracción'excéntrica,'encontrándose'en'ese'

momento' muy' elongados' (cadera' y' tronco' flexionados' y' rodilla' extendida)'

sobretodo' el' bíceps' femoral' que' se' lesiona' mucho' más' que' el' resto' de'

isquiosurales'(semitendinoso'y'semimembranoso)'(Chumanov'et'al.'2011).'

'

b)'En'el'instante'inicial'del'apoyo'(early%stance%phase)%los'isquiosurales'

realizan'una'contracción'concéntrica'para' frenar'el'descenso'del' cuerpo'y'al'

mismo' tiempo' extender' la' cadera' para' elevar' el' tronco' e' iniciar' la' fase' de'

propulsión.'En'ese'instante'quién'realiza'una'contracción'más'importante'es'el'

bíceps' femoral' pues' parte' de' una' mayor' elongación' que' el' resto' de'

isquiosurales'(Orchard'2012).'

'

2.2#Recto#anterior#del#cuádriceps#

'

Tras' los' isquiosurales' el' recto' anterior' del' cuádriceps' es' el'músculo'

con'mayor'susceptibilidad'a'la'lesión.'Aquellos'deportes'en'los'que'el'chut'es'

parte' importante' del' juego' (fútbol' y' rugby,' por' ejemplo)' son' los' que'

presentan'mayor'incidencia'lesional'(Bordalo.Rodrigues'and'Rosenberg'2005,'

Kassarjian' et' al.' 2014).' Al' inicio' de' esta' acción' la' cadera' se' encuentra' en'

extensión'y'la'rodilla'flexionada,'haciendo'que'el'cuádriceps'esté'elongado.'La'

contracción' concéntrica' que' se' solicita' para' efectuar' el' chut' en' un'músculo'

muy'estirado' lleva'a' la' lesión'(Hasselman'et'al.'1995).'Este'mecanismo'es'el'

que'provoca'la'casi'totalidad'de'lesiones'de'la'unión'miotendinosa'del'tendón'

indirecto'provocando'un'verdadero'degloving' intramuscular,'haciendo'que'el'

vientre'muscular'bipennado'más'profundo'se'disocie'del'músculo'unipennado'

superficial' (Balius' et' al.' 2009).' En' este' músculo' están' descritas' lesiones'

miotendinosas' del' tendón' directo,' del' tendón' distal' y' lesiones' miofasciales'

(Kassarjian'A'et'al.'2012).'A'diferencia'de'las'lesiones'en'los'isquiosurales,'no'

están'descritas'tasas'de'recurrencias'tan'elevadas'(Cross'et'al.'2004).'
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3.#FACTORES#DE#RIESGO#DE#LA#LESIÓN#MUSCULAR#
'

Diversos'factores'de'riesgo'han'sido'descritos'(Arnason'et'al.'2004,'Liu'

et' al.' 2012):' déficit' de' fuerza' muscular,' alteración' del' ratio' de' fuerza'

isquiosurales/cuádriceps,' déficit' de' flexibilidad,' calentamiento' inadecuado,'

fatiga' acumulada,' alteración' de' la' estabilidad' lumbopélvica,' aspectos'

mecánicos' y' antropométricos,' aspectos' específicos' del' deporte' practicado'

(sprints,' cambios' de' velocidad' y' dirección,' chuts…),' competiciones' contra'

rivales' de' nivel' superior,' retorno' precoz' a' la' práctica' deportiva' tras' una'

lesión,' lesiones' previas' y' factores' psicológicos.' Pese' a' que' los' estudios'

publicados' aportan' resultados' contradictorios' respecto' a' los' factores' de'

riesgo' anteriormente' descritos,' la' existencia' de' una' lesión' previa' tanto' en'

cuádriceps' como' en' isquiosurales' es' el' factor' de' riesgo' con' mayor'

significación' (Orchard'2001)' e' incluso' se' ha' postulado' a' éste' como' el' único'

factor' de' riesgo' verdaderamente' significativo' para' las' lesiones' de'

isquiosurales'(Engebretsen'et'al.'2010).'

'

'

4.#CLASIFICACIÓN#DE#LA#LESIONES#MUSCULARES##
#

' Clásicamente' las' lesiones' musculares' producidas' por' mecanismo#

indirecto'se'han'clasificado'en'3'grados'de'severidad'en'función'de'criterios'

clínicos' (O’Donoghue' 1962),' ecográficos' (Peetrons' 2002,' Takebayashi' et' al.'

1995)' y' de' resonancia' magnética' (Stoller' 2007)' como' se' muestra' en' la'

siguiente'tabla:'

'

'

'

'

'
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TABLA# 1.' Clasificación' de' las' lesiones'musculares' acorde' a' criterios' clínicos,' ecográficos' de'
resonancia'magnética'(Tomada'de'Müller.Wohlfahrt'et'al.'2013,'pág.'2).'

'

' A' modo' más' ilustrativo,' incluso' didáctico,' y' unificando' los' criterios'

anteriores' las' lesiones' musculares' se' dividen' en:' grado' 1' (microrotura,'

afectación' leve),' grado' 2' (rotura' parcial,' afectación' moderada)' y' grado' 3'

(rotura'completa,'afectación'severa).'''

''
' Recientemente' se' han' propuesto' nuevos' modelos' de' clasificación'

puesto' que' etiquetar' una' lesión' muscular' con' un' grado' de' severidad' lleva'

implícito' un' pronóstico' de' baja' deportiva,' este' pronóstico' depende' también'

del'músculo'lesionado,'de'la'localización'exacta'de'la'lesión'en'el'mismo'y'del'

tipo'de'tejido'mioconectivo'afectado:'

'

' Chan'et'al' (2012)'clasifican' inicialmente' las' lesiones'musculares'en'3'

tipos:' las' que' afectan' a' la' unión' miotendinosa' proximal,' a' la' unión'

miotendinosa'distal'y'las'que'afectan'al'vientre'muscular.'En'estas'últimas'se'

diferencia'además'el'nivel'de'afectación'(proximal,'medio'o'distal)'y'también'

el' tipo' de' tejido' dañado:' muscular' propiamente' dicho,' miofascial,'

miofascial/perifascial,' miotendinoso' o' combinaciones' de' los' anteriores.' Su'

utilidad'radica'en'la'precisión'de'la'localización'anatómica'de'la'lesión.'

'

' Pollock' et' al' (2014)' las' clasifican' en'4' grados,' siendo' el' grado'0'una'

molestia' muscular' generalizada' e' inespecífica' o' un' dolor' muscular' de'

aparición'retardada'(DOMS,'delayed%onset%muscle%soreness)'y' los'grados'1'a'4'

alteraciones'estructurales'de'diversa'magnitud.'Posteriormente'cada'grado'se'

that 16% of muscle injuries in elite football/soccer are
re-injuries and associated with 30% longer absence from compe-
tition than the original injury1 emphasises the critical import-
ance of correct evaluation, diagnosis and therapy of the index
muscle disorder. This concerted effort presents a challenging
task in light of the existing inconsistent terminology and classi-
fication of muscle injuries.

Different classification systems are published in the literature
(table 1), but there is little consistency within studies and in
daily practice.20

Previous grading systems based upon clinical signs: One of the more
widely used muscle injury grading systems was devised by
O’Donoghue. This system utilises a classification that is based on
injury severity related to the amount of tissue damage and asso-
ciated functional loss. It categorises muscle injuries into three
grades, ranging from grade 1 with no appreciable tissue tear, grade
2 with tissue damage and reduced strength of the musculotendi-
nous unit and grade 3 with complete tear of musculotendinous
unit and complete loss of function.21 Ryan published a classifica-
tion for quadriceps injuries which has been applied for other
muscles. In this classification, grade 1 is a tear of a few muscle
fibres with an intact fascia. Grade 2 is a tear of a moderate
number of fibres, with the fascia remaining intact. A grade 3
injury is a tear of many fibres with a partial tear of the fascia and
a grade 4 injury is a complete tear of the muscle and the fascia.22

Previous grading systems based up imaging: Takebayashi
et al23 published in 1995 an ultrasound-based three-grade classi-
fication system ranging from a grade 1 injury with less than 5%
of the muscle involved, grade 2 presenting a partial tear with
more than 5% of the muscle involved and up to grade 3 with a
complete tear. Peetrons24 has recommended a similar grading.
The currently most widely used classification is an MRI-based
graduation defining four grades: grade 0 with no pathological
findings, grade 1 with a muscle oedema only but without
tissue damage, grade 2 as partial muscle tear and grade 3 with a
complete muscle tear.25

The limitations of the previous grading systems are a lack of
subclassifications within the grades or types with the conse-
quence that injuries with a different aetiology, treatment
pathway and different prognostic relevance are categorised in
one group. Some of the grading systems, like the Takebayashi
classification are relative and not consistently measurable. So
far, no terminology or grading system (sub)classified disorders
without macroscopic evidence of structural damage, even
though a muscle injury study of the Union of European
Football Associations (UEFA) has emphasised their high clinical
relevance in professional athletes.26

The objective of our work is to present a more precise defin-
ition of the English muscle injury terminology to facilitate
diagnostic, therapeutic and scientific communication. In add-
ition, a comprehensive and practical classification system is
designed to better reflect the differentiated spectrum of muscle
injuries seen in athletes.

METHODS
To evaluate the extent of the inconsistency and insufficiency of
the existing terminology of muscle injuries in the English litera-
ture a questionnaire was sent to 30 native English-speaking
sports medicine experts. The recipients of the questionnaires
were invited based on their international scientific reputation
and extensive expertise as team doctors of the national or first
division sports teams from the Great Britain, Australia the
USA, the FIFA, UEFA and International Olympic Committee.
The included experts were responsible for covering a variety of
different sports with high muscle injury rates including foot-
ball/soccer, rugby, Australian football and cricket. Qualification
criteria also included long-term experience with sports team
coverage which limited the number of available experts since
team physicians often tend to change after short periods.
The questionnaire (see online supplementary appendix 1)

was divided into three categories: first, the experts were asked
to individually and subjectively describe their definitions of
several common terms of muscle injuries and to indicate if the
term is a functional (non-structural) or a structural disorder/injury.
In the second category, they were asked to associate synonym
terms of muscle injuries such as strain and tear. In the final cat-
egory, the experts were asked to list given number of muscle
injury terms in the order their increasing injury severity.
Following the completion of the survey, the principal authors

(H-WM-W, LH and PU) organised a consensus meeting of 15
international experts on the basic science of muscle injury as
well as sports medicine specialists involved in the daily care of
premier professional sports and national teams. The meeting
was endorsed by the International Olympic Committee (IOC)
and the UEFA.
A nominal group consensus model approach in which ‘a

structured meeting attempts to provide an orderly procedure
for obtaining qualitative information from target groups who
are most closely associated with a problem area’27 was adopted
for creating a consensus statement on terminology and classifi-
cation of muscle disorders and injuries. This model was success-
fully applied before in other consensus statements.28

During the 1-day meeting, the authors performed a detailed
review of the structural and functional anatomy and physiology of

Table 1 Overview of previous muscle injury classification systems

O’Donoghue 1962 Ryan 1969 (initially for quadriceps)
Takebayashi 1995, Peetrons 2002
(Ultrasound-based) Stoller 2007 (MRI-based)

Grade I No appreciable tissue tearing, no loss
of function or strength, only a
low-grade inflammatory response

Tear of a few muscle fibres, fascia
remaining intact

No abnormalities or diffuse bleeding
with/without focal fibre rupture less
than 5% of the muscle involved

MRI-negative=0% structural damage.
Hyperintense oedema with or without
hemorrhage

Grade II Tissue damage, strength of the
musculotendinous unit reduced,
some residual function

Tear of a moderate number of fibres,
fascia remaining intact

Partial rupture: focal fibre rupture
more than 5% of the muscle involved
with/without fascial injury

MRI-positive with tearing up to 50% of the
muscle fibres. Possible hyperintense focal
defect and partial retraction of muscle fibres

Grade III Complete tear of musculotendinous
unit, complete loss of function

Tear of many fibres with partial
tearing of the fascia

Complete muscle rupture with
retraction, fascial injury

Muscle rupture=100% structural damage.
Complete tearing with or without muscle
retraction

Grade IV X Complete tear of the muscle and
fascia of the muscle–tendon unit

X X

2 Br J Sports Med 2012;0:1–9. doi:10.1136/bjsports-2012-091448

Consensus statement
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acompaña'de'un'sufijo'adicional'(“a”,'“b”'o'“c”)'dependiendo'de'la'localización,'

siendo' “a”' una' lesión' miofascial,' “b”' una' miotendinosa' y' “c”' una' afectación'

intratendinosa.'

'

' Müller.Wohlfahrt'et'al'(2013)'las'clasifican'inicialmente'en'funcionales'

o'estructurales.'Posteriormente'varios'subgrupos' integran'cada'una'de'ellas.'

Así,'dentro'de'las'lesiones'denominadas'funcionales'(sin'hallazgo'de'alteración'

tisular'mediante'pruebas'de' imagen)' se' encuentran' alteraciones'musculares'

inducidas'por' fatiga,'DOMS'y'alteraciones'de'origen'neuromuscular.'Por'otra'

parte,' las' lesiones' estructurales' (aquellas' que' presentan' daño' tisular'

macroscópico)'se'dividen'en'leves,'moderadas'y'severas.'Recientemente'esta'

clasificación'ha'sido'validada'en'cuanto'a'su'buena'correlación'con'el'tiempo'

de' baja'médico' prescrito' pero' solamente' por' lo' que' respecta' a' las' lesiones'

estructurales,'no'así'las'funcionales'(Ekstrand'et'al.'2013).'

''

' Ambas'propuestas'coinciden'a'la'hora'de'presentar'una'gradación'que'

clasifican'de'menor'a'mayor'el'daño'estructural'muscular'de'manera'similar'a'

los'clásicos'grados'1,'2'y'3.'

#
# Las' que' se' producen' por' un'mecanismo# directo' se' clasifican' de' un'

modo' más' sencillo' de' acuerdo' al' rango' de' movilidad' de' la' rodilla' pues'

originariamente'esta'clasificación'se'describió'para'contusiones'directas'en'el'

cuádriceps.' Así,' el' grado' 1' (lesión' leve)' correspondería' a' aquellas' que'

permiten'más'de'90º'de' flexión'de' rodilla;' el' grado'2' (lesión'moderada)' las'

que'presentan'un'balance'articular'entre'45'y'90º'y'el'grado'3'(lesión'severa)'

las'que'tienen'la'flexión'limitada'a'menos'de'45º'(Balius'2005).'

#

#

#

#

#
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5.#DIAGNÓSTICO#Y#SEGUIMIENTO#DE#LA#LESIÓN#MUSCULAR#

#
' Dos'son'los'pilares'fundamentales'en'los'que'se'basa'el'DIAGNÓSTICO'

de' las' lesiones'musculares:'anamnesis'y'exploración' física'en'primer' lugar'y'

pruebas'de'imagen'complementarias'después.'

' '

' La''anamnesis'es'importante'de'cara'a'conocer'el'mecanismo'lesional:'

si' ha' existido' una' contusión' directa,' si' ha' sido' mediante' un' estiramiento'

forzado,' realizando' un' cambio' de' dirección,' un' chut' o' un' sprint,' si' se' ha'

producido' entrenando' o' compitiendo,' si' existía' un' componente' previo' de'

fatiga,' etc.'Después,' la'exploración# física' incluyendo'palpación'dolorosa'del'

área'muscular'afectada,'molestias'con'la'contracción'contra.resistida'y'con'el'

estiramiento,'disminución'de'la'fuerza,'si'se'palpa'una'depresión'evidente'en'

el'músculo'lesionado'y'valorando'si'la'deambulación'es'posible'o'no.'Todo'lo'

anterior'ya'puede'informar'acerca'de'si'una'lesión'es'leve,'moderada'o'severa.'

'

' Las' pruebas# de# imagen' (ecografía' de' partes' blandas' y' resonancia'

magnética)'son'útiles'no'solo'para'completar'el'diagnóstico'sino'también'para'

determinar' la'magnitud'de' la' lesión,'pronosticar' el' tiempo'de'baja'médica'y'

monitorizar' el' proceso' de' curación' (Corazza' et' al.' 2013).' La' ecografía%

músculo<esquelética'es'una'prueba'sencilla,'no'invasiva'y'de'bajo'coste.'Por'el'

contrario,'requiere'de'la'realización'por'parte'de'personal'médico'instruido'y'

su' interpretación' es' observador.dependiente.' Los' ecógrafos' utilizados' en'

medicina' del' deporte' para' el' estudio' de' la' lesión' muscular' poseen'

transductores' lineales'de'alta' frecuencia'(8.12'MHz)'y'para' la'sistemática'de'

examen' se' realizan' imágenes' en' cortes' longitudinales' y' transversales' con' la'

ventaja'adicional'de'que'se'pueden'realizar'exploraciones'dinámicas'(Balius'et'

al.' 2009,' De' Marchi' et' al.' 2005).' La' resonancia%magnética' (RM)' pese' a' ser'

también'no'invasiva'es'una'prueba'de'mayor'coste'pero'posee'la'ventaja'que'

define' de' manera' óptima' las' estructuras' anatómicas' definiendo'

perfectamente' la' lesión.' Se' obtienen' imágenes' en' cortes' axiales,' coronales' y'
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sagitales,'para'el'estudio'específico'de' la' lesión'muscular' se'usan'secuencias'

de'supresión'grasa'(T2'fat.sat'o'STIR)'(De'Marchi'et'al.'2005)'y'se'recomienda'

realizarla' a' las' 24.48' horas' de' la' lesión' (Ekstrand' et' al.' 2012).' Diversos'

estudios' han' correlacionado' mediciones' de' la' imagen' de' la' lesión' por' RM'

(longitud'y'área' transversal'del'músculo'afectado)' con'el'pronóstico'de'baja'

médica'y'el'riesgo'de'una'recurrencia'(Koulouris'et'al.'2007,'Slavotinek'et'al.'

2002,' Verrall' et' al.' 2006).' En' los' últimos' años' se' han' desarrollado' nuevas'

técnicas' de' RM' como' el' tensor% de% difusión' que' se' basa' en' el' ' movimiento'

aleatorio' de' las' moléculas' de' agua' en' un' tejido' anisotrópico.' El' tensor' de'

difusión,' mediante' la' fracción' anisotrópica' y' el' coeficiente' aparente' de'

difusión,' refleja' alteraciones' de' la' estructura' tisular,' incluso' aquellas' tan'

pequeñas'que'no'podrían'ser'detectadas'con' la'RM'convencional' (Cermak'et'

al.'2012,'Zaraiskaya'et'al.'2006).'

'

' Exámenes#de#laboratorio:#'Se'han'propuesto'como'biomarcadores'de'

lesión'muscular'la'detección'de'miosinas'(isoformas'rápida'y'lenta)'en'sangre'

a' las' 48' horas' de' la' lesión,' el' examen' de' creatín.kinasa,' lactado'

deshidrogenasa,' mioglobina,' ácido' úrico,' troponina.I' y' alfa.actina' séricas'

(Guerrero'et'al.'2008,'Šimunic'et'al.'2011).'

'

' El'SEGUIMIENTO#EVOLUTIVO'de'la'lesión'muscular'puede'realizarse'

de' diferentes' maneras:' mediante' las' técnicas' de' imagen' anteriormente'

descritas,' cuantificando' la' fuerza' muscular' mediante' tests' isocinéticos' o' a'

través' de' la' valoración' del' comportamiento' viscoelástico' del' músculo'

(tensiomiografía'y'miotonometría).''

'

' Los' test% isocinéticos' cuantifican' la' fuerza' muscular' (cuádriceps,'

isquiosurales,' gemelos…)' a' diferentes' velocidades' angulares' de' ejecución'

(desde'60º/s'hasta'240º/s)'de'manera'que'permiten'poner'de'manifiesto' la'

existencia' de' diferencias' significativas' entre' el' músculo' lesionado' y' su'

homónimo' contralateral' y' también' calcular' una' ratio' entre' el' músculo'
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lesionado'y'su'antagonista'sano.'Así,'se'admiten'como'fisiológicas'diferencias'

contralaterales' inferiores'a'un'10%'mientras'que'diferencias'mayores'ponen'

de'manifiesto'una'preparación'inadecuada'del'músculo'para'el'entrenamiento'

o' la' competición.' También' se' evalúa' la' relación' de' fuerzas' entre' músculos'

isquiosurales' y' cuádriceps' (ratio' I/Q)' que' debe' estar' entre' el' 60.80%'

(Croisier'et'al.'2008,'Pincivero'et'al.'1997).'

'

' La' tensiomiografía' es' una' herramienta' que' mide' en' condiciones'

isométricas' la' deformación' radial' de' un'músculo' cuando' es' activado'por' un'

estímulo' eléctrico' de' intensidad' controlada.' Se' determinan' la' magnitud' del'

desplazamiento' radial' o' deformación' del' vientre' muscular,' el' tiempo' de'

respuesta'o'latencia,'el'tiempo'de'contracción,'el'tiempo'de'mantenimiento'de'

la' contracción' y' el' tiempo' de' relajación.' Todos' los' valores' anteriores'

proporcionan'información'acerca'del'estado'de'un'músculo'en'su'proceso'de'

recuperación' o' del' efecto' que' general' en' él' las' cargas' de' entrenamiento'

(García.Manso'et'al.'2010).'

'

La'miotonometría'valora'también'el'desplazamiento'muscular'cuando'

se'le'aplica'un'estímulo'mecánico'al'músculo'en'estado'de'reposo.'Se'miden'la'

frecuencia'de'amortiguación'de'las'oscilaciones'mecánicas,' la'disminución'de'

éstas'y' la' rigidez'del' tejido'muscular'examinado'(Bizzini'and'Mannion'2003,'

Ditroilo'et'al.'2011,'Gavronski'et'al.'2007).'

'

'

6.#LA#LESIÓN#MUSCULAR#EN#EL#FÚTBOL#

'
' El' fútbol' es' el' deporte' más' popular' del' mundo' y' se' calcula' que'

alrededor' de' 300'millones' de' personas' (40' de' ellos'mujeres)' lo' practican' a'

todos'los'niveles.'Debido'a'esa'magnitud'es'habitual'que'acontezcan'lesiones'

de'todo'tipo'y'ello'acarree'un'gasto'económico'nada'desdeñable.'Por'ejemplo'

en'Suiza,'un'país' con'8'millones'de'habitantes,' el' coste'económico'generado'
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por' las' lesiones' en' este' deporte' se' sitúa' entorno' a' 170'millones' de' dólares'

(Bizzini'et'al.'2013).''

'

' Las' lesiones'musculares' son' uno' de' los'mayores' problemas' para' los'

futbolistas' ya' que' representan' el' 31%' de' todas' las' lesiones' y' son' las'

responsables'de'alrededor'de'un'27%'de' los'días'de'baja'médica.'El'92%'de'

todas'estas'lesiones'se'localizan'en'las'extremidades'inferiores'afectando'a'los'

isquiosurales'(37%),'los'aductores'(23%),'el'cuádriceps'(19%)'y'los'gemelos'

(13%)'(Ekstrand'et'al.'2011).'Como'anteriormente'se'ha'resaltado,'también'en'

el' fútbol' la' lesión' de' isquiosurales' es' la' más' frecuente' y' dentro' de' ella' el'

bíceps'femoral'es'el'más'afectado'(84%),'después'el'semimembranoso'(11%)'

y'por'último'el' semitendinoso' (5%)'(Ekstrand'et'al.'2012).'De'acuerdo'a' los'

criterios' establecidos' y' unánimemente' aceptados,' las' lesiones' se' clasifican'

según' sus' tiempos'de'baja'médica' en'mínimas' (1.3'días'de'baja),' leves' (4.7'

días),'moderadas'(8.28'días)'y'severas'(más'de'28'días).'Con'todo'lo'anterior,'

se' estima'que'para'un'equipo'profesional'de'25' jugadores' se'darán'unas'15'

lesiones'musculares'por'temporada.'El'53%'de'ellas'se'producen'en'partidos'y'

47%'restante'en'entrenamientos.'La'incidencia'lesional'(número'lesiones'por'

cada' 1000' horas' de' exposición)' es' 6' veces' más' alta' en' partidos' que' en'

entrenamientos' (8,70' respecto' a' 1,37).' Un' 16%' de' lesiones' son' recidivas'

(siendo'el' bíceps' femoral' el' que'más' las'padece' (Hallén' and'Ekstrand'2014,'

Liu'et'al.'2012)'y'éstas'ocasionan'tiempos'de'baja'médica'aún'mayores'que'las'

lesiones'iniciales'(Ekstrand'et'al.'2011).'A'continuación'se'muestra'una'tabla'

con'toda'la'información'anterior:'
#
#
#
#
#
#
#
#
#
#
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TABLA# 2.# Incidencia' lesional,' severidad,' tiempos'de'baja'y' tasa'de're.lesiones'de' las' lesiones'
musculares'habituales'en'el'fútbol'(tomada'de'Ekstrand'et'al.'2011,'pág.'1227).'
'

'

La' mayor' parte' de' las' lesiones' del' cuádriceps' (60%)' afectan' la'

extremidad' dominante,' al' ser' el' chut' una' acción' típica' del' fútbol' y' ser' un'

mecanismo' potencialmente' lesional.' En' cambio' isquiosurales' (50%),'

aductores' (54%)' y' gemelos' (51%)' no' muestran' diferencias' en' cuanto' a'

lateralidad.'Casi' todas' las' lesiones'(95%)'se'dan'por'mecanismo'indirecto,'el'

resto' son' causadas' por' contusiones.' Tienen' tendencia' a' producirse' hacia' el'

final'de'cada'una'de'las'dos'partes'del'partido'haciendo'que'la'fatiga'pudiese'

explicarse' como' mecanismo' causal.' Por' lo' general,' la' incidencia' lesional'

aumenta'con'la'edad'aunque'este'hallazgo'es'significativo'únicamente'para'las'

lesiones'de'los'gemelos'(Ekstrand'et'al.'2011).'Datos'sin'publicar'recogidos'en'

los'últimos'años'por'el' servicio'médico'del'Futbol'Club'Barcelona'apuntan'a'

que'las'lesiones'de'cuádriceps'son'más'habituales'en'jugadores'menores'de'21'

años' mientras' que' por' encima' de' esa' edad,' compitiendo' a' niveles' más'

profesionales,'el'bíceps'femoral'vuelve'a'ser'el'músculo'mayormente'afectado.'

Últimamente' son'muchos' los' terrenos'de' juego'que'han' sustituido' la' hierba'

natural'por'la'hierba'artificial,'especialmente'en'países'en'que'las'condiciones'

climáticas'dificultan'el'mantenimiento'de' la'primera.'Hasta' la' fecha'no'se'ha'

podido'encontrar'una'mayor'o'menor'lesionabilidad'en'esta'nueva'superficie'

de' juego'(Andersson'et'al.'2008,'Bjørneboe'et'al.'2010,'Ekstrand'et'al.'2006,'

Kristenson'et'al.'2013).'

'

half, P = .012). Calf strains were most frequent in the
last 15 minutes of the match (P \ .05, compared with
0-15, 15-30, 30-45, and 60-75 minutes).

Muscle Injuries and Age

The incidence of muscle injury in general increased with
age (Figure 2). In training, players in the oldest age group
(.30 years) had a significantly higher incidence than did

young (\22 years) players (1.19 vs 1.63/1000 hours, P =
.0003), whereas it was no different from that of the inter-
mediate (22-30 years) age group (1.39/1000 hours). In
match play, young players had a lower incidence (6.26/
1000 hours) than did the intermediate (9.24/1000 hours,
P \ .0001) and older (9.54/1000 hours, P \ .0001) age
groups.

The match play incidence of the 4 most common muscle
strain injuries was also analyzed between the age groups

TABLE 2
Incidence, Prevalence, and Nature of 4 Most Common Muscle Injuries

Hamstrings Quadriceps Adductors Calf Muscles

n (% of total no. of injuries) 1084 (12) 485 (5) 672 (7) 368 (4)
Season prevalence, % 17 8 14 6
Total injury incidence (95% confidence interval) 0.92 (0.87-0.98) 0.41 (0.38-0.45) 0.57 (0.53-0.62) 0.31 (0.28-0.35)
Injury incidence, traininga 0.43 (0.39-0.47) 0.28 (0.25-0.32) 0.32 (0.29-0.36) 0.18 (0.16-0.21)
Injury incidence, matcha 3.70 (3.43-3.99) 1.15 (1.00-1.32) 2.00 (1.80-2.22) 1.04 (0.90-1.20)
Injury severity (%)

Minimal (1-3 days) 140 (13) 60 (12) 119 (18) 50 (14)
Mild (4-7 days) 272 (25) 120 (25) 210 (31) 93 (25)
Moderate (8-28 days) 556 (51) 233 (48) 275 (41) 177 (48)
Severe (.28 days) 116 (11) 72 (15) 68 (10) 48 (13)

Days of absence/injury, mean 6 SD 14.3 6 14.9 16.9 6 19.2 14.0 6 24.3 14.7 6 14.4
Injury burdenb 13.2 (13.0-13.4) 7.0 (6.8-7.1) 8.0 (7.8-8.2) 4.6 (4.5-4.7)
Reinjuries (%) 174 (16) 81 (17) 124 (18) 48 (13)

aInjury incidence for muscle injuries expressed as number of injuries/1000 hours of total exposure (95% confidence interval).
bInjury burden expressed as number of days’ absence/1000 hours of total exposure (incidence 3 mean absence) (95% confidence interval).

Figure 1. Distribution of traumatic injuries during a match (data from the Union of European Football Associations Champions
League cohort, 2005-2009).

4 Ekstrand et al The American Journal of Sports Medicine
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' Para' la' prevención'de' lesiones' en' el' fútbol' (musculares' incluidas)' se'

han' desarrollado' programas' multidisciplinares' como' el' FIFA% 11+,' un'

programa' de' ejercicios' elaborados' por' la' comisión' médica' de' la' FIFA'

(Fédération% Internationale% de% Football% Association)' y' que' en' el' año' 2009' se'

comenzó' a' implantar' de' manera' importante' entre' sus' más' de' 200'

federaciones'nacionales'asociadas.'Con'este'sencillo'programa'de'ejercicios,'se'

ha'reducido'significativamente'la'incidencia'lesional'en'el'fútbol'(Bizzini'et'al.'

2013).' Respecto' a' los' planes' de' prevención' exclusivos' para' lesiones'

musculares' destacan' aquellos' cuyo' objetivo' consiste' en' trabajar' el'

componente'excéntrico'de'la'fuerza'(Malliaropoulos'et'al.'2012,'Petersen'et'al.'

2011,'Schache'2012)'a'pesar'de'que'desafortunadamente'todavía'existe'poca'

evidencia' científica' en' su' utilidad' como' prevención' primaria' (Goldman' and'

Jones'2011).'El'momento'de'decidir'la'vuelta'a'la'competición'tras'una'lesión'

muscular' es' un' punto' crítico' para' el' médico' de' equipo' porqué,' a' pesar' de'

existir' propuestas' interesantes' (Creighton' et' al.' 2010),' aún' no' existe' un'

consenso' unánime' que' garantice' la' eliminación' completa' del' riesgo' de' una'

recurrencia' al' tiempo' que' se' asegura' el' máximo' rendimiento' deportivo'

(Matheson'et'al.'2011,'Orchard'et'al.'2005).'

#

#
#
#
#
' ' ' '

'

'

#
#
#
#
#
#
#
#
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BASES#DE#LA#IMPEDANCIA#ELÉCTRICA#
'

'

1.#CONCEPTO#BÁSICO#DE#IMPEDANCIA#ELÉCTRICA#
'

La' bioimpedancia' (BIA)' representa' la' oposición' que' muestran' los'

materiales'biológicos'al'paso'de'una'corriente'eléctrica'alterna.'Ésta'se'puede'

descomponer' en' dos' parámetros' cuantificables:' la' resistencia' (R),'

determinada' por' el' paso' de' la' corriente' a' través' de' las' soluciones'

electrolíticas' intra' y' extracelulares' y' la' reactancia' (Xc),' determinada'por' las'

propiedades'dieléctricas'de'los'tejidos'(acumulación'temporal'de'cargas'sobre'

las'membranas' celulares' o' sobre' otros' interfaces' sumergidos' en' la' solución'

electrolítica),'estructuras'que'se'comportan'como'condensadores'al'paso'de'la'

corriente'(Lukaski'1996,'Piccoli'A'et'al.'2002a).'

'

'
FIGURA#1.#Modelo'eléctrico'de'una'célula'(tomado'de'Lukaski'1996,'pág.'398S).'

'

'

Por' lo' tanto' los' tejidos' biológicos' se' comportan' en' mayor' o' menor'

medida' como' conductores' de' la' corriente' eléctrica' y' también' como'

condensadores'dependiendo'de' su' composición.'Las' soluciones'electrolíticas'

intra' y' extracelulares' de' los' tejidos' blandos,' en' particular' de' los' tejidos' no'

grasos,'son'óptimos'conductores;'mientras'que'el'hueso'no'es'atravesado'tan'

fácilmente' por' la' corriente' eléctrica' y' se' comporta' como' un'mal' conductor'

(aislante).' En' el' tejido' adiposo' la' corriente' puede' atravesar' las' soluciones'
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mediante'la'Ley%de%Ohm'calculan'la'impedancia'(Ω),'y'teniendo'la'impedancia'

y'el'ángulo'de'fase'se'obtienen'R'(Ω)'y'Xc'(Ω)'mediante'la'ecuación'4.'

'

Para' frecuencias' de' la' corriente' inferiores' a' 10'GHz,' al' atravesar' los'

tejidos' blandos' (incluidos' los' parénquimas),' han' sido' identificados' tres'

intervalos'de' frecuencia'en'donde'se'modifica'sensiblemente' la' contribución'

relativa' de' los' miembros' de' la' impedancia' (en' particular' la' Xc).' Estas' tres'

zonas'de'cambios'rápidos'en' la'Z'se'deben'a' los'denominados'fenómenos'de'

dispersión' o' relajamiento' dieléctrico.' Cada' una' de' estas' zonas' frecuenciales'

recibe'un'nombre'concreto:'alfa'(la'relación'a'frecuencias'más'bajas,'Hz),'beta'

(frecuencias'intermedias,'kHz)'y'gamma'(frecuencias'más'altas,'GHz).''

'

'
'
FIGURA# 3.' Regiones' de' dispersión' para' el' tejido' biológico,' propuesto' por' Schwan' (Schwan'
1957)(tomada'de'Grimnes'&'Martinsen'2000,'pág.'85).'
'

'

A' las' frecuencias' de' corriente' utilizadas' con' objetivo' clínico,' en' el'

análisis' estándar' una' frecuencia' fija' a' 50' kHz,' o' en' espectroscopia' de'

impedancia'utilizando' frecuencias'entre'1'kHz'y'1'MHz,'predominantemente'

intervienen' fenómenos' de' polarización' y' relajamiento' en' las' interfases'

(relajación' beta),' en' especial' en' la' membrana' celular' (efecto' Maxwell.

Wagner),' con' contribución' variable' de' otros' fenómenos.' En' un' cuerpo' no'

homogéneo,' cada' tejido' contribuirá' con' sus' propiedades' dieléctricas,' que'
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ignorando' los' efectos' dieléctricos' de' las' membranas' (condición' de'

“membrana'celular'muda”),''y'la'Z'viene'dada'por'la'oposición'que'ofrecen'el'

agua'intracelular'y'sus'iones'y'el'agua'extracelular'y'sus'iones,'quedando'estos'

valores'a'la'izquierda'de'la'curva'(López.Gómez'2011)'(figura'5).'

'

'
FIGURA#5.#Representación'del'efecto'de'la'corriente'de'alta'y'baja'frecuencia'al'desplazarse'por'
un'tejido'biológico.'Las'bajas'frecuencias'se'desplazan'solamente'por'el'espacio'extracelular'y'
las'altas'frecuencias'penetran'además'por'el'interior'de'las'células.'

'

'La'interpretación'de'las'medidas'en'multifrecuencia'es'muy'compleja'

y'sigue'siendo'todavía'objeto'de'investigación.'La'medida'de'la' impedancia'a'

las'frecuencias'más'elevadas'y'a'las'más'bajas'representa'un'problema'técnico'

difícil'de'solucionar,'que'se'traduce'en'inestabilidad'y'baja'repetibilidad'de'las'

medidas'en'algunos'analizadores'de'impedancia.'Como'consecuencia'tenemos'

una'propagación'del'error'en'las'fórmulas'de'regresión'que'anula'eventuales'

ventajas'del'análisis'de'los'compartimentos'mediante'la'espectroscopia.''

'

Considerando' la' anisotropía'de' los' tejidos'biológicos,' se' comparó' las'

medidas' realizadas' en' monofrecuencia' y' en' multifrecuencia.' Mediante'

medidas'de'monofrecuencia'se'observó'que'con'el'espectro'de'frecuencias'de'

1'kHz.1MHz,'concretamente'a'50'kHz,'se'obtenía'un'vector'de'impedancia'con'

la'máxima'Xc'y'PA,' es'decir,' en'el'punto'más'alto'de' la' curva'del'modelo'de'

Cole.Cole.' Por' ello,' y' para' la' aplicación' de' la' BIA' en' clínica,' esta' es' la'

frecuencia'con'propiedades'óptimas'(Piccoli'et'al.'2005a).'
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El' método' de' medición' de' la' BIA' en' monofrecuencia' se' basa' en' la'

inyección'de'una'corriente'eléctrica'alterna'de'una' intensidad'muy'pequeña,'

de'alrededor'de'245µARMS,'muy'inferior'al'umbral'de'percepción,'a'50'kHz'en'

analizadores'de'bioimpedancia'de'fase'sensible.'

'

'

3.# OPCIONES# SOBRE# LA# INTERPRETACIÓN# DE# LAS# MEDIDAS#

DE#BIOIMPEDANCIA#
'

Las' dos' opciones' para' la' interpretación' de' los' valores' de' R' y' Xc,'

obtenidos'con'analizadores'bioimpedancia,'en'mono'o'multifrecuencia,'son:'

'

El' análisis# convencional,' donde' se' asume' en' el' cuerpo' es' un'

conductor'isótropo'cilíndrico'de'sección'constante,'y'mediante'ecuaciones'de'

regresión'se'estima'el'volumen'eléctrico'total'(agua'corporal'total,'total%body%

water,' TBW,' en' litros)' del' componente'R,' y' a' partir' de' éste,' asumiendo'una'

hidratación'constante'de'los'tejidos'blandos,'la'masa'libre'de'grasa'(en'kg).'La'

diferencia'entre'el'peso'corporal'y'la'masa'libre'de'grasa'estima'la'masa'grasa.'

En'la'mayor'parte'de'las'ecuaciones'de'regresión'(ecuaciones'de'predicción'de'

la'composición'corporal)'el'componente'Xc'es'ignorado'(Ellis'2000,'Piccoli'et'

al.'2002b).'

'

El'análisis#vectorial'o'BIVA'(Bioelectrical%Impedance%Vector%Analysis),'

donde'no'se'realizan'asunciones'de'isotropía'de' los'tejidos'ni'sobre'modelos'

de'tejidos'o'del'cuerpo.'Las'dos'medidas'R'y'Xc,'conseguidas'por'el'analizador'

de' bioimpedancia,' son' consideradas' simultáneamente' como' miembros' del'

vector'impedancia'Z.'El'vector'de'un'nuevo'sujeto,'estandarizado'por'su'talla,'

es'confrontado'por'vía'gráfica'(Grafo'RXc)'con'la'distribución'de'los'vectores'

de'la'población'sana'de'referencia'(Piccoli'et'al.'1994).'

'

'
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4.#MEDIDAS#DE#BIOIMPEDANCIA#EN#HUMANOS:#RIGHTdSIDE,#

PROXIMAL,#SEGMENTAL#
'

Las' medidas' de' bioimpedancia' en' humanos' se' realizan' de' las'

siguientes'formas:'global,'proximal'y'segmental.''

'
1. BIA#global:'Es'la'configuración'estándar'para'medir'el'cuerpo'entero.'

También' se' conoce' como' “whole.body”' y' “right.side”.' En' esta'
configuración' el' individuo' se' encuentra' en' decúbito' supino:' Dos'
electrodos' (un' inyector,' I,' y' un' detector,' V)' se' disponen' en' la' cara'
dorsal'de' la'cabeza'del'3er'metacarpiano'derecho'y'en' la'cara'dorsal'
de' la' articulación' radiocarpiana'derecha.'Otros'dos,' un' inyector'y'un'
detector,'en'la'cara'dorsal'de'la'cabeza'del'3er'metatarsiano'derecho'y'
en'la'cara'dorsal'de'la'articulación'tibiotarsiana'derecha'(figura'6).'En'
esta' configuración' la' impedancia' total' de' un' sujeto' con' hidratación'
normal' y' constante' queda'definida' del' siguiente'modo:' el' 50%'de' la'
impedancia' viene' determinada' por' los' miembros' inferiores,' el' 40%'
por'los'miembros'superiores'y'el'10%'restante'del'tronco.''

%

FIGURA# 6.# Localización' estándar' de' los' electrodos' inyectores' (I)' y' detectores' (V)' para' la'
medida'global'de'bioimpedancia'(right.side,'whole.body)'(Adaptado'de'Nescolarde'2006,'tesis'
doctoral).'

'

2. BIA#proximal:'Para'mejorar' la'valoración'de'los'compartimentos'del'
BIA' convencional,' se' han' propuesto' diferentes' disposiciones' de' los'
electrodos' (con' el' mismo' concepto' básico' de' formas' cilíndricas' y'
anisotropía.'Para'obtener'un'BIA'proximal,' se'ha'propuesto' (Lukaski'
and' Scheltinga' 1994)' la' disposición' de' los' electrodos' detectores' (V)'
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sobre' la' fosa' cubital' derecha' y' en' el' hueco' poplíteo' derecho'
manteniendo'los'electrodos'inyectores'(I)'en'la'posición'descrita'para'
el'BIA'global' (figura'7).'La'superioridad'de'BIA'proximal'aún'no'está'
demostrada' por' lo' que' concierne' al' distal' por' la' valoración' de' los'
compartimentos' en' adultos' sanos,' ni' por' el' sistema' sistema' de'
multifrecuencia'y/o'monofrecuencia.'

'
FIGURA#7.#Localización'de'los'electrodos'inyectores'(I)'y'detectores'(V)'para'la'medida'de'BIA'
proximal'(Adaptado'de'Nescolarde'2006,'tesis'doctoral).'

'
'

3. BIA#segmental:'Se'obtiene'colocando'los'electrodos'inyectores'(I)'en'
la' posición' originaria' y' los' detectores' (V)' en' la' parte' distal' de' los'
miembros' superiores' e' inferiores' y' en' el' tronco,' según' varias'
modalidades' (figura' 8).' Esta' técnica' todavía' no' está' estandarizada' y'
muestra'dificultades'a'la'hora'de'identificar'correctamente'los'puntos'
de'referencia'brazos'y'piernas'y'sobre'el'tronco,'principalmente'en'el'
estados'de'obesidad'y'de'edema'generalizado.''

'
FIGURA#8.#Localización'de'los'electrodos'inyectores'(I)'y'detectores'(V)'para'la'medida'de'BIA'
segmental'(Adaptado'de'Nescolarde'2006,'tesis'doctoral).''

!

'
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'
5.#APLICACIONES#CLÍNICAS#DE#LA#IMPEDANCIA#ELÉCTRICA##

#
Las' aplicaciones' clínicas'de' la' impedancia' eléctrica' incluyen'desde'el'

estudio'general'de'poblaciones'de'referencia:'adultos'sanos'(Nescolarde'et'al.'

2013,' Piccoli' et' al.' 1995,' Roubenoff' et' al.' 1997,' Stolarczyk' et' al.' 1994),'

neonatos' y' niños' (De'Palo' et' al.' 2000,' Piccoli' et' al.' 2002c)' y' adultos' obesos'

(Piccoli' et' al.' 1998)' hasta' el' estudio' de' pacientes' sometidos' a' diálisis'

peritoneal' o' hemodiálisis' (Nescolarde' et' al.' 2008,' Nescolarde' et' al.' 2004,'

Piccoli'A'2004),'estudio'del'pronóstico'de'supervivencia'en'cáncer'de'pulmón'

(Toso'et'al.'2000),'en'melanoma'cutáneo'(Glickman'et'al.'2003,'Har.Shai'et'al.'

2005),'en'cáncer'colorrectal'avanzado'(Gupta'et'al.'2004),'en'cáncer'de'mama'

(Gupta'et'al.'2008),'en'infección'por'el'VIH'(Ott'et'al.'1995),'en'complicaciones'

post.quirúrgicas' (Barbosa.Silva' and' Barros' 2005)' o' en' anorexia' nerviosa'

(Piccoli'et'al.'2005b)'entre'otras.'En'el'ámbito'del'deporte'el'análisis'vectorial'

de'la'bioimpedancia'(BIVA)'tipo'whole<body%se'ha'utilizado'para'la'valoración'

del'estado'nutricional'y'de'hidratación'en'futbolistas'profesionales'(Bonuccelli'

et'al.'2011,'Gatterer'et'al.'2011).'

'

Recientes'y'más'novedosas'aplicaciones'de'la'BIA'se'han'utilizado'para'

el' estudio' de' enfermedades' neuromusculares' (Rutkove' et' al.' 2002),' para'

identificar'infecciones'antes'de'su'manifestación'clínica'en'úlceras'cutáneas'en'

la'pierna'(Lukaski'and'Moore'2012)'y'para'el'establecimiento'de'patrones'de'

normalidad'en'músculos'de' jugadores'profesionales'de' futbol'y'baloncesto'e'

introducir' patrones' de' cambio' en' los' parámetros' de' BIA' en' la' lesión'

(Nescolarde'L'et'al.'2011).#
#

#

#
#
'
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HIPÓTESIS((
'

'

La' impedancia'es' la'oposición'al'paso'de' la'corriente'alterna'a'través'

de'un'material.' Si' este'material' es'un' tejido'biológico' se' toma'el'nombre'de'

bioimpedancia'(BIA).'Sus'dos'componentes'fundamentales'son'la'resistencia'y'

la'reactancia.''

'

Partiendo' del' concepto' fundamental' de' que' la' resistencia' (R)' es' la'

oposición' al' paso' de' la' corriente' alterna' que' viene' determinada' por' la'

conductividad'del'medio,'especialmente'por'los'fluidos'intra'y'extracelulares,'

y'que'la'reactancia'(Xc)'es'la'oposición'que'generan'las'membranas'celulares'

al' comportarse' como' condensadores' (Lukaski' 1996),' se' elabora' la' hipótesis'

de'trabajo'consistente'en'que' la*R*disminuye*en*la*lesión*muscular*a*causa*del*

movimiento*de*agua*del*espacio* intracelular*al*extracelular*(edema)*y* la*Xc* lo*

hace*debido*a*la*afectación*de*las*membranas*celulares*(desestructuración*de*la*

membrana*de*la*fibra*muscular).'

'

De' este' modo' se' busca' aplicar' un' método' no' invasivo,' indoloro' y'

portátil' para' utilizarlo' como' una' herramienta' de' apoyo' en' la' detección' y' el'

seguimiento' de' lesiones' musculares' (diagnosticadas' clínicamente' y'

confirmadas'mediante'resonancia'magnética).'
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JUSTIFICACIÓN+
'

Este'estudio'nace'del'interés'del'Departamento*Médico*del*Futbol*Club*

Barcelona' por' profundizar' en' el' conocimiento' y' futuras' herramientas'

diagnósticas' de' la' lesión' muscular' en' el' deporte' profesional.' Esta' entidad'

deportiva'es'pionera'en' la' investigación'y'desarrollo'de'programas,'guías'de'

práctica' clínica' y' organización' de' simposiums' médicos' sobre' la' lesión'

muscular.' Paralelamente' el' Departamento* de* Electrónica* de* la* Universitat*

Politécnica* de* Catalunya' trabaja' desde' hace' años' en' la' aplicación' de' la'

impedancia'eléctrica'en'tejidos'humanos'en'convenios'de'colaboración'con'el'

Hospital* Clínic* de*Barcelona,*el'Hospital* de* la*Vall* d’Hebrón,*el'Hospital* de* la*

Santa*Creu*i*Sant*Pau,*el'Hospital*Germans*Trias*i*Pujol'y'la*Fundació*Puigvert.'

Unir' impedancia'eléctrica'y' lesión'muscular'genera'un' interés'común'que'es'

bien' visto' por' el' Departament* de* Cirurgia* de* la* Facultat* de* Medicina* de* la*

Universitat* Autònoma* de* Barcelona' para' desarrollar' un' programa' de' tesis'

doctoral.'

'

' Los' trabajos' que' integran' esta' tesis' doctoral' son' las' primeras'

publicaciones' en' revistas' indexadas' en' el' JCR' (Q2)' relacionadas' con' la'

detección'y'seguimiento'de'las'lesiones'musculares'en'futbolistas'de'alto'nivel'

mediante'bioimpedancia'localizada'(L.BIA).'

'

'

OBJETIVOS+
+

+ El'objetivo+principal+de'esta'tesis'doctoral'es'encontrar'un'patrón'de'

cambio'de'los'parámetros'de'L.BIA'que'correlacionen'significativamente'con'

el' grado' de' severidad' de' la' lesión'muscular' diagnosticada' previamente' por'

parámetros'clínicos'y'por'resonancia'magnética'(RM).'

'

'
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' Como'objetivos+secundarios+imprescindibles'para'la'consecución'del'

objetivo'principal'destacan:''

'

1. Elaboración'y'descripción'de'un'método'de'medida'adecuado.''

2. Asegurar'la'repetibilidad'del'método.''

3. Definir' los' márgenes' de' normalidad' en' grupos' musculares' no'

lesionados.''

4. Realizar'el'seguimiento'evolutivo'hasta'el'momento'de'la'vuelta'a'

la'competición.'

5. Conocer' los' procesos' fisiopatológicos' en' ciertas' lesiones'

musculares.'

'

' '
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1.#PERIODO#DE#ESTUDIO,#MUESTRA#Y#CRITERIOS#DE#INCLUSIÓN#

'

PRIMER#TRABAJO:#

Localized#bioimpedance#to#assess#muscle#injury.#Physiol(Meas#2013;34:237P245#

#

Durante'la'temporada'2011.2012'se'inició'el'estudio'de'los'cambios'de'

impedancia' eléctrica' en' lesiones' musculares' en' jugadores' de' fútbol'

profesionales.'Se'comenzó'con'el'análisis'de'3'lesiones'de'diferente'severidad:'

una'de'grado'1,'una'de'grado'2'y'otra'de'grado'3.''En'la'tabla'3'se'presentan'la'

edad,'talla'y'peso'de'los'futbolistas'estudiados.'Formaron'parte'de'la'muestra'

los' integrantes' de' la' plantilla' profesional' del' segundo' equipo' de' fútbol' del'

Fútbol'Club'Barcelona'(FCB),'todos'ellos'mayores'de'edad,'que'presentaron'su'

consentimiento' informado' para' formar' parte' del' estudio' en' caso' de' ser'

requeridos'y'con'la'aprobación'para'el'mismo'del'comité'ético'del'FCB.'

#

TABLA#3.#Edad,'talla'y'peso'de'los'futbolistas'estudiados'

'

'

'

SEGUNDO#TRABAJO:##

Effects#of#muscle#injury#severity#on#localized#bioimpedance#measuraments.#Physiol(Meas#

2015;36:27P42'

#

El'periodo'de' estudio' incluyó'desde' julio'de'2011'a' febrero'de'2014'

(temporadas'2011.2012,'2012.2013'y'2013.2014).''En'la'tabla'4'se'muestran'

las'características'de'los'jugadores'participantes'y'el'número'de'lesiones'que'

fueron'incluidas'en'el'segundo'trabajo.'

'

'

'

edad altura((m) peso((kg)
Lesión'de'grado'1 21 1,73 68,5
Lesión'de'grado'2 19 1,77 77,7
Lesión'de'grado'3 26 1,86 87,0
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'

TABLA# 4.#Número' de' jugadores' incluidos' en' el' estudio' en' las' tres' temporadas,' edad,' talla' y'
peso'medios.'Número'de'lesiones'estudiadas'en'cada'temporada.'

'

'

'

'

En'ambos'trabajos,'en'el'momento'de'presentarse'una'lesión'muscular'

el' jugador' era' invitado' a' participar' en' el' estudio.' En' fútbol,' una' lesión' se'

define' como' cualquier) afectación) física) de) un) jugador) que) acontece) en) un)

entrenamiento) o) en) un) partido,) independientemente) de) si) genera) una) baja)

médica.)Una)lesión)que)solo)requiere)una)intervención)médica)se)considera)una)

“atención)médica”)(medical)attention)injury))y)la)que)implica)que)el)jugador)no)

pueda)participar)en)el)siguiente)entrenamiento)o)partido)se)considera)una)“baja)

médica”)(time)loss)injury))(Fuller'et'al'2006).'Para'estos'dos' trabajos'solo' las'

lesiones'que'ocasionaron'baja'médica'fueron'tenidas'en'cuenta.'

'

Para' ello' era' imprescindible' diagnosticar' ésta' mediante' exploración'

clínica' por' parte' del' cuerpo' médico' del' FCB' y' confirmarse' mediante' una'

prueba' de' imagen' (resonancia' magnética)' a' las' 24' horas' de' la' lesión.' Para'

seguimientos' posteriores' y' a' su' vez' para' localizar' el' centro' de' la' lesión' y'

ubicar' correctamente' los' electrodos' de'medición' se' utilizó' la' ecografía.' Las'

lesiones'se'clasificaron'en'grado'1,'2'o'3'de'acuerdo'a'los'criterios'de'imagen'

por' resonancia' magnética' que' rigen' la' clasificación' actual' de' las' lesiones'

musculares.''

'

'

'

'

'

'

lesiones
jugadores edad talla.(cm) peso.(kg) musculares

estudiadas

Temporada.201192012 25 20,5%±%1,84 177,4%±%5,20 72,9%±%6,25 2

Temporada.201292013 23 20,3%±%1,81 177,1%±%5,53 73,2%±%6,46 8

Temporada.201392014 21 20,4%±%1,95 177,7%±%5,64 73,8%±%4,97 11
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2.#DIAGNÓSTICO#POR#LA#IMAGEN:#RESONANCIA#MAGNÉTICA#Y#

ECOGRAFÍA#MÚSCULO#ESQUELÉTICA#

#
# RESONANCIA# MAGNÉTICA:# Se' utilizó' un' sistema' de' RM'' de' 3T'

(Magnetom' VERIO,' Siemens' Medical' Solutions,' version' VB' 17)' con' un'

gradiente'máximo'de'fuerza'de'45'mT/m,'una'subida'de'gradiente'de''225'μs,'

una'antena'especifíca'cardiológica''con'32'canales:'16'canales'anteriores'y'16'

posteriores.'Se'utilizaron'secuencias'TSE'potenciadas'en'densidad'protónica'y'

supresión' grasa' en' planos'' sagitales' (TR' 4500'ms,' TE' 35.40'ms,' tiempo' de'

inversión'(TI)'200'ms,'tren'de'ecos'4,'ángulo'de'inclinación'120.150°,'grosor'

de'corte'de''2.5'mm,'resolución'en'plano'de'0.7.0.8×0.6'mm2,'FOV'380'x'380'

mm,'GRAPPA'2)'y'coronales'y'axiales'(TSE'T1,'TR'750'ms,'TE'24'ms,'tren'de'

ecos'4,'grosor'de'corte'2.3'mm,'resolución'en'plano'de''0.6×0.5'mm2,'FOV'380'

x'380'mm).'En'las'secuencias'de'STIR'o'de'supresión'grasa'en''T2'(secuencias'

sensibles' a' la' presencia' de' fluidos),' las' lesiones' musculares' aparecen'

hiperintensas' por' el' edema' intramuscular' o' por' la'' acumulación' de' sangre'

entre' los' extremos' de' la' rotura' muscular.' Para' mejorar' la' calidad' de' las'

imágenes' y' homogenizar' la' señal' de' los' tejidos,' se' utilizaron' paquetes'

externos'de'grasa'(fat)pads).'

#

ECOGRAFÍA# MÚSCULO# ESQUELÉTICA:# Se' utilizó' un' ecógrafo' GE'

LOGIQ'e'(General'Electrics'Healthcare,'Milwaukee,'WI;'USA)'en'modo'M,'color'

LCD'de'alta' resolución' (1024'x'768),' sonda' linear'12L'(5.13'MHz),' zoom'de'

hasta'8x,'rango'dinámico'de'30.120'dB'(con'incrementos'de'3dB)'y'FOV'(máx)'

de'39'mm.'Se'tomaron'imágenes'longitudinales'y'transversales.'
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FIGURA#10.#Configuración'de'electrodos'para'medir'la'impedancia'intrínseca'con'un'analizador'
de'impedancia'a'50'kHz'de'fase'sensible.'Clips'negros'inyectan'corriente'(I)'y'clips'rojos'miden'
voltaje'(V).'

#

#

Sin'embargo'en'algunas' lesiones'esta' configuración'general' tuvo'que'

ser' modificada.' En' lesiones' de' músculos' anatómicamente' más' profundos'

(como' las'que'se' localizan'en'el'músculo'crural)'o' lesiones'muy'extensas'en'

sentido'cráneo–caudal'(como'las'del'gemelo'medial)'los'electrodos'medidores'

de'voltaje'(V)'se'situaron'a'10'cm'proximales'y'a'10'cm'distales'al'centro'de'la'

lesión' y' los' inyectores' de' corriente' (I)' junto' a' los' anteriores' (configuración'

longitudinal)larga)' (figura'11).'En' los'aductores,'debido'a'que' la' lesión'de' la'

unión' miotendinosa' proximal' está' muy' cercana' a' la' ingle,' los' electrodos'

proximales' no' pueden' disponerse' como' anteriormente' se' presentó' y' para'

éstas'se'optó'por'colocar' los'electrodos'detectores'a'5'cm'mediales'y'a'5'cm'

laterales' al' centro' de' la' lesión' y' los' inyectores' junto' a' ellos' (configuración'

transversal)'(figura'12).''

'
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lesiones'en' las'que'se'realizó'un'seguimiento'evolutivo'(trabajo'1)'se' fueron'

realizando' determinaciones' durante' el' proceso' de' recuperación' hasta' el'

momento'del'alta'médica.'La'disposición'de'los'electrodos'se'realizó'buscando'

siempre' el' centro' de' la' lesión' mediante' imagen' ecográfica.' El' seguimiento'

evolutivo'de'R'(resistencia)'y'Xc'(reactancia)'se'representó'en'una'gráfica'R.

Xc'(R'en'el'eje'de'abscisas'y'Xc'en'el'de'ordenadas).'

'

La'medición'del'lado'de'referencia,'no'lesionado,'solo'se'realizó'en'una'

ocasión' y' se' tomó' este' valor' de' referencia' para' cálculos' de' diferencias'

porcentuales'posteriores.'Para'ello,'se'tomaron'como'referencias'estructuras'

anatómicas' (tuberosidad' isquiática,' hueco' poplíteo,' línea' posterior'

intermaleolar,'espina'ilíaca'ántero.inferior,'polo'superior'de'la'rótula'y'sínfisis'

púbica)'y'con'una'cinta'métrica'se'determinó'la'misma'ubicación'del'músculo'

lesionado'en'el'lado'contralateral.'

'

'

4.#ESTUDIO#DE#REPETIBILIDAD#Y#PATRONES#DE#NORMALIDAD#
'

' Se' tomaron' 10' jugadores' no' lesionados' para' realizar' un' test' de'

repetibilidad.' Se' definieron' 5' zonas' anatómicas,' en' grupos' musculares'

derechos'e'izquierdos,'en'las'que'habitualmente'asientan'lesiones'musculares'

(tabla' 5,' figura' 15).' En' cada' uno' de' ellos' se' realizaron' 3'medidas' de' L.BIA'

separadas'7'días' entre' ellas.' Se' escogió' este' espacio'de' tiempo'para'que' las'

condiciones' físicas' de' los' jugadores' variasen' lo' menos' posible' con' la'

introducción'de'las'cargas'de'entrenamiento'y'competición.'En'caso'de'haber'

aparecido' una' lesión' en' este' periodo' de' tiempo' en' cualquier' jugador,' este'

habría'sido'eliminado'del'estudio'de'repetibilidad.''

'

'

'

'
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TABLA#5.#10'segmentos'musculares'para' la'realización'del'test'de'repetibilidad'y'mediciones'
para'la'localización'del'centro'del'segmento'y'posterior'disposición'de'los'electrodos.'
'

'
'

FIGURA# 15:' Segmentos'musculares' estudiados'para' el' cálculo'del' coeficiente'de' variación:'A'
(tercio'proximal'del' cuádriceps),'B' (tercio'medio),'C' (tercio'proximal'de' los' isquiosurales),'D'
(tercio'medio)'y'E'(aductor).'
'
'
' La' siguiente' tabla' muestra' el' estudio' de' repetibilidad' en' el' que' se'
muestran' la' media,' desviación' estándar' y' coeficiente' de' variación' de'
resistencia' (R)' y' reactancia' (Xc)' obtenidas' en' cada' uno' de' los' 10' jugadores'
estudiados.' La' repetibilidad' de' las' medidas' (coeficiente' de' variación'
individual'de'cada'jugador)'fue'de'1,2.1,8%'excepto'en'los'aductores,'que'fue'
de'2,1'a'3,5%.'
'
'
'
'
'
'
'
'
'

centro'de'la'medida'de'referencia
1/3'proximal'cuádriceps'(derecho'e'izquierdo) a'15'cm'de'la'espina'ilíaca'ántero=inferior
1/3'medio'cuádriceps'(derecho'e'izquierdo) a'25'cm'de'la'espina'ilíaca'ántero=inferior
1/3'proximal'isquiosurales'(derecho'e'izquierdo) a'5'cm'de'la'tuberosidad'isquiática
1/3'medio'isquiosurales'(derecho'e'izquierdo) a'10'cm'de'la'tuberosidad'isquiática
Aductores'(derecho'e'izquierdo) unión'miotendinosa'proximal'localizada'por'ecografía

 5

 (A) (B)   (C)  (D)  (E) 148 

 149 

Figure 2. Anatomical areas where muscle injuries are common: 1/3 proximal quadriceps (A), 150 

1/3 medium quadriceps (B), 1/3 proximal hamstrings (C), 1/3 medium hamstrings (D) and 151 

adductor (E) These areas were tested in right and left sides. 152 

 153 

 Table 1 shows the mean, standard deviation and coefficient of variation of localized 154 

resistance and reactance measurements obtained at sites routinely injured in each of the 10 non-155 

injured players. The repeatability of the measurements (e.g., coefficient of variation) was 1.2 to 156 

1.8% except in to the adductors, which reached 2.1 to 3.5%. 157 

 158 

Table 1. Mean value (a), standard deviation (b) and coefficient of variation (c) of three replicate 159 

measurements of resistance (R) and reactance (Xc) determined with seven day intervals at 10 160 

anatomical sites of 10 uninjured football players. 161 

Quadriceps-RIGHT Quadriceps-LEFT Hamstrings-RIGHT Hamstrings-LEFT 
1/3 proximal 1/3 medium 1/3 proximal 1/3 medium 1/3 proximal 1/3 medium 1/3 proximal 1/3 medium 

Adductor 
 RIGHT 

Adductor  
LEFT 

 R (ȍ)  Xc (ȍ) R (ȍ)  Xc (ȍ) R (ȍ)  Xc (ȍ) R (ȍ) Xc (ȍ) R (ȍ) Xc (ȍ) R (ȍ) Xc (ȍ) R (ȍ) Xc (ȍ) R (ȍ)  Xc (ȍ) R (ȍ)  Xc (ȍ) R (ȍ) Xc (ȍ) 
1a 28.6 13.7 28.8 13.9 29.6 14.9 29.9 13.6 41.4 15.8 32.5 13.2 40.7 16.8 33.9 14.1 26.3 12.0 28.0 11.9 

1b 0.6 0.2 0.8 0.3 0.3 0.4 0.4 0.3 0.3 0.2 0.6 0.3 0.6 0.2 0.3 0.1 0.4 0.2 1.0 0.4 

1c 2.2 1.7 2.6 1.8 0.8 2.9 1.2 2.1 0.6 1.3 1.8 2.3 1.5 1.2 0.7 0.8 1.5 1.7 3.5 3.0 

                     

2a 39.1 12.7 34.6 11.9 38.6 12.1 39.1 12.0 44.0 12.4 35.1 11.8 50.3 14.1 38.7 12.0 35.3 11.7 34.5 12.4 

2b 0.7 0.2 0.5 0.3 0.8 0.3 0.3 0.2 0.8 0.2 0.4 0.1 1.4 0.2 1.2 0.3 0.6 0.3 0.1 0.1 

2c 1.8 1.2 1.4 2.2 2.0 2.7 0.8 1.4 1.7 1.7 1.2 1.0 2.8 1.6 3.1 2.7 1.6 2.3 0.3 0.5 

                     

3a 34.6 15.0 34.0 14.3 34.5 18.1 33.9 14.9 41.4 16.6 33.2 14.0 42.9 18.5 35.4 15.7 35.4 14.1 34.9 14.7 

3b 0.2 0.3 0.7 0.2 0.3 0.3 0.6 0.4 0.8 0.4 0.4 0.2 1.0 0.3 0.5 0.1 0.7 0.4 0.4 0.1 

3c 0.4 1.7 2.1 1.6 1.0 1.4 1.6 2.9 1.9 2.5 1.2 1.1 2.4 1.9 1.5 0.6 1.9 2.5 1.2 0.8 

                     

4a 39.6 13.8 41.9 11.7 39.5 15.2 41.3 11.4 50.1 14.1 41.7 10.2 46.6 15.2 43.9 13.2 40.4 12.4 42.9 13.5 

4b 0.8 0.5 0.8 0.2 0.1 0.1 0.2 0.1 1.1 0.3 0.2 0.1 1.0 0.3 0.2 0.2 3.2 0.7 1.7 0.2 

4c 2.0 3.4 2.0 1.8 0.3 0.4 0.6 0.9 2.2 2.2 0.5 1.1 2.2 1.7 0.3 1.6 7.8 5.6 4.0 1.3 

                     

5a 31.3 12.3 33.2 14.2 31.0 12.9 33.1 13.6 44.7 17.0 36.5 13.9 45.8 18.6 35.4 12.4 33.3 12.7 34.0 14.1 

5b 0.9 0.5 0.2 0.2 0.5 0.5 1.0 0.4 0.8 0.3 0.4 0.1 0.7 0.3 0.6 0.0 1.8 0.5 2.2 0.7 

5c 2.8 4.2 0.6 1.1 1.5 3.5 2.9 2.9 1.9 1.8 1.0 0.8 1.5 1.4 1.6 0.0 5.4 3.5 6.4 5.2 

                     

6a 29.1 13.1 29.8 12.7 29.4 12.6 27.7 11.5 30.5 13.3 31.5 14.1 35.7 15.2 30.1 11.8 26.0 11.9 26.5 12.5 

6b 0.5 0.1 0.3 0.3 0.9 0.4 0.4 0.3 1.0 0.5 0.1 0.1 0.4 0.1 0.3 0.3 0.9 0.2 0.5 0.1 

6c 1.7 0.8 0.8 2.5 3.1 2.9 1.3 2.2 3.3 3.5 0.3 0.8 1.0 0.8 1.1 2.2 3.5 1.7 1.8 0.5 

                     

7a 44.3 14.7 47.0 15.0 43.9 14.8 50.2 14.6 52.9 14.1 45.4 13.5 53.4 13.2 50.2 13.4 43.0 14.8 46.8 14.6 

7b 0.4 0.2 0.8 0.2 0.2 0.4 1.0 0.1 0.9 0.3 0.7 0.2 0.8 0.3 0.4 0.1 1.7 0.3 0.9 0.1 

7c 0.8 1.0 1.6 1.0 0.5 2.4 2.0 0.4 1.7 2.0 1.5 1.1 1.5 2.0 0.7 0.4 3.9 2.0 1.9 0.8 

                     

8a 44.1 12.3 46.6 13.6 41.5 14.1 46.6 13.3 46.2 13.0 38.5 12.4 48.9 15.1 41.5 13.3 42.9 13.4 41.7 13.9 

8b 0.6 0.1 0.8 0.2 1.0 0.2 0.2 0.2 0.7 0.3 0.5 0.2 0.2 0.0 0.9 0.3 1.8 0.4 1.6 0.7 

8c 1.4 0.9 1.7 1.3 2.4 1.2 0.3 1.1 1.6 1.9 1.3 1.2 0.3 0.0 2.1 1.9 4.3 2.8 3.8 4.7 

                     

9a 30.6 16.9 30.2 14.7 30.2 15.5 29.2 15.1 33.5 16.0 28.4 13.8 35.0 17.7 27.9 14.1 22.9 13.0 25.7 13.3 

9b 0.1 0.3 0.4 0.1 0.2 0.3 0.2 0.2 0.1 0.2 0.2 0.2 1.1 0.6 0.1 0.2 0.9 0.5 0.5 0.3 

9c 0.2 1.7 1.2 0.7 0.7 1.9 0.7 1.1 0.3 1.0 0.7 1.3 3.1 3.3 0.4 1.2 4.0 3.5 1.8 1.9 

                     

10a 27.3 13.7 27.5 13.0 27.8 14.9 27.6 13.1 33.1 15.0 30.5 14.1 35.1 16.4 31.6 15.3 26.0 12.6 25.2 12.1 

10b 0.3 0.3 0.5 0.3 0.6 0.5 0.1 0.1 0.2 0.0 0.2 0.1 0.3 0.2 1.0 0.3 0.2 0.3 0.8 0.3 

10c 0.9 1.9 1.9 2.0 2.2 3.3 0.4 0.4 0.6 0.0 0.7 0.8 0.9 1.3 3.0 1.6 0.9 2.0 3.2 2.5 
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TABLA# 6.# Media' (a),' desviación' estándar' (b)' y' coeficiente' de' variación' (c)' de' 3' medidas'
repetidas' de' resistencia' (R)' y' reactancia' (Xc)' separadas' entre' ellas' 7' días' en' 10' áreas'
anatómicas'de'10'jugadores'de'fútbol'profesionales'no'lesionados.'
'

#
# #
' Partiendo' de' las'medidas' realizadas' para' el' estudio' de' repetibilidad,' se'
obtienen'las'diferencias'consideradas'como'normales'en'un'mismo'segmento'
muscular,' derecho' e' izquierdo,' de' los' parámetros' de' L.BIA' (R' y' Xc).' A'
continuación' se' muestra' el' valor' de' diferencia' (asimetría)' normal' entre' un'
músculo'y'su'homónimo'contralateral'con'2'desviaciones'estándar.'Aplicando'
2SD'se'aporta'mayor'rigurosidad'al'método'de'medida. 
#

#
' ''
'
'
'

R"(Ω)" Xc"(Ω) R"(Ω)" Xc"(Ω) R"(Ω)" Xc"(Ω) R"(Ω)" Xc"(Ω) R"(Ω)" Xc"(Ω) R"(Ω)" Xc"(Ω) R"(Ω)" Xc"(Ω) R"(Ω)" Xc"(Ω) R"(Ω)" Xc"(Ω) R"(Ω)" Xc"(Ω)

1a 28,6 13,7 28,8 13,9 29,6 14,9 29,9 13,6 41,4 15,8 32,5 13,2 40,7 16,8 33,9 14,1 26,3 12 28 11,9
1b 0,6 0,2 0,8 0,3 0,3 0,4 0,4 0,3 0,3 0,2 0,6 0,3 0,6 0,2 0,3 0,1 0,4 0,2 1 0,4
1c 2,2 1,7 2,6 1,8 0,8 2,9 1,2 2,1 0,6 1,3 1,8 2,3 1,5 1,2 0,7 0,8 1,5 1,7 3,5 3

2a 39,1 12,7 34,6 11,9 38,6 12,1 39,1 12 44 12,4 35,1 11,8 50,3 14,1 38,7 12 35,3 11,7 34,5 12,4
2b 0,7 0,2 0,5 0,3 0,8 0,3 0,3 0,2 0,8 0,2 0,4 0,1 1,4 0,2 1,2 0,3 0,6 0,3 0,1 0,1
2c 1,8 1,2 1,4 2,2 2 2,7 0,8 1,4 1,7 1,7 1,2 1 2,8 1,6 3,1 2,7 1,6 2,3 0,3 0,5

3a 34,6 15 34 14,3 34,5 18,1 33,9 14,9 41,4 16,6 33,2 14 42,9 18,5 35,4 15,7 35,4 14,1 34,9 14,7
3b 0,2 0,3 0,7 0,2 0,3 0,3 0,6 0,4 0,8 0,4 0,4 0,2 1 0,3 0,5 0,1 0,7 0,4 0,4 0,1
3c 0,4 1,7 2,1 1,6 1 1,4 1,6 2,9 1,9 2,5 1,2 1,1 2,4 1,9 1,5 0,6 1,9 2,5 1,2 0,8

4a 39,6 13,8 41,9 11,7 39,5 15,2 41,3 11,4 50,1 14,1 41,7 10,2 46,6 15,2 43,9 13,2 40,4 12,4 42,9 13,5
4b 0,8 0,5 0,8 0,2 0,1 0,1 0,2 0,1 1,1 0,3 0,2 0,1 1 0,3 0,2 0,2 3,2 0,7 1,7 0,2
4c 2 3,4 2 1,8 0,3 0,4 0,6 0,9 2,2 2,2 0,5 1,1 2,2 1,7 0,3 1,6 7,8 5,6 4 1,3

5a 31,3 12,3 33,2 14,2 31 12,9 33,1 13,6 44,7 17 36,5 13,9 45,8 18,6 35,4 12,4 33,3 12,7 34 14,1
5b 0,9 0,5 0,2 0,2 0,5 0,5 1 0,4 0,8 0,3 0,4 0,1 0,7 0,3 0,6 0 1,8 0,5 2,2 0,7
5c 2,8 4,2 0,6 1,1 1,5 3,5 2,9 2,9 1,9 1,8 1 0,8 1,5 1,4 1,6 0 5,4 3,5 6,4 5,2

6a 29,1 13,1 29,8 12,7 29,4 12,6 27,7 11,5 30,5 13,3 31,5 14,1 35,7 15,2 30,1 11,8 26 11,9 26,5 12,5
6b 0,5 0,1 0,3 0,3 0,9 0,4 0,4 0,3 1 0,5 0,1 0,1 0,4 0,1 0,3 0,3 0,9 0,2 0,5 0,1
6c 1,7 0,8 0,8 2,5 3,1 2,9 1,3 2,2 3,3 3,5 0,3 0,8 1 0,8 1,1 2,2 3,5 1,7 1,8 0,5

7a 44,3 14,7 47 15 43,9 14,8 50,2 14,6 52,9 14,1 45,4 13,5 53,4 13,2 50,2 13,4 43 14,8 46,8 14,6
7b 0,4 0,2 0,8 0,2 0,2 0,4 1 0,1 0,9 0,3 0,7 0,2 0,8 0,3 0,4 0,1 1,7 0,3 0,9 0,1
7c 0,8 1 1,6 1 0,5 2,4 2 0,4 1,7 2 1,5 1,1 1,5 2 0,7 0,4 3,9 2 1,9 0,8

8a 44,1 12,3 46,6 13,6 41,5 14,1 46,6 13,3 46,2 13 38,5 12,4 48,9 15,1 41,5 13,3 42,9 13,4 41,7 13,9
8b 0,6 0,1 0,8 0,2 1 0,2 0,2 0,2 0,7 0,3 0,5 0,2 0,2 0 0,9 0,3 1,8 0,4 1,6 0,7
8c 1,4 0,9 1,7 1,3 2,4 1,2 0,3 1,1 1,6 1,9 1,3 1,2 0,3 0 2,1 1,9 4,3 2,8 3,8 4,7

9a 30,6 16,9 30,2 14,7 30,2 15,5 29,2 15,1 33,5 16 28,4 13,8 35 17,7 27,9 14,1 22,9 13 25,7 13,3
9b 0,1 0,3 0,4 0,1 0,2 0,3 0,2 0,2 0,1 0,2 0,2 0,2 1,1 0,6 0,1 0,2 0,9 0,5 0,5 0,3
9c 0,2 1,7 1,2 0,7 0,7 1,9 0,7 1,1 0,3 1 0,7 1,3 3,1 3,3 0,4 1,2 4 3,5 1,8 1,9

10a 27,3 13,7 27,5 13 27,8 14,9 27,6 13,1 33,1 15 30,5 14,1 35,1 16,4 31,6 15,3 26 12,6 25,2 12,1
10b 0,3 0,3 0,5 0,3 0,6 0,5 0,1 0,1 0,2 0 0,2 0,1 0,3 0,2 1 0,3 0,2 0,3 0,8 0,3
10c 0,9 1,9 1,9 2 2,2 3,3 0,4 0,4 0,6 0 0,7 0,8 0,9 1,3 3 1,6 0,9 2 3,2 2,5

Adductor"
LEFT1/3"proximal 1/3"medium 1/3"proximal 1/3"medium 1/3"proximal 1/3"medium 1/3"proximal 1/3"medium

Adductor
"RIGHT

QuadricepsJRIGHT QuadricepsJLEFT HamstringsJRIGHT HamstringsJLEFT
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TABLA#7.#Diferencias'consideradas'como'normales'entre'segmentos'musculares'no'lesionados,'
derechos' e' izquierdos,' de' R' y' Xc' medidos' en' 5' localizaciones' musculares' en' 10' jugadores'
distintos.'

'

#

#

#

5.#ANÁLISIS#ESTADÍSTICOS#

#

PRIMER#TRABAJO:#

Localized#bioimpedance#to#assess#muscle#injury.#Physiol(Meas#2013;34:237P245#

'

La' serie' de' valores' de' R' y' Xc' representados' como' vector' de'

impedancia' del'músculo' lesionado' se' representaron' en' un' gráfico' R.Xc.' Los'

valores' de' referencia' se' muestran' para' comparar' el' resto' de' valores:' el'

obtenido' a' las' 24' horas' de' la' lesión' y' los' obtenidos' durante' el' proceso' de'

recuperación' hasta' el' alta' médica' y' la' vuelta' a' la' competición.' El' grado' de'

severidad'de' la' lesión'viene'dado'por'el'porcentaje'de'cambio'de' los'valores'

de'BIA'respecto'a'los'valores'de'referencia.'

'

'

SEGUNDO#TRABAJO:##

Effects#of#muscle#injury#severity#on#localized#bioimpedance#measuraments.#Physiol(Meas#

2015;36:27P42#

'

El'rango'de'normalidad'(media'±'2SD)'o'variabilidad'de'los'valores'de'

R' y' Xc' se' tomó' de' 5' áreas' anatómicas' donde' las' lesiones' musculares' son'

ΔR#(Ω) ΔXc#(Ω) %#R %#Xc
media 0,1 )0,2 )0,5 )1,3
2SD 1,9 1,6 5,9 10,4
media )0,7 0,2 )1,9 1,4
2SD 4,2 1,0 11,2 6,9
media )0,8 )0,8 )2,6 )5,5
2SD 6,2 1,8 14,8 12,9
media )1,7 )0,3 )4,3 )2,5
2SD 4,2 1,9 10,6 13,8
media )0,2 )0,3 )1,5 )2,0
2SD 5,4 0,7 16,9 5,7

1/35medio5isquiosurales

Aductor

Diferencia Diferencia

1/35proximal5cuádriceps

1/35medio5cuádriceps

1/35proximal5isquiosurales
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habituales.'La'amplia'variabilidad'en'los'valores'de'BIA'(por'encima'de'17%)'
refleja'grandes'diferencias'interindividuales'en'la'masa'muscular'de'cada'área'
localizada.'

'
Los'valores'se'presentan'con'media'±'SD'para'las'lesiones'de'grado'1,'

2' y' 3.' Solamente' se' dieron' 2' lesiones' de' 3er' grado' durante' el' periodo' de'
estudio.'Los'parámetros'de'BIA'(R,'Xc'y'PA)'tomados'en'el'lado'contralateral'
no'lesionado'y'los'valores'de'lesión'se'obtuvieron'a'las'24'horas'de'la'lesión.'El'
grado'de'severidad'de'la'lesión'viene'dado'por'el'porcentaje'de'cambio'de'los'
valores'de'BIA'respecto'a'los'valores'de'referencia.'
'
' La'normalidad'de'la'distribución'de'las'variables'se'examinó'con'el'test'
de'Shapiro.Wilk'y'la'homogeneidad'de'las'varianzas'con'el'test'de'Levene.'Un'
análisis' estadístico' ANOVA' one.way' con' un' test' Scheffé' post.hoc' se' utilizó'
para'la'determinación'diferencias'estadísticamente'significativas'entre'el'%'de'
diferencia' en' R,' Xc' y' PA' y' lesiones' de' 1er,' 2º' y' 3er' grado.' También' un' test'
ANOVA' one.way' para' determinar' diferencias' estadísticamente' significativas'
entre'R,'Xc'y'PA'entre'el'lado'no'lesionado'y'la'lesión'de'grado'1,'2'y'3.'En'este'
segundo' análisis' no' se' pudo' aplicar' un' test' Scheffé' post.hoc' puesto' que' la'
muestra' fue' dividida' en' 2' grupos:' lesiones' y' no' lesiones.' La' significación'
estadística'se'marcó'en'p<0,05.'
'

El' software' estadístico' IBM®'SPSS®'versión'20.0' (Armonk,'NY:' IBM'
Corp,' USA)' se' usó' para' determinar' la' estadística' descriptiva' y' los' análisis'
estadísticos'mostrados'anteriormente.'
'
#
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RESULTADOS*
*
*
PRIMER*TRABAJO:*
Localized*bioimpedance*to*assess*muscle*injury.*Physiol(Meas*2013;34:237K245*

'

' En'la'siguiente'tabla'se'detallan'los'resultados'de'los'cambios'en'la'L.

BIA'en'una'lesión'de'grado'1,'una'de'grado'2'y'una'de'grado'3;'estudiadas'en'3'

jugadores'diferentes.'

'
TABLA*8.*%'de'diferencia'de'los'parámetros'de'L.BIA'en'las'3'lesiones'musculares'estudiadas.'
Se'detallan'también'las'características'de'las'lesiones'y'las'de'los'futbolistas'estudiados.'
'

'
'

' Los'%'de'diferencia'en'R,'Xc'y'PA'que'se'observan'son'mayores'cuanto'

más' severa' es' la' lesión,' siendo' la' Xc' el' parámetro' que' sufre' un' cambio' de'

mayor'magnitud.'

'

' En'las'tablas'y'las'figuras'siguientes'se'muestran'las'mediciones'de'L.

BIA' realizadas' durante' el' periodo' de' recuperación' de' estas' 3' lesiones' y' las'

imágenes'de'RM'de'cada'una'de'ellas.'
'

'

'

'

'

'

'

'

'

'
'

'

!ID edad altura!(m) peso!(kg) R!(Ω) Xc!(Ω) PA!(°) R!(Ω) Xc!(Ω) PA!(°) R! Xc PA

!Gr!1 21 1,73 68,5 37,0 13,0 19,3 42,0 17,0 22,0 /11,9 /23,5 /12,1

!Gr!2 19 1,77 77,7 54,0 13,0 13,5 68,0 19,0 15,6 /20,6 /31,6 /13,3

!Gr!3 26 1,86 87,0 51,5 11,0 12,0 67,0 20,0 16,6 /23,1 /45,1 /27,6

Hematoma!intramuscular!en!compartimento!de!peroneos!laterales!en!pierna!derecha

músculo!lesionado referencia!contralateral %!de!diferencia

Porción!larga!del!bíceps!femoral!proximal!izquierdo!(isquiosurales)

Aponeurosis!común!entre!soleo!y!gemelo!medial!(tennis&leg )!derechos
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TABLA* 9.*Valores'de' los'parámetros'de' impedancia' en'el'momento'de' la' lesión'y'durante' el'
periodo'de'recuperación'en'una' lesión'de'grado'1'(porción'proximal' larga'del'bíceps' femoral'

izquierdo).' Asimismo' se'muestran' los'%' de' diferencia' en' la' lesión' y' en' el'momento' del' alta'

médica.'

'
'

'

'

'

'

'

'

'

'

'

'

FIGURA*16.*Gráfica'R.Xc'en'la'que'se'muestra'la'evolución'de'los'parámetros'de'impedancia'(R'
y'Xc)'durante'el'periodo'de'recuperación'de'esta'lesión'de'grado'1.'

'

' '

FIGURA*17.* Imágenes'de'RM'(secuencia'T2'con'supresión'grasa).'Corte'axial'y'coronal'de'una'
lesión'de'1er'grado'(porción'proximal'larga'del'bíceps'femoral'izquierdo).'Las'flechas'muestran'

áreas'de'hiperseñal'que'traducen'la'presencia'de'pequeñas'áreas'de'edema.'

'

'

'

Lesión de grado 1 R"(Ω) Xc"(Ω) PA"(°)
músculo"lesionado 37,0 13,0 19,3
referencia"contralateral 42,0 17,0 22,0
%"de"diferencia"(1) )11,9 )23,5 )12,1
5"días"post"lesión 41,0 15,0 20,1
9"días"post"lesión"(alta"médica) 40,0 15,9 21,7
%"de"diferencia"(2) )4,7 )6,4 )1,3

(1).%.de.diferencia.en.el.momento.de.la.lesión.
(2).%.de.diferencia.en.el.momento.del.alta.médica
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(A) (B)

Figure 6. Fat-suppressed T2-weighted axial image; (A) shows minimal edema involving a small
area of the left biceps femoris and fat-suppressed T2-weighted coronal image; (B) shows minimal
abnormal signal of hyperintensity involving the proximal muscle-tendon junction of the long head
of the left biceps femoris (arrows). The scar on the right side is an old muscle injury (arrow).

Figure 7. Bioimpedance vector displacement before injury, during recovery process and after
grade I muscle injury (return-to-play). △ 5 days post injury, • 9 days post injury (return-to-play).

3.3. Grade I muscle injury

A third football player (age: 21 years; height: 1.73 m; weight: 68.5 kg) had a strain in his left
musculotendinous junction of the long head of the biceps femoris muscle proximally during a
match (figure 6).

Relatively modest decreases in R and Xc were observed with this grade I injury (11.9%
and 23.5% respectively) and increased to near pre-injury values until return-to-play (table 3).
The phase angle decreased by 12.2% after injury and returned to the pre-injury value at
return-to-play (figure 7).

4. Discussion and conclusion

Trauma to soft tissues adversely affects fluid distribution and cell structure (Järvinen et al
2005). Localized BIA affords a safe, non-invasive and practical method for routine assessment
of perturbations in skeletal muscle because it measures electrical variables that reflect
pathophysiological changes. The present study describes the novel application of localized
BIA measurements of muscle groups and reports changes in regional R, Xc and PA consistent
with reference MRI diagnoses of muscle injury severity.
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TABLA*10.*Valores'de'los'parámetros'de'impedancia'en'el'momento'de'la' lesión'y'durante'el'
periodo'de'recuperación'de'la'misma'en'una'lesión'de'grado'2'(aponeurosis'común'entre'soleo'
y'gemelo'medial'–'tennis&leg'–'derechos).'Asimismo'se'muestran'los'%'de'diferencia'en'la'lesión'
y'en'el'momento'del'alta'médica.'
'

'
'
'
'
'
'

'
'
'
'
'
'
'
'
'

'
FIGURA*18.*Gráfica'R.Xc'en'la'que'se'muestra'la'evolución'de'los'parámetros'de'impedancia'(R'
y'Xc)'durante'el'periodo'de'recuperación'de'esta'lesión'de'grado'2.''''''''''
'
'

' '
'

FIGURA*19.* Imágenes'de'RM'(secuencia'T2'con'supresión'grasa).'Corte'axial'y'coronal'de'una'
lesión'de'2º'grado'(lesión'de' la'aponeurosis'común'entre'soleo'y'gemelo'medial'–'tennis&leg' .'
derecha).'Las'flechas'muestran'el'despegamiento'de'la'aponeurosis'entre'ambos'músculos'y'la'
ocupación'por'una'fina'banda'líquida'de'edema.'

Lesión de grado 2 R"(Ω) Xc"(Ω) PA"(°)
músculo"lesionado 54,0 13,0 13,5
referencia"contralateral 68,0 19,0 15,6
%"de"diferencia"(1) *20,6 *31,6 *13,3
13"días"post"lesión 56,0 14,0 14,0
20"días"post"lesión 63,0 16,0 14,3
30"días"post"lesión"(alta"médica) 64,0 18,0 15,7
%"de"diferencia"(2) *6,2 *5,5 0,6

(1)/%/de/diferencia/en/el/momento/de/la/lesión/
(2)/%/de/diferencia/en/el/momento/del/alta/médica
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Figure 5. Bioimpedance vector displacement before injury, during recovery process and after
grade II muscle injury. ! 13 days post injury, △ 20 days post injury, • 30 days post injury
(return-to-play).

Table 1. Bioimpedance parameters in response to injury and recovery in a football player with a
grade III muscle injury.

R (!) Xc (!) PA (◦)

Non-injury 67.0 20.0 16.6
Injury measure (24 h post direct trauma) 51.5 11.0 12.0
13 days post surgical intervention 65.0 12.0 10.5
16 days post surgical intervention 68.0 13.0 10.8
30 days post surgical intervention 66.0 13.0 11.1
75 days post surgical intervention (return-to-play) 65.0 17.0 14.7

Table 2. Bioimpedance parameters in response to injury and recovery in a football player with a
grade II muscle injury.

R (!) Xc (!) PA (◦)

Non-injury 68.0 19.0 15.6
Injury measure (24 h post injury) 54.0 13.0 13.5
13 days post injury 56.0 14.0 14.0
20 days post injury 63.0 16.0 14.3
30 days post injury (return-to-play) 64.0 18.0 15.7

Table 3. Bioimpedance parameters in response to injury and recovery in football player with a
grade I muscle injury.

R (!) Xc (!) PA (◦)

Non-injury 42.0 17.0 22.0
Injury measure (24 h post injury) 37.0 13.0 19.3
5 days post injury 41.0 15.0 20.1
9 days post injury (return-to-play) 40.0 15.9 21.7

Serial measurements of localized BIA before and after grade II muscle injury (table 2)
revealed a decrease in R and Xc values immediately after injury (20.6% and 31.6%,
respectively) and a 13.3% reduction in PA with a gradual increase in values during recovery
to near pre-injury levels (figure 5).
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'
TABLA*11.*Valores'de'los'parámetros'de'impedancia'en'el'momento'de'la' lesión'y'durante'el'
periodo'de' recuperación'de' la'misma' en'una' lesión'de' grado'3' (hematoma' intramuscular' en'
compartimento' de' peroneos' laterales' en' pierna' derecha).' Asimismo' se' muestran' los' %' de'
diferencia'en'la'lesión'y'en'el'momento'del'alta'médica.'
'

'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
FIGURA*20.*Gráfica'R.Xc'en'la'que'se'muestra'la'evolución'de'los'parámetros'de'impedancia'(R'
y'Xc)'durante'el'periodo'de'recuperación'de'esta'lesión'de'grado'3.'
'
'
'
'
'
'
'
'

Lesión de grado 3 R"(Ω) Xc"(Ω) PA"(°)
músculo"lesionado 51,5 11,0 12,0
referencia"contralateral 67,0 20,0 16,6
%"de"diferencia"(1) (23,1 (45,1 (27,6
13"días"post"IQ 65,0 12,0 10,5
16"días"post"IQ 68,0 13,0 10,8
30"días"post"IQ 66,0 13,0 11,1
75"días"post"IQ"(alta"médica) 65,0 17,0 14,7
%"de"diferencia"(2) (3,0 (15,0 (11,4

(1).%.de.diferencia.en.el.momento.de.la.lesión.
(2).%.de.diferencia.en.el.momento.del.alta.médica
post.IQ:.post.intervención.quirúrgica
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(A) (B)

Figure 2. Magnetic resonance image of grade III muscle injury. Fat-suppressed T2-weighted axial
image (A) shows a hematoma in the lateral compartment of the right leg with damage to the peroneal
muscle group (arrow). Fat-suppressed T2-weighted coronal image (B) shows the presence of the
hematoma and the architectural distortion of the muscle fibers (arrow).

Figure 3. Bioimpedance vector displacement before injury, during recovery and after grade III
muscle injury. ! 13 days post surgical intervention, ◦ 16 days post surgical intervention, ♦ 30 days
post surgical intervention, • 75 days post surgical intervention (return-to-play).

(A) (B)

Figure 4. Fat-suppressed T2-weighted axial (A) and coronal (B) image show a detachment of the
right medial gastrocnemius from their common aponeurosis with the soleus. Hemorrhagic fluid is
shown as a hyper-intense signal between the muscles (arrows). The scar in the common aponeurosis
of the left calf resulted from a previous muscle injury (arrows).
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' '
'
FIGURA*21.* Imágenes'de'RM'(secuencia'T2'con'supresión'grasa).'Corte'axial'y'coronal'de'una'
lesión' de' 3er' grado' (hematoma' intramuscular' en' compartimento' de' peroneos' laterales).' Las'
flechas'muestran' una' importante' colección' hemática' que' se' pone' de'manifiesto' por' intensas'
áreas'de'hiperseñal.'
'
'
'
SEGUNDO*TRABAJO:**
Effects*of*muscle*injury*severity*on*localized*bioimpedance*measuraments.*Physiol(Meas*

2015;36:27K42'

*
*

En' este' trabajo' se' aumentó' el' número' de' lesiones.' Se' estudiaron' un'

total' de' 21' lesiones' musculares:' 11' lesiones' de' 1er' grado,' 8' lesiones' de' 2º'

grado'2'y'2'de'3er'grado.'

*
*
Lesiones*de*grado*1*
*
* Las'siguientes'figuras'muestran'las'imágenes'de'resonancia'magnética'

(cortes'axiales'y'coronales'en'secuencias'T2'con'supresión'grasa)'de'cada'uno'

de'los'tipos'de'lesiones'de'1er'grado'estudiadas.'Las'flechas'muestran'áreas'de'

hiperseñal'que'traducen'la'presencia'de'pequeñas'áreas'de'edema.'

'

'
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'
*
FIGURA*22.*Lesión'de'1er'grado'de'la'porción'proximal'larga'del'bíceps'femoral'izquierdo.'
'
'

'' '
*
FIGURA*23.*Lesión'de'1er'grado'en'el'semimembranoso'distal'izquierdo.''
'
'
'

' '
'
FIGURA*24.'Lesión'de'1er'grado'de'la'porción'distal'larga'del'bíceps'femoral'izquierdo.'
'
'
'
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''' '
'
FIGURA*25.'Lesión'de'1er'grado'de'la'unión'miotendinosa'proximal'del'aductor'medio'derecho.''
'
'
'
'

'' '
'
FIGURA* 26.' Lesión' de' 1er' grado' de' la' porción' indirecta' del' recto' anterior' del' cuádriceps'
izquierdo.'
'
'
'
' La'siguiente'tabla'muestra'las'lesiones'de'1er'grado'con'los'resultados'

de'los'parámetros'de'L.BIA,'los'valores'de'referencia'contralaterales'y'el'%'de'

disminución.''

'
'
'
'
'
'
'
'
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TABLA*12.'Lesiones'de'1er'grado'(n=11)'estudiadas.'Se'muestran'los'valores'de'los'parámetros'
de' L.BIA' de' la' lesión' muscular,' las' valores' del' segmento' muscular' contralateral' sano'
(referencia)'y'el'%'de'disminución'entre'ellos.'
'

'
'
'
'
'
'

Lesiones*de*grado*2*
*
* Las'siguientes'figuras'muestran'las'imágenes'de'resonancia'magnética'

(cortes'axiales'y'coronales'en'secuencias'T2'con'supresión'grasa)'de'cada'uno'

de' los' tipos' de' lesiones' de' 2º' grado' estudiadas.' Las' flechas' ponen' de'

manifiesto'extensas'áreas'de'edema.'

'
'

!ID edad altura!(m) peso!(kg) R!(Ω) Xc!(Ω) PA!(°) R!(Ω) Xc!(Ω) PA!(°) R! Xc PA

Gr1.1 22 1,73 68,7 37,0 13,0 19,4 42,0 17,0 22,0 .11,9 .23,5 .12,1
Gr1.2 19 1,72 61,8 32,0 10,0 17,4 34,0 13,0 20,9 .5,9 .23,1 .17,1
Gr1.3 19 1,76 70,0 38,5 13,6 19,5 44,8 17,3 21,1 .14,1 .21,4 .7,9
Gr1.4 22 1,73 67,0 52,0 11,2 12,2 59,4 14,2 13,4 .12,5 .21,1 .9,6
Gr1.5 19 1,75 70,2 35,0 12,0 18,9 38,6 15,2 21,5 .9,3 .21,1 .12,0

Gr1.6 18 1,77 64,6 41,5 12,6 16,9 48,7 15,0 17,1 .14,8 .16,0 .1,3

Gr1.7 19 1,7 66,3 43,0 16,0 20,4 47,0 18,0 21,0 .8,5 .11,1 .21,6

Gr1.8 17 1,65 66,9 34,6 11,9 19,0 37,4 14,0 20,5 .7,5 .15,0 .7,5

Gr1.9 22 1,74 70,4 28,0 13,0 24,9 31,0 15,0 25,8 .9,7 .13,3 .3,5

Gr1.10 18 1,81 75,6 26,0 12,0 24,8 29,0 14,0 25,8 .10,3 .14,3 .3,9

Gr1.11 19 1,71 69,0 29,0 14,0 25,8 32,0 16,0 26,6 .9,4 .12,5 .3,0

Porción6larga6del6bíceps6femoral6distal6izquierdo6(isquiosurales),6n=1

Aductor6medio6proximal6izquierdo6(aductores),6n=1

Aductor6medio6proximal6derecho6(aductores),6n=1

Porción6indirecta6(lesión6septal)6del6recto6anterior6izquierdo6(cuádriceps),6n=1

músculo!lesionado referencia!contralateral %!de!diferencia

Porción6larga6del6bíceps6femoral6proximal6izquierdo6(isquiosurales),6n=5

Porción6larga6del6bíceps6femoral6proximal6derecho6(isquiosurales),6n=1

Semimembranoso6distal6izquierdo6(isquiosurales),6n=1
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'' '
'

FIGURA*27.'Lesión'de' la'unión'miotendinosa'proximal'de' la'porción' larga'del'bíceps' femoral'
derecho.' En' el' corte' coronal' se' puede' apreciar' que' la' unión' miotendinosa' proximal,' en' su'
segmento'más'alto,'tiene'un'aspecto'flácido.''
'
'

'' '
'

FIGURA*28.'Lesión'de'2º'grado'de'la'unión'miotendinosa'distal'del'semimembranoso'derecho.''
'
'
'

' '' '
'

FIGURA* 29.' Lesión' de' la' unión' miotendinosa' distal' de' la' porción' larga' del' bíceps' femoral'
derecho.''
'
'
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' '
'

FIGURA*30.*Lesión'de'la'unión'miotendinosa'distal'del'aductor'medio'del'muslo'izquierdo.'
'

'

'

'' '
'

FIGURA*31.'Lesión'de'la'unión'miotendinosa'proximal'del'tendón'indirecto'del'recto'anterior'
del' cuádriceps' derecho' en' la' que' se' puede' apreciar' una' pérdida' de' la' tensión' normal' del'

tabique'intramuscular.'

'

'

'' '
'

FIGURA*32.'Lesión'miofascial'del'recto'anterior'del'cuádriceps'izquierdo.'
'

'

'
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La'siguiente'tabla'muestra'las'lesiones'de'2º'grado'con'los'resultados'

de'los'parámetros'de'L.BIA,'los'valores'de'referencia'contralaterales'y'el'%'de'

disminución.'

'
'

TABLA*13.'Lesiones'de'2º'grado'(n=8)'estudiadas.'Se'muestran'los'valores'de'los'parámetros'
de' L.BIA' de' la' lesión' muscular,' las' valores' del' segmento' muscular' contralateral' sano'
(referencia)'y'el'%'de'disminución'entre'ellos.'
'

'
'

'
'
'
'
Lesiones*de*grado*3*
*
* Las'siguientes'figuras'muestran'las'imágenes'de'resonancia'magnética'

(cortes'axiales'y'coronales'en'secuencias'T2'con'supresión'grasa)'de'cada'uno'

de'los'tipos'de'lesiones'de'3er'grado'estudiadas.'

'
'

ID edad altura*(m) peso*(kg) R*(Ω) Xc*(Ω) PA*(°) R*(Ω) Xc*(Ω) PA*(°) R* Xc PA

Gr2.1 18 1,85 71,9 34,4 12,2 19,5 43,3 20,8 25,7 .20,6 .41,3 .23,9

Gr2.2 19 1,81 75,6 27,7 7,3 14,6 39,6 14,3 19,8 .30,1 .49,0 .26,3

Gr2.3 23 1,75 71,2 37,6 12,3 18,1 43,2 16,7 21,1 .13,0 .26,3 .14,3

Gr2.4 23 1,75 71,2 28,9 9,5 18,2 37,6 12,7 18,7 .23,1 .25,2 .2,5

Gr2.5 20 1,8 68,8 24,6 9,7 21,6 29,3 15,3 27,5 .16,0 .36,6 .21,5
Gr2.6 22 1,81 74,2 36,0 10,0 15,5 44,0 14,0 17,7 .18,2 .28,5 .12,0

Gr2.7 20 1,8 68,8 25,4 9,3 20,1 29,3 13,4 24,6 .13,3 .30,6 .18,2
Gr2.8 20 1,82 82,0 32,4 11,1 18,9 37,2 15,0 22,0 .12,9 .26,0 .13,9

Aductor6medio6distal6izquierdo6(aductores),6n=1

Porción6indirecta6(lesión6septal)6del6recto6anterior6derecho6(cuádriceps),6n=2

Fascia6posterior6del6recto6anterior6izquierdo6(cuádriceps),6n=2

músculo*lesionado referencia*contralateral %*de*diferencia

Porción6larga6del6bíceps6femoral6proximal6derecho6(isquiosurales),6n=1

Semimembranoso6proximal6derecho6(isquiosurales),6n=1

Porción6larga6del6bíceps6femoral6distal6derecho6(isquiosurales),6n=1
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'' '
'

FIGURA*33.'Cortes'axial'y'coronal'en'una'lesión'de'3er'grado'del'músculo'crural'izquierdo'en'el'
que' las' flechas' ponen' de' manifiesto' la' presencia' de' edema' y' el' asterisco' muestra' una'
importante'desestructuración'del'tejido'muscular'en'forma'de'cavidad.'
'
'
'

'' '
'

FIGURA*34.'Cortes'axial'y'coronal'en'una'lesión'del'vasto'externo'derecho.'El'asterisco'pone'de'
manifiesto' la' presencia' de' una' desestructuración' importante' del' parénquima' muscular'
(cavidad)'y'alrededor'de'la'misma'se'aprecia'la'presencia'de'áreas'de'edema.'
'
'

La'siguiente'tabla'muestra'las'lesiones'de'3er'grado'con'los'resultados'
de'los'parámetros'de'L.BIA,'los'valores'de'referencia'contralaterales'y'el'%'de'
disminución.'

'
TABLA*14.'Lesiones'de'3er'grado'(n=2)'estudiadas.'Se'muestran'los'valores'de'los'parámetros'
de' L.BIA' de' la' lesión' muscular,' las' valores' del' segmento' muscular' contralateral' sano'
(referencia)'y'el'%'de'disminución'entre'ellos.'

'

'
*

ID edad altura*(m) peso*(kg) R*(Ω) Xc*(Ω) PA*(°) R*(Ω) Xc*(Ω) PA*(°) R* Xc PA

Gr3.1 17 1,74 69,9 37,1 8,7 13,2 46,7 19,5 22,7 .20,6 .55,4 .41,8

Gr3.2 18 1,83 76,2 39,7 8,5 12,1 42,9 17,1 21,7 .7,5 .50,3 .44,4

músculo*lesionado referencia*contralateral %*de*diferencia

Tercio5medio5músculo5crural5izquierdo5(cuádriceps),5n=1

Tercio5proximal5vasto5externo5derecho5(cuádriceps),5n=1
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Teniendo' en' cuenta' los' datos' presentados' en' las' tablas' 12,' 13' y' 14'

correspondientes' a' las' lesiones' de' grado' 1,' 2' y' 3' respectivamente,' y' tras'

posterior'análisis'estadístico,'en'la'tabla'15'se'muestra'el'patrón'de'cambio'de'

los'parámetros'de'L.BIA'para'las'lesiones'musculares.'''

'
*
TABLA*15.*Patrones'de'cambio'de'R,'Xc'y'PA'en'las'lesiones'musculares'de'1er,'2º'y'3er'grado'
*

*
*
*
*

La'Xc'es'el'único'parámetro'que'correlaciona'significativamente'con'el'

grado'de'severidad'de'la'lesión'(tabla'16).'Las'figuras'35,'36'y'37'muestran'la'

dispersión'de'los'%'de'disminución'de'Xc,'R'y'PA'en'las'lesiones'de'1er,'2º'y'

3er' grado.' A' diferencia' de' Xc,' en' la' que' los' diversos' valores' se' encuentran'

agrupados' acorde' a' la' severidad' de' la' lesión,' los' valores' de' R' y' de' PA'

presentan'una'dispersión'desorganizada.'

'
TABLA* 16.* Patrón' de' cambio' de' Xc,' parámetro' de' L.BIA' que' ha' mostrado' correlación'
estadísticamente'significativa'con'la'severidad'de'la'lesión'muscular.''
*

*
*
*
* '
'

R"(Ω) Xc"(Ω) PA"(º) R"(Ω) Xc"(Ω) PA"(º) R"(Ω) Xc"(Ω) PA"(º)
36,1 12,7 19,9 40,4 15,3 21,4 +10,4 +17,5 +9,0
7,6 1,6 4 9,2 1,6 3,9 2,7 4,6 6,3

R"(Ω) Xc"(Ω) PA"(º) R"(Ω) Xc"(Ω) PA"(º) R"(Ω) Xc"(Ω) PA"(º)
30,9 10,2 18,3 37,9 15,3 22,1 +18,4 +32,9 +16,6
4,9 1,7 2,3 5,9 2,5 3,5 6,0 8,6 7,6

R"(Ω) Xc"(Ω) PA"(º) R"(Ω) Xc"(Ω) PA"(º) R"(Ω) Xc"(Ω) PA"(º)
38,4 8,6 12,7 44,8 18,3 22,2 +14,1 +52,9 +43,1
1,8 0,1 0,8 2,7 1,7 0,7 9,3 3,6 1,8

Media"±"SD

Media"±"SD

Lesiones"musculares"de"1er"grado"(n=11)

Lesiones"musculares"de"2º"grado"(n=8)

Media"±"SD

Lesiones"musculares"de"3er"grado"(n=2)

24"h"post"lesión 24"h"post"lesión
Músculo"lesionado Referencia"contralateral

Diferencia"(%)

Grado&1 Grado&2 Grado&3

17,5&±&4,6 32,9&±&8,6 52,9&±&3,6

(12,9322,1) (24,3341,5) (49,3356,5)

Patrón&de&cambio&de&Xc
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DISCUSIÓN(
(
' '

Las'lesiones'musculares'sufren'una'alteración'en'la'estructura'tisular'y'
una' reorganización'en'el' contenido'del' fluido'en' los' compartimentos' intra'y'
extracelulares' (Järvinen' et' al.' 2005).' La' determinación' de' su' severidad' es'
importante' para' emitir' un' pronóstico' de' baja' médica.' La' bioimpedancia'
localizada'(L.BIA)'se'presenta'como'un'método'seguro,'no'invasivo,'indoloro'y'
práctico'para'el' estudio'de'estas' lesiones'pues'mide'variables'eléctricas'que'
ponen' de' manifiesto' los' cambios' fisiopatológicos' que' se' dan' en' éstas:' la'
reactancia' (Xc)' identifica' desestructuración' tisular' y' la' resistencia' (R)' la'
reorganización'del'contenido'líquido'(Lukaski'and'Piccoli'2012).'El'ángulo.de.
fase' (PA)' relaciona' los' parámetros' anteriores' (arcotangente' Xc/R).' El'
presente' trabajo' de' tesis' doctoral' describe' una' nueva' aplicación' de' la' BIA'
para' reflejar' cambios' en' sus'parámetros' (R,'Xc' y'PA)'y' correlacionarlos' con'
los' cambios' detectados' mediante' resonancia' magnética' (RM)' en' lesiones'
musculares.'

'
'

PRIMER(TRABAJO:((
Nescolarde( L,( Yanguas( J,( Lukaski( H,( Alomar( X,( RosellFFerrer( J,( Rodas( G.( Localized(

bioimpedance(to(assess(muscle(injury.(Physiol(Meas(2013;34:237F245(

'
Partiendo'de'todo'lo'anterior'se'plantea'la'hipótesis'inicial'de'que'una'

lesión'muscular'puede'alterar'los'parámetros'de'L.BIA.'Durante'la'temporada'
2011.2012'se'analizaron'3'lesiones'musculares'de'distinta'severidad:'una'de'
1er' grado,' una' de' 2º' grado' y' otra' de' 3er' grado.' Los' resultados' obtenidos'
ponen'de'manifiesto'una'mayor'alteración'de'los'parámetros'eléctricos'cuanto'
más' severa' es' la' lesión' (1er' grado:'↓R' 11,9%;'↓Xc' 23,5%' y'↓PA' 12,1%;' 2º'
grado:'↓R'20,6%;'↓Xc'31,6%'y'↓PA'13,3%'y'3er'grado:'↓R'23,1%;'↓Xc'45,1%'
y' ↓PA' 27,6%).' Un' tamaño' de' muestra' tan' reducido' hace' que' no' se' pueda'
extraer'ninguna'conclusión'definitiva'pero'estos'datos'observacionales'hacen'
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suponer' que' mayores' cambios' en' RM,' ya' sea' a' modo' de' solución' de'

continuidad'(gap2filled)'o'a'modo'de'edema,'se'traduzcan'en'mayores'cambios'

tanto'en'Xc'(estructura'tisular)'y'R'(presencia'de'fluidos)'respectivamente.'

''

A' partir' de' ahí' diversas' mediciones' se' fueron' realizando' a' días'

aleatorios' durante' el' proceso' de' recuperación' hasta' el' momento' del' alta'

médica' y' en' los' 3' casos' se' observa' una' tendencia' a' la' normalización'

progresiva' tanto' de' R' como' de' Xc' conforme' el' proceso' de' curación' va'

avanzando,'lo'que'significa'que'según'la'lesión'muscular'se'va'recuperando,'el'

edema'disminuye'(y'por'consiguiente'la'R'aumenta)'y'el'defecto'tisular'se'va'

reparando'(por'lo'que'la'Xc'aumenta).'

'

Analizando' cuidadosamente' la' evolución'de' los' parámetros' de' L.BIA'

conviene' comentar' aspectos' llamativos' en' la' lesión' de' 3er' grado.' La'

naturaleza' de' esta' lesión' fue' un' traumatismo' directo' durante' un'

entrenamiento' que' ocasionó' una' limitación' funcional' muy' importante' y' la'

instauración' de' un' síndrome' compartimental' agudo' en' el' transcurso' de' las'

24.36'horas'posteriores.' La' acumulación'de' sangre'que' se' aprecia' en' la'RM'

(figura' 21)' explica' la' disminución' de' un' 23,1%' de' R' (de' 67' a' 51,5Ω).' Fue'

necesaria'una'intervención'quirúrgica'(doble'fasciotomía'en'el'compartimento'

lateral'de' la'pierna)'con'evacuación'de'200'ml'de'sangre.'Una'vez'eliminada'

esta'cantidad'de'sangre,'en'la'primera'medición'post.quirúrgica'efectuada,'la'

R'retorna'a'valores'muy'cercanos'a' los' iniciales'de'referencia'(65'respecto'a'

67Ω).' Por' otro' lado,' el' defecto' tisular' a'modo' de' importante' disrupción' de'

fibras'musculares'viene'determinado'por'una'disminución' importante'de'Xc'

(45,1%).'Al'finalizar'el'proceso'de'recuperación'y'una'vez'que'se'decide'dar'el'

alta'médica'de'acuerdo'a'criterios'básicamente'clínicos,'se'constata'un'déficit'

de' un' 15%' en' la' Xc' (tabla' 11)' a' causa' de' la' persistencia' de' la'

desestructuración'tisular.''

'

'
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anteriores,'el'53%'(n=11)'fueron'de'grado'1,'el'38%'(n=8)'de'grado'2'y'el'9%'

(n=2)'de'grado'3.'

'

El' objetivo' fundamental' de' este' trabajo' consiste' en' establecer' un'

patrón'de'L.BIA'en'la'lesión'muscular'de'acuerdo'a'su'severidad'pero'para'ello'

es'imprescindible'que'previamente'se'establezcan'los'patrones'de'normalidad'

de' los'parámetros'de'L.BIA'en' jugadores'no' lesionados'puesto'que'entre'un'

músculo'y'su'homónimo'contralateral'pueden'existir'diferencias'(asimetrías)'

que'deberán'ser'consideradas'como'normales.'Las'mediciones'realizadas'en'5'

segmentos'musculares,' derechos' e' izquierdos,' que' habitualmente' presentan'

lesiones'de'10'futbolistas'no'lesionados'permiten'caracterizar'el'límite'alto'de'

la' normalidad' (media'±' 2SD).' El' umbral' superior' de' normalidad' se' cifra' en'

una'diferencia'del'13,8%'en'Xc'y'del'16,9%'en'R'entre'músculos'derechos'e'

izquierdos.'

'

Un' test' ANOVA( one( way' se' realizó' para' valorar' la' significación'

estadística'entre'las'diferencias'que'se'obtienen'en'las'lesiones'con'respecto'al'

segmento'muscular'contralateral'no'lesionado:'

'

• En'las'lesiones'de'grado'1,'la'↓Xc'es'estadísticamente'significativa'

(F=15,890''p<0,001),'no'así'la'↓R'ni'la'↓PA.'

• En' las' lesiones' de' grado' 2,' la' ↓R' y' de' PA' son' ambas'

estadísticamente' significativas' (F=6,724' ' p<0,021' y' F=6,656''

p<0,002' respectivamente)' y' más' aún' en' la' ↓Xc' (F=22,558''

p<0,001).'

• En' las' de' grado' 3,' la' ↓Xc' es' estadísticamente' significativa'

(F=64,890' ' p<0,015)' así' como' la' ↓PA' (F=165,072' ' p<0,006)'

mientras'que'la'↓R'no'lo'es.'

'

Se' realizó' también' un' test' Sheffé( postFhoc' para' determinar'

significación'estadística'entre'los'%'de'diferencia'en'R,'Xc'y'PA'de'las'lesiones'

de'1er,'2º'y'3er'grado'entre'ellas:'
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• La'R'muestra'significación'estadística'contrastando'las'lesiones'de'

grado'1.grado'2' (SE=2,23250' 'p<0,008),'no'en' las' lesiones'grado'

1.grado'3'ni'en'las'lesiones'grado'2.grado'3.'

• El'PA'muestra'elevada'significación'en'las'lesiones'grado'1.grado'3'

(SE=5,15091' ' p<0,001)' y' en' las' lesiones' grado' 2.grado' 3'

(SE=5,29741''p<0,001),'no'en'las'lesiones'grado'1.grado'2.'

• La'Xc'muestra'elevación'significación'estadística'en'los'tres'grupos'

analizados:'grado'1.grado'2'(SE=2,98559''p<0,001),'grado'1.grado'

3' (SE=4,93918' ' p<0,001)' y' grado' 2.grado' 3' (SE=5,07966''

p<0,004).'

'

'

A' la' vista' de' lo' expuesto' con' los' dos' tests' estadísticos' anteriores' se'

concluye'que'el'patrón'de' lesión'solo'es'estadísticamente'significativo'con'el'

%'de'disminución'de'la'Xc,'siendo'el'cambio'considerado'como'límite'alto'de'

la' normalidad' 13,8%' y' que' ni' R' ni' PA' muestran' un' comportamiento' lo'

suficientemente' sólido' como' para' ser' marcadores' de' un' grado' de' lesión'

determinado.'

'

' Los' deportistas' profesionales' realizan' trabajos' físicos' de' elevada'

intensidad'en'condiciones'musculares'muchas'veces'cercanas'a'la' lesión,'por'

eso' las' molestias' que' pueda' ocasionar' una' lesión' (y' que' pudiese' ser'

identificada' por' RM)' pueden' ser' interpretadas' por' el' deportista' como'

habituales'(fatiga,'sobrecarga,'cansancio…)'y'permitirle'continuar'entrenando'

y'compitiendo'sin'disminución'alguna'del'rendimiento'deportivo.'Cuando'un'

jugador' refiere' molestias' incapacitantes' es' cuando' se' realizan' pruebas'

diagnósticas.' Durante' el' periodo' de' estudio' solamente' se' etiquetaron' como'

lesiones' aquellas' que' en' un'momento' dado' aquejan' al' jugador' y' limitan' su'

rendimiento.' Si' la' competición' es' posible' y' por' tanto' no' hay' días' de' baja'

médica:'no'hay'lesión'(Fuller'et'al.'2006).'Dos'lesiones'de'1er'grado,'la'Gr1.7'

(↓11,1%'de'Xc)'y'la'Gr1.11'(↓12,5%'de'Xc),'presentan'valores'de'Xc'inferiores'
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al'límite'marcado'como'normal'(13,8%).'Se'da'la'característica'de'que'ambas'

se'han'dado'en'el'mismo'jugador,'lo'que'puede'invitar'a'pensar'que'éste'tenga'

un' umbral' de' tolerancia' al' dolor' y' de' autogestión' de' sus' molestias' algo'

inferior' al' resto' de' los' compañeros.' En' el' instante' en' que' ha' acudido' al'

departamento'médico' solicitando' asistencia' es' cuando' se' han' diagnosticado'

estas'dos'lesiones,'así'que'pudiera'ser'que'dentro'de'la'muestra'de'jugadores'

seleccionados' como' no.lesionados' para' el' test' de' normalidad' asimétrica,'

algunos' de' ellos' pudieran' tener' criterios' de' imagen' por' RM' de' lesión'

muscular;'de'ahí'que'es'importante'destacar'que'no'existe'una'frontera'exacta'

para'diferenciar'claramente' lesión'y'adaptación'muscular'a' las'cargas' físicas'

impuestas.'

'

' La'lesión'Gr3.2'(figura'34)'presenta'una'característica'particular:'una'

↓50,3%' de' Xc' (gran' afectación' tisular)' importante' pero' una' ↓7,5%' de' R'

(ocupación' líquida)' muy' pequeña' para' una' severidad' de' lesión' tan' grande.'

Este'pequeño'cambio'en'R'se'debe'a'que'el'contenido'de'la'lesión'no'es'líquido'

(sangre'o'edema)'sino'semisólido'(coágulo)'como'muestra'la'figura'siguiente.'

Esta' masa' semisólida,' que' requirió' evacuarse' quirúrgicamente,' no' se'

comporta' como' un' acúmulo' puramente' líquido' motivo' por' el' cuál' la' R' no'

disminuye'demasiado.'

'

( (
Figura( 39.( Intervención'quirúrgica'correspondiente'a' la'evacuación'de'un'gran'coágulo'en'el'
vasto'externo'del'cuádriceps'(lesión'Gr3.2).'La'ocupación'de'un'gran'espacio'muscular'por'esta'
masa'de'características'semisólidas,'no'líquida,'hace'que'la'disminución'de'R'sea'solamente'de'
un'7,5%.'
'
'



�   �   � � � A� � � � � � � � � � mjs � � � � � � s  � � � � � � � s � � �  � � � � � � m� � � � � � � � � n� � � � � � � t � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � A� � � A�  �
� �  �  � � � � A� � � � p�  � � e� �  � A� A� � sAo� � � � � � � � � � � � � � � � � �

� � e� � � � � � � � s �  � 	 � n�  �
�

� gh�

� � � � � � � � � � � � � �  � 	

�
�
I   
 � � � � � � � � � � �

�
� � � � � � �  � l � �  � � � � � � � � � A� � � � � � � � � � � � � s � � � � � � � s � � � � � A� � � � � � d� � � � �

� � � � � � l � � � s n� � � �  � � � � � � � � � � �  � � � � � � � A� � � � � �  � � �  � � � � � � � � � �  � A� � � � � �  � n� � � s � � � � �
� � � ' � A� � � � � � � e� � � � � � � � � � �  � � � � � � � � � s � � a A� � � � � �  As e� �  � � � � � e� � � � � A� �
� �  � � � A� i� � � � � A� � A� �  � � � � � � s A� � � t � � � � � � � � � � � A�  � � � A� � � � � � d�  � � � � � � � � � � l � �
� � � � � � � � � � � � � � � � A� � � � � � � � �  � l � i� 	 � � � � � �  � � � � � � � � � � � � � � � � � � � � � � A� � � s � � �
� � � � � � � � 
 � � � � � � � � � � � � � � � 
 � � � � � � 
 � n� s � � � � � � � � � � � � � � � � � � 
 � � � � � � � � � � � � � � � 
 � � � 
 � � 
 �
� � � � � � � � � � � s � � � �  � � d� � �  � � � � � � � � � � � A� �  � � � � � � � � �  � � � � � � � � A� � � � � � � � n� � � � � � � � � � �
� � � � s � � � � � � � � � � � � � � � � � � � � � � � � � � �  A� � � � � � � � � � � � s � �  � �  � Aw� � � � � A� � �  d� � �  �
� � � � A� � � �  � � � n� � A� � �  � � � � � � � � � � � A� � r� � � � � �  � � � � � 
 � � A� �  � � � zyyybi�
�

�
� � � � � � � SD� � � � � � A� � � � � � � � � A� � � � l � � � � � � � � � s � � � � � � � � � � � �  � � d� � �  � � � � � � � � � � � A� � � � � � � � � � � � � � � � � � � �
� �  � �  � � � l � � � � � � �  � � � � � A� � � �  � � � n� � A� � �  � � � � � � � � � � � A� � rA� � � � � � � � � � � � � � �  � 
 � �  � � � � � �  �  � � � � � � � � o�
� � � � � � c� � o� � � � � �  � � � � 	 o� o� � 
 � � � � �  � o� gf f f  � � � � o� i urno�
�
�

� � � � � � � � � �  A� � � � � � � � A� � � � � � � A� � � �  � � � n� � A� � �  � � �  � � d� � �  � � � � � � � � � � � A� �
A� � � � � � � � � � � � � � � � A� � � � l � � n� � � � e� � � � � � � � � � � �  s � � � � � � � � � � � � � � � � s � �  � � � � � � � � � � r� � �
� �  � � �  �  � � � � � � � � A�  � � � �  A� � �  As � � � c� � w � s � �  � � � � Al � � � � � � � A� � � '  �
 s � � � � � � � � � �  bp� � � � � � � � � � � � s � � a A� p� � � � � � � � � � � � 
 � � � � � � � � � � � � � � � 
 � � � � � � 
 � � � � � '  �
� � � � � � � � � � � � � � 
 � � � � � � � 
 � � �  � � 
 � p�  � � � � �  � � � � � s � � �  � � � � � � � � � �  As � � � � � � � � � �
� � n� � d� � � � � � �  � � �  � � � �  � � � � � �  � � w � s � �  � �  � s � �  s � � � �  p� � w � s � � � � � � A� � � � A� � � � � �
� � � � � s ' � � � � � �  � n� � w � s � � � � � s � A� � � � � � � � i� � � � � n� � �  � � � � � � � l � � � � � � �  �
� � � � A� � � �  � � � n� � A� � �  � � � A� � �  d� � '  � � � � � s � � � � � � � � � � � � t � � � � �  � � d� � �  � � � �
� � � � � � � A� � � s � � s � � � � � �  A' � � A� � � � � � � � � A� � � �  � � � A� � � � � � �  � r� � � � � � � � 
 � � � � �



Assessment'and'follow.up'of'muscle'injuries'in'lower'limb'by'localized'bioimpedance'in'high'performance'athletes'
Tesis'Doctoral,'Universitat'Autònoma'de'Barcelona'

Javier'Yanguas'Leyes'

'

' 76'

longitudinal. larga).' Ésta' se' ha' utilizado' en' lesiones' ubicadas' en' músculos'

anatómicamente'profundos'(músculo'crural)'y/o'lesiones'extensas.'

'

Un'aspecto'importante'a'tener'en'cuenta'de'cara'a' la'estandarización'

del' método' de' medida' es' la' necesidad' de' mantener' constante' la' distancia'

entre'electrodos'detectores'(entre'inyectores'y'detectores'la'distancia'es'fija:'

4' cm)' puesto' que' modificaciones' de' ésta' pueden' influenciar' medidas'

posteriores'(Shiffman'and'Aaron'1998).'Además,'la'dirección'de'las'líneas'de'

corriente' aplicadas' debe' mantenerse' igual' en' cada' medida' (por' ello' es' de'

capital' importancia' la' correcta' disposición' de' los' electrodos)' puesto' que'

modificar' esta' dirección' generaría' errores' en' las' diferentes' medidas' de'

impedancia' dada' la' anisotropía' eléctrica' del' músculo' (Chin' et' al.' 2008,'

Rutkove'2009)'(figura'41).'

'
Figura(41.'Las' líneas'de'corriente'(condicionadas'por' la'disposición'de' los'electrodos)'deben'
incidir'siempre'del'mismo'modo'sobre'los'ejes'de'las'fibras'musculares'para'evitar'errores'en'la'
impedancia'dada'la'anisotropía'eléctrica'del'músculo'(Tomada'de'Rutkove'2009,'pág'6). 

'

'
'
2. Cambios(de(LFBIA(en(la(lesión(muscular(

'

El' único' parámetro' de' L.BIA' que' ha' mostrado' correlación'

estadísticamente'significativa'con'el'grado'de'severidad'de'la'lesión'muscular'

en' el'momento'del' diagnóstico'ha' sido' el'%'de'disminución'de'Xc;' es' decir,'

solo' el' componente' de' desestructuración' tisular' marca' un' patrón' de'

comportamiento'de'la'severidad'de'la'lesión,'no'así'la'cantidad'de'edema'que'
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la' RM' pone' de' manifiesto' puesto' que' la' R' no' muestra' un' patrón' claro' de'

comportamiento.''

'

Dar'mayor' significación' a' la' alteración' estructural' del' patrón' tisular'

muscular' más' que' a' cuantificar' el' edema' va' en' la' misma' línea' que' los'

hallazgos' que' trata' de' poner' manifiesto' la' RM' con' tensor' de' difusión' en'

lesiones'musculares' de' cara' a' pronosticar' su' gravedad' (Cermak' et' al.' 2012,'

Zaraiskaya' et' al.' 2006).' Además' Cohen' et' al' (2011),' han' desarrollado' un'

sistema'de'gradación'de'la'severidad'de'lesiones'musculares'en'isquiosurales'

por'RM'teniendo'muy'en'cuenta'la'retracción'de'la'unión'miotendinosa'(gap2

filled)'como'factor'pronóstico'de'gravedad'(Cohen'et'al.'2011).'

'

'

3. Cambios(fisiológicoFadaptativos:(frontera(con(la(lesión((

(

La' frontera' entre' una' molestia' muscular' que' permite' seguir'

compitiendo'y'una'lesión'que'ya'lo'impide'es'en'ocasiones'difícil'de'establecer.'

Dentro'de' las'diferentes'propuestas'de'nuevas'clasificaciones'de' las' lesiones'

musculares,'Müeller.Wohlfahrt'et'al'(2013)'introducen'el'concepto'de'“lesión'

funcional“' para' etiquetar' a' algunas'molestias' musculares' que' no' presentan'

desestructuración' tisular' pero' que' pueden' condicionar' negativamente' el'

rendimiento' deportivo.' La' limitación' funcional' que' ocasionan' éstas' es'

altamente' “sujeto.dependiente”' de' manera' que' algunos' jugadores' pueden'

continuar'con'las'máximas'prestaciones'deportivas'a'pesar'de'ello'y'además,'

tampoco' se' ha' podido' encontrar' una' correlación' positiva' con' el' tiempo' de'

baja'médica'no' se' ha'podido' establecer' (Ekstrand' et' al.' 2013)'por' lo' que' la'

“vivencia'subjetiva”'de'las'mismas'parece'evidente.'

'

El' análisis' con' L.BIA' presenta' una' limitación' similar' a' la' hora' de'

establecer' una' separación' clara' entre' “adaptabilidad' a' cargas' de' trabajo”' y'

“lesión”.' La' presencia' de' edema'muscular' en' futbolistas' de' alto' nivel' no' se'
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relaciona' necesariamente' con' lesión' ni' con' el' dolor' muscular' de' aparición'

tardía' (DOMS,' delayed. onset. muscle. soreness)' siendo' por' tanto' posible' y'

considerándose' entonces' como' un' comportamiento' fisiológico.adaptativo'

habitual'del'músculo'a'las'cargas'de'trabajo'impuestas.'De'hecho,'estudios'de'

nuestro' grupo' de' trabajo' ponen' de' manifiesto' la' aparición' de' edemas'

musculares'de'tipo'adaptativo'y'visualizados'por'RM'y'con'disminución'de'R'

tras'la'realización'de'ejercicios'físicos'(datos'sin'publicar).'Por'ello,'la'R'sigue'

sin'poder'interpretarse'como'un'parámetro'marcador'de'lesión.'

'

'

4. Control(evolutivo(de(las(lesiones(y(vuelta(a(la(competición(

(

El' seguimiento' de' la' lesión' muscular' mediante' L.BIA' nos' permite'

monitorizar'la'evolución'del'proceso'de'recuperación'y'también'entender'qué'

cambios'fisiopatológicos'pueden'estar'produciéndose.'

'

El'momento'del'alta'médica'para'permitir'al'futbolista'el'retorno'pleno'

a'los'entrenamientos'y'a'la'competición'es'siempre'complejo'(Matheson'et'al.'

2011)' y'no' existen' consensos'ni' criterios'bien' establecidos'para' asegurar' el'

retorno'a'la'práctica'deportiva'con'la'plena'seguridad'de'eliminar'el'riesgo'de'

una're.lesión'(Creighton'et'al.'2010,'Orchard'et'al.'2005).'Los'tests'de'fuerza'

utilizados'en'el'momento'del'alta'médica'asumen'como'normales'déficits'de'5.

10%'(Woods'et'al.'2004)'y'hasta'un'89%'de'las'RM'realizadas'en'el'momento'

de' la' vuelta' a' la' competición' presentan' edemas' residuales' (Reurink' et' al.'

2014)'y'algunos'de'estos'no'se'normalizan'hasta'pasados'6'meses'(Sanfilippo'

et'al.'2013).'Además,'el'hecho'de'que'se'resuelva'en'el'momento'de'la'vuelta'a'

la'competición'no'garantiza'un'riesgo'nulo'de're.lesión'(De'Vos'et'al.'2014).'

Todas' las' lesiones' monitorizadas' con' L.BIA' presentan' déficits' en' los'

parámetros' eléctricos' en' el' momento' de' la' vuelta' a' la' competición' sin'

evidenciarse'una'restitución'ad.integrum.'

'
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'

5. Interés( práctico,( limitaciones( del( estudio( y( futuras( líneas( de(

investigación.((

(

El'análisis'de'lesiones'musculares'mediante'L.BIA'a'50'kHz'con'equipo'

de' fase' sensible' es' un' método' seguro,' indoloro' y' no' invasivo' que' muestra'

cambios' en' futbolistas' de' alto' nivel.' Al' realizar' mediciones' de' segmentos'

musculares' (corta' longitud)' los' electrodos' utilizados' deben' tener' una'

impedancia' intrínseca' muy' baja' y' un' analizador' de' fase' sensible.' La'

disminución' porcentual'más' significativa' se' da' en'Xc' a' las' 24' h' de' la' lesión'

mostrando'un'patrón'de'cambio'acorde'a' la'severidad'de' la' lesión,'mientras'

que'variaciones'en'R'no'son'indicativas'de'su'gravedad.'No'es'motivo'de'esta'

tesis'doctoral' validar'un'método'diagnóstico' sino' abrir'una'puerta' a'nuevas'

investigaciones' en' esta' línea:' lograr' “cuantificar' numéricamente”' la' lesión'

muscular.'

'

La'principal'limitación'de'este'trabajo'es'el'tamaño'de'la'muestra'y'se'

requiere' un' mayor' número' de' determinaciones' de' L.BIA' en' lesiones'

musculares'para'categorizar'el'patrón'presentado.'Acorde'al'patrón'mostrado'

en' esta' tesis' doctoral,' para' aquellos' nuevos' valores' de' cambio' de' Xc' que'

quedasen'fuera'de'los'rangos'establecidos'(grado'1:'17,5'±'4,6;'grado'2:'32,9'±'

8,6'y'grado'3:'52,9'±'3,6)'se'aplicaría'una'prueba.de.conservador'de'la'teoría.de.

la.decisión.(Lehmann'1959),'por'la'que'la'nueva'lesión'siempre'se'clasificaría'

en'el'grado'de'severidad'superior.'

'

Asimismo'son'necesarios'futuros'trabajos'para'establecer'su'uso'como'

herramienta' de' monitorización' del' seguimiento' de' la' lesión' muscular' y'

establecer' qué' déficits' en' parámetros' eléctricos' se' podrían' asumir' como'

normales'en'el'momento'de'la'vuelta'a'la'competición.'

'

(
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CONCLUSIONES)

)
'

1.'Los'parámetros'de' impedancia' localizada' (L.BIA)'permanecen'estables'en'

caso'de'no.lesión'y'no'sufren'modificaciones'con'la'introducción'de'cargas'de'

entrenamiento.'

'

2.'La'L.BIA'de'un'músculo'sufre'un'cambio'frente'a'una'lesión.'Este'cambio,'en'

forma' de' disminución' porcentual' con' respecto' al' lado' contralateral' no'

lesionado,'afecta'a'los'dos'parámetros'que'integran'la'impedancia,'resistencia'

(R)' y' reactancia' (Xc),' así' como' al' parámetro' que' los' relaciona,' el' ángulo' de'

fase'(PA).'

'

3.'El'cambio'porcentual'de'la'Xc'es'siempre'mayor'al'cambio'porcentual'de'la'

R.'

'

4.' Xc' es' el' único' parámetro' que' ha' mostrado' correlacionar' de' un' modo'

estadísticamente' significativo' con' el' grado' de' severidad' de' la' lesión'

diagnosticada'por'resonancia'magnética.'

'

5.'La'L.BIA'puede'tener'utilidad'en'el'seguimiento'evolutivo'de'la'lesión'hasta'

el'momento'del'alta'médica'y'la'vuelta'a'la'competición.'

'

6.'La'L.BIA'puede'ayudar'a'entender'los'procesos'fisiopatológicos'de'la'lesión'

muscular.'



!



! 85!

!
!
!
!
!

ADDENDUM'
!



!



Assessment'and'follow.up'of'muscle'injuries'in'lower'limb'by'localized'bioimpedance'in'high'performance'athletes'
Tesis'Doctoral,'Universitat'Autònoma'de'Barcelona'

Javier'Yanguas'Leyes'
'

' 87'

TERCER%TRABAJO:%%

Nescolarde% L,% Yanguas% J,% Lukaski% H,% Rodas% G,% Rosell>Ferrer% J.% Localized% BIA% identifies%

structural%and%pathophysiological%changes%in%soft%tissue%after%post>traumatic% injuries% in%

soccer%players.%Conf%Proc%IEEE%Eng%Med%Biol%Soc%2014.%2014;3743>3746'
' '

La'L.BIA'también'se'ha'utilizado'en'el'estudio'de'otro'tipo'de'lesiones'

que' ocurren' de' manera' menos' frecuente' en' el' fútbol' profesional.' Se'

estudiaron' dos' casos' de' miositis' osificante' post.traumática,' un' caso' de' un'

seroma' intramuscular' tras' una' contusión' directa' y' un' bursitis' trocantérica'

tras'traumatismos'de'repetición.'

'

' Cuatro'jugadores'profesionales'de'fútbol'del'equipo'sub.18'del'Futbol'

Club'Barcelona'participaron'en'este'estudio.'Al' ser' tres'de'ellos'menores'de'

edad,' fueron' sus' tutores' legales' quienes' dieron' el' consentimiento' para' su'

participación.'

'
' Los' electrodos' se' dispusieron' del' mismo' modo' que' en' las' lesiones'

musculares' utilizando' la' configuración+ longitudinal+corta' (los' dos'medidores'

de' voltaje' (V)' 5' cm' proximales' y' 5' cm' distales' al' centro' de' la' lesión' y' los'

inyectores' de' corriente' (I)' se' situaron' junto' a' los' anteriores).' La' prueba' de'

imagen'utilizada'para'la'confirmación'diagnóstica'fue'la'ecografía'(GE'LOGIQ'

e,'General'Electrics'Healthcare,'Milwaukee,'WI;'USA).'

'

' En'los'dos'casos'de'miositis'osificante'el'%'de'disminución'de'la'Xc'en'

el'momento'de'la'medición'fue'de'7.8%'mientras'que'no'hubo'cambio'en'R.'Al'

no' tratarse' de' una' verdadera' calcificación' donde' cabría' esperar' un'

incremento' de' la' impedancia' (fundamentalmente' a' expensas' de' la' Xc),' los'

cambios' observados' van' en' concordancia' con' la' histología:' un' magma'

desorganizado'de' fibroblastos,' osteoblastos,' células'multinucleadas' gigantes,'

células' musculares' degeneradas' y' osteoide' (Klapsinou' et' al.' 2012).' En' las'

otras' dos' lesiones' traumáticas' analizadas,' el' %' de' disminución' en' los'

parámetros'de'L.BIA'es'de'alrededor'de'un'50%'en'la'Xc,'un'hallazgo'similar'
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al'cambio'de'este'parámetro'en'las'lesiones'musculares'de'3er'grado'en'las'que'
la'destrucción'del'patrón'tisular'es'evidente,'y'de'un'24.31%'en'R'debido'a'la'
acumulación'de'líquido'en'su'interior'(80'cm3'de'seroma'y'30'cm3'de'sangre).'
Una'vez'realizada'la'aspiración'ecoguiada'del'contenido'los'parámetros'de'L.
BIA'se'recuperan'de'un'modo'parcial'(↑10%'en'R'y'de'73,5%'en'Xc'en'el'caso'
del'seroma' intramuscular'por'contusión'directa'y'↑20%'en'R'y'23,8%'en'Xc'
en' la' bursitis' post.traumática).' Al' comparar' los' valores' obtenidos' tras' la'
aspiración' con' la' extremidad' contralateral' de' referencia' de' normalidad'
observamos'que'persisten' el' defecto' estructural:'↓Xc'de'13'%'en' el' seroma'
intramuscular'y'de'40%'en'la'bursitis)'y'el'acúmulo'de'líquido'(↓8,6%'de'R'en'
la'bursitis,'indicando'la'aspiración'prácticamente'completa'de'su'contenido,'y'
un'23,9%'en'el'seroma'intramuscular,'pudiendo'justificarse'este'hallazgo'por'
la'presencia'de'edema'intramuscular'pericavitario'no'tributario'de'aspiración.'''
'
'
' '
'
'
'
'
'
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Abstract
Injuries to lower limb muscles are common among football players. Localized
bioimpedance analysis (BIA) utilizes electrical measurements to assess soft
tissue hydration and cell membrane integrity non-invasively. This study reports
the effects of the severity of muscle injury and recovery on BIA variables. We
made serial tetra-polar, phase-sensitive 50 kHz localized BIA measurements of
quadriceps, hamstring and calf muscles of three male football players before
and after injury and during recovery until return-to-play, to determine changes
in BIA variables (resistance (R), reactance (Xc) and phase angle (PA)) in
different degrees of muscle injury. Compared to non-injury values, R, Xc
and PA decreased with increasing muscle injury severity: grade III (23.1%,
45.1% and 27.6%), grade II (20.6%, 31.6% and 13.3%) and grade I (11.9%,
23.5% and 12.1%). These findings indicate that decreases in R reflect localized
fluid accumulation, and reductions in Xc and PA highlight disruption of cellular
membrane integrity and injury. Localized BIA measurements of muscle groups
enable the practical detection of soft tissue injury and its severity.

Keywords: segmental bioimpedance, bioimpedance vector analysis, muscle
injury, professional football players

(Some figures may appear in colour only in the online journal)

0967-3334/13/020237+09$33.00 © 2013 Institute of Physics and Engineering in Medicine Printed in the UK & the USA 237

http://dx.doi.org/10.1088/0967-3334/34/2/237
mailto:lexa.nescolarde@upc.edu
http://stacks.iop.org/PM/34/237


238 L Nescolarde et al

1. Introduction

A muscle injury is a disruption to the muscle or tendon leading to a player being unable
to participate fully in training or match play (Ekstrand et al 2011). Excessive tensile force
applied to a muscle leads to overstretching of the myofibers that can result in a rupture near
the myotendinous junctions. A sudden heavy, compressive force, such as a direct blow to the
muscle, can result in muscle contusion (Järvinen et al 2005).

Muscle injuries are classified according to severity (Järvinen et al 2005). A mild (grade
I) strain/contusion represents a tear of only a few muscle fibers with minor swelling and
discomfort accompanied by no or minimal loss of strength and restriction of movement. A
moderate (grade II) strain/contusion causes greater damage of the muscle with a clear loss
of function (ability to contract); a tear extending across the entire cross-section of the muscle
results in a virtually complete loss of muscle function and is termed severe (grade III).

Thirty-one per cent of injuries in football involve muscle with 92% affecting the major
muscle groups of the lower limb (hamstrings (37%), adductors (23%), quadriceps (19%) and
calf muscles (13%)) (Ekstrand et al 2011). Prevention of muscle injuries, reduction of re-
injury rate and determination of the best time for return-to-play are major challenges in sports
medicine (Ekstrand et al 2012, Opar et al 2012).

Bioimpedance analysis (BIA) is a safe, practical and non-invasive method to measure the
electrical responses to the introduction of a low-level alternating current into a living organism.
Although BIA techniques have been used to monitor assorted biological parameters, reliance
on empirical prediction models based on questionable assumptions and regression equations
to translate BIA measurements into physiological variables resulted in problematic results
(Lukaski and Piccoli 2012).

Use of whole-body BIA in medicine is growing, particularly for hydration and nutritional
status assessment (Lukaski and Piccoli 2012) and prognosis in chronic disease (Lukaski and
Singer 2011). Briefly, resistance (R) is inversely related to fluid volume, reactance (Xc) is a
measure of cell membrane integrity and function, and phase angle (PA) is a global indicator of
health and nutritional status (Lukaski 1996, Norman et al 2012). Applications of whole-body
BIA in football focus on assessment of nutritional status and body composition (Bonucelli
et al 2011, Gatterer et al 2011). Localized BIA is sufficiently sensitive to detect changes in
soft tissue hydration and cell membrane integrity and structure in a specific area (Lukaski and
Moore 2012, Ward 2012). Simultaneous graphical display of R and Xc enables assessment of
perturbations in fluid distribution and cellular membrane structure (Piccoli et al 1994).

This study demonstrates the potential usefulness of localized BIA as practical biomarker
of muscle injury in football players. It tests the hypothesis that injury to muscle causes marked
reductions in R, Xc and PA and that these changes are related to the severity of the injury.
The aims are to describe the method of localized BIA in lower limb muscle groups, ascertain
the relative changes in BIA and vector data relative to the severity of injuries in selected
muscle groups, identify the magnitude of relative differences in BIA and vector values between
reference values and injury, and monitor the changes in BIA and vector values as indicators
of return-to-play among injured football players.

2. Methods

2.1. Human volunteers

Three male professional football players participated in the measurement of localized BIA
at the medical service of Futbol Club Barcelona (FCB). Localized BIA was determined at
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(A) (B)

Figure 1. Electrode placements for localized bioimpedance measurements of the calf (A), and
proximal hamstring muscles (B). Distal electrodes (I) introduce the current and proximal (V)
electrodes to detect the voltage drop between the proximal electrodes.

major muscle sites of the lower limb 30 min before a training session (control, non-injury),
24 h after injury, and during recovery until medical clearance to return-to-play. Trained
medical staff used a calibrated scale (SECA 700 Mechanical Scale; Hamburg, Germany)
and wall-mounted anthropometer (SECA 240; Hamburg, Germany) to measure body weight
and standing height of the players who wore minimal clothing without shoes before the pre-
training BIA measurements. The local medical committee of FCB approved the study and
each volunteer provided written informed consent.

2.2. Electrode placement instructions

Four adhesive contact electrodes (3M Red Dot Adult Solid Gel 2239, Ontario, Canada), two for
injecting current (I) and two for sensing voltage (V) were placed over specific muscle groups
of the lower limb. Figures 1(A) and (B) show electrode placement for measuring muscle injury
grade III and II and for muscle injury grade I.

Electrodes were placed using anatomical landmarks identified by palpation and reference
distances determined with an anthropometric, spring-loaded tape measure to measure localized
sites on selected muscles (Rotary Measure R-280 Futaba, Japan).

A- Calf: 5 cm (I) and 10 cm (V) distally from the popliteal line and proximal from the
posterior intermaleolar line (figure 1(A)).

B- Proximal hamstrings: 5 cm (V) proximally and distally to the point of maximum pain,
located by palpation and confirmed by ultrasound (LOGIQ e, GE Healthcare, Milwaukee, WI,
USA); and injecting electrodes (I) were positioned adjacent to the others (figure 1(B)).

Because of the proximity of the current-introducing and voltage-detecting electrodes in the
measurement of the proximal hamstring muscles, we evaluated the inter-tester reproducibility
of the R and Xc measurements. Five individuals independently made R and Xc measurements
on the proximal hamstrings of one player. The mean value of R was 39.6 ! with a SD of 0.6 !,
and for Xc the mean value was 14.2 ! with a SD of 0.5 !, with coefficients of variation of
1.4 and 3.2%, respectively.
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The players were supine for 15 min before the BIA measurement in the medical facility
(22–24 ◦C). Medical staff used a towel to remove debris and sweat from each lower limb
before electrode application. The players did not sweat during measurement of localized BIA.

A 50 kHz, tetra-polar phase-sensitive BIA (BIA-101; AKERN-Srl, Florence, Italy)
injected a sinusoidal alternating current of 400 µARMS to measure R, Xc and PA. Measurement
errors of the system, determined with a precision resistor and capacitor, were <1 ! for R and
<2% for capacitance.

2.3. Magnetic resonance imaging

The magnetic resonance imaging (MRI) method offers a non-invasive determination of the
location and extent of an injury. Because of its multi-planar capability and high sensitivity
to detect the oedema that results from soft-tissue injury, MRI is the technique of choice for
diagnostic imaging of muscles and tendons to assess and classify injuries (Schneider-Kolsky
et al 2006).

The study used a 3.0 T MRI system (Magnetom VERIO, Siemens Medical Solutions) with
a maximum gradient strength of 45 mT m−1, a minimum rise time of 225 µs, and 32 receiver
channels. This system includes a dedicated body coil with 16 anterior elements and another
coil with 16 posterior elements. We targeted sagittal Fat Sat (TR 4500 ms, TE 35 ms, inversion
time (TI) 200 ms, Eco train 4, FA 120◦, SL 2.5 mm, in-plane resolution 0.8 × 0.6 mm2, FOV
380 × 380 mm, GRAPPA, R = 2), and coronal and axial TSE T1 (TR 750 ms, TE 21 ms,
Eco train 4, SL 3 mm, in-plane resolution 0.6 × 0.5 mm2, FOV 380 × 380 mm).

2.4. Data analysis

Serial values of R and Xc with the impedance vector for the affected muscle group are plotted
on an R–Xc graph. The non-injury values are shown for comparison with subsequent values
obtained in the same muscle group 24 h after injury and during recovery until return-to-play.
The impact of severity of muscle injury is characterized by the percentage change in BIA
values from the non-injury condition.

3. Results

We present examples of BIA changes in response to graded severity of muscle injury.

3.1. Grade III muscle injury

A football player (age: 26 years; height: 1.86 m; weight: 87 kg) received a direct trauma in the
lateral side of his lower right leg during a training session. The MRI scan revealed a hematoma
in the lateral compartment of the leg (figure 2) that required surgical drainage and double
fasciotomy. The sport time loss was 10 weeks.

The grade III injury resulted in marked changes in localized BIA values (table 1).
Compared to non-injury, R, Xc and PA decreased by 23.1%, 45% and 27.5% after injury,
respectively. Resistance increased progressively to the pre-injury level during recovery whereas
Xc gradually increased but did not reach the non-injury value (figure 3).

3.2. Grade II muscle injury

Another football player (age: 19 years; height: 1.77 m; weight: 77.7 kg) suffered partial
detachment of the medial head of the calf from its common aponeurosis with the soleus in his
right calf (figure 4). The sport time loss was 5 weeks.
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(A) (B)

Figure 2. Magnetic resonance image of grade III muscle injury. Fat-suppressed T2-weighted axial
image (A) shows a hematoma in the lateral compartment of the right leg with damage to the peroneal
muscle group (arrow). Fat-suppressed T2-weighted coronal image (B) shows the presence of the
hematoma and the architectural distortion of the muscle fibers (arrow).

Figure 3. Bioimpedance vector displacement before injury, during recovery and after grade III
muscle injury. ! 13 days post surgical intervention, ◦ 16 days post surgical intervention, ♦ 30 days
post surgical intervention, • 75 days post surgical intervention (return-to-play).

(A) (B)

Figure 4. Fat-suppressed T2-weighted axial (A) and coronal (B) image show a detachment of the
right medial gastrocnemius from their common aponeurosis with the soleus. Hemorrhagic fluid is
shown as a hyper-intense signal between the muscles (arrows). The scar in the common aponeurosis
of the left calf resulted from a previous muscle injury (arrows).
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Figure 5. Bioimpedance vector displacement before injury, during recovery process and after
grade II muscle injury. ! 13 days post injury, △ 20 days post injury, • 30 days post injury
(return-to-play).

Table 1. Bioimpedance parameters in response to injury and recovery in a football player with a
grade III muscle injury.

R (!) Xc (!) PA (◦)

Non-injury 67.0 20.0 16.6
Injury measure (24 h post direct trauma) 51.5 11.0 12.0
13 days post surgical intervention 65.0 12.0 10.5
16 days post surgical intervention 68.0 13.0 10.8
30 days post surgical intervention 66.0 13.0 11.1
75 days post surgical intervention (return-to-play) 65.0 17.0 14.7

Table 2. Bioimpedance parameters in response to injury and recovery in a football player with a
grade II muscle injury.

R (!) Xc (!) PA (◦)

Non-injury 68.0 19.0 15.6
Injury measure (24 h post injury) 54.0 13.0 13.5
13 days post injury 56.0 14.0 14.0
20 days post injury 63.0 16.0 14.3
30 days post injury (return-to-play) 64.0 18.0 15.7

Table 3. Bioimpedance parameters in response to injury and recovery in football player with a
grade I muscle injury.

R (!) Xc (!) PA (◦)

Non-injury 42.0 17.0 22.0
Injury measure (24 h post injury) 37.0 13.0 19.3
5 days post injury 41.0 15.0 20.1
9 days post injury (return-to-play) 40.0 15.9 21.7

Serial measurements of localized BIA before and after grade II muscle injury (table 2)
revealed a decrease in R and Xc values immediately after injury (20.6% and 31.6%,
respectively) and a 13.3% reduction in PA with a gradual increase in values during recovery
to near pre-injury levels (figure 5).
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(A) (B)

Figure 6. Fat-suppressed T2-weighted axial image; (A) shows minimal edema involving a small
area of the left biceps femoris and fat-suppressed T2-weighted coronal image; (B) shows minimal
abnormal signal of hyperintensity involving the proximal muscle-tendon junction of the long head
of the left biceps femoris (arrows). The scar on the right side is an old muscle injury (arrow).

Figure 7. Bioimpedance vector displacement before injury, during recovery process and after
grade I muscle injury (return-to-play). △ 5 days post injury, • 9 days post injury (return-to-play).

3.3. Grade I muscle injury

A third football player (age: 21 years; height: 1.73 m; weight: 68.5 kg) had a strain in his left
musculotendinous junction of the long head of the biceps femoris muscle proximally during a
match (figure 6).

Relatively modest decreases in R and Xc were observed with this grade I injury (11.9%
and 23.5% respectively) and increased to near pre-injury values until return-to-play (table 3).
The phase angle decreased by 12.2% after injury and returned to the pre-injury value at
return-to-play (figure 7).

4. Discussion and conclusion

Trauma to soft tissues adversely affects fluid distribution and cell structure (Järvinen et al
2005). Localized BIA affords a safe, non-invasive and practical method for routine assessment
of perturbations in skeletal muscle because it measures electrical variables that reflect
pathophysiological changes. The present study describes the novel application of localized
BIA measurements of muscle groups and reports changes in regional R, Xc and PA consistent
with reference MRI diagnoses of muscle injury severity.



244 L Nescolarde et al

As compared to non-injury status, the most severe muscle injury (grade III) was associated
with a 23.1% decrease in R and a 27.6% decrease in PA. The post-injury accumulation of blood
explains the observed decrease in R. Surgical removal of 200 mL of blood and restoration
of fluid distribution at the injury site are responsible for the increase in R and return to the
non-injury value (65 versus 67 !). Serial measurements during recovery showed a gradual
return to near pre-injury Xc (20 to 17 !) but only a partial restoration of PA (16.6◦ to 14.7◦)
values. The greatest impact of a grade III injury is the 45.1% reduction in Xc. This effect,
attributable to the injury-induced muscle cell damage, also elicited the 27.6% decrease in PA.
The near-return to non-injury Xc and PA values suggests that slow incomplete healing of the
residual intramuscular cavity and muscle cells associated with the muscle injury continued
while function returned.

As compared to a grade III injury, relative decreases in BIA values were attenuated in
grade II and I muscle injuries. These observations highlight the sensitivity of this method to
identify fluid accumulation and muscle cell disruption. The observed relative decrease in R
was larger in the grade II compared to the grade I muscle injury (20.6 versus 11.9%). Localized
fluid accumulation, an MRI-identified hematoma, explains the greater decrease in R in this
grade II injury. The relative change in Xc was greater with more severe muscle injury (31.6
compared to 23.5% in grade II and I, respectively), as shown in the MRI findings.

Radiological examination of muscle injuries provides an empirical basis to relate the
observed changes in BIA measurements to pathophysiology. Post-injury disruption of, or
damage to, the integrity of muscle structures is identified with decreases in Xc whereas
increases in fluid accumulation can be shown by decreases in R. Illustration of patterns
in pathology induced by injury is demonstrated by calculation of relative change in BIA
values and shown with the R versus Xc graph; this approach enables longitudinal comparison
of pre- and post-injury as well as recovery BIA variables for an individual. The use of
localized Xc and R measurements provides useful information consistent with the findings
of Piccoli et al (1994) from whole-body assessment and classification of the hydration state
and extends its application to localized areas of the body to identify alterations in regional
fluid balance and soft tissue injury in addition to wounds (Lukaski and Moore 2012). The
parameter Xc is associated with the integrity of soft tissue structures and R with the hydration
state of soft tissue (Lukaski and Piccoli 2012). With muscle injuries, data from the present
study establish a relationship where decreased Xc is associated with structural muscle fiber
damage that consistently increases during recovery or healing except in grade III injury, and
R characterizes the presence of oedema or blood accumulation in some injuries. Decreases in
PA occur in relation to the muscle injury severity and highlight the dependence of PA (") on
Xc (ϕ = arctan(Xc

/
R)). The pattern of changes in BIA parameters associated with recovery

from muscle injury is similar to the pattern of changes in wound healing and characterized by
an increase in R and Xc, and thus PA (Lukaski and Moore 2012).

A major problem in sports medicine is re-injury (Orchard and Best 2002). Although
some functional criteria are available, there are no consensus guidelines or criteria for safe
return to sport following muscle injuries that eliminate or substantially reduce the risk of
recurrence and enhance the potential for maximum performance (Orchard et al 2005). For
example, strength tests recommend post-injury deficits of 5–10% (Woods et al 2004). The
present study identifies deficits of the BIA parameters of 6% for R and Xc in grade I and II
(tables 3, 2), and 3% in R and 15% Xc for grade III injury (table 1) when players received
medical clearance to return-to-play. Importantly, these injury-related changes in R and Xc
exceed the inter-observer variability (1% and 3% for R and Xc in proximal hamstrings) in
making the measurements. Additional research is required to establish ranges of alterations in
BIA values for return-to-play.
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These preliminary findings indicate the prognostic value of localized BIA to identify
common injuries in football and to characterize the severity of the injury. It is a practical
method for field assessment of muscle injuries and could be an alternative method to monitor
recovery and contribute to clearance to return-to-play.
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Abstract
Muscle injuries in the lower limb are common among professional football 
players. Classification is made according to severity and is diagnosed with 
radiological assessment as: grade I (minor strain or minor injury), grade II 
(partial rupture, moderate injury) and grade III (complete rupture, severe 
injury). Tetrapolar localized bioimpedance analysis (BIA) at 50 kHz made 
with a phase-sensitive analyzer was used to assess damage to the integrity of 
muscle structures and the fluid accumulation 24 h after injury in 21 injuries 
in the quadriceps, hamstring and calf, and was diagnosed with magnetic 
resonance imaging (MRI). The aim of this study was to identify the pattern 
of change in BIA variables as indicators of fluid [resistance (R)] and cell 
structure integrity [reactance (Xc) and phase angle (PA)] according to the 
severity of the MRI-defined injury. The % difference compared to the non-
injured contralateral muscle also measured 24-h after injury of R, Xc and 
PA were respectively: grade I (n = 11;  −10.4,  −17.5 and  −9.0%), grade 
II (n  =  8;  −18.4,  −32.9 and  −16.6%) and grade III (n = 2;  −14.1,  −52.9 
and −43.1%), showing a greater significant decrease in Xc (p < 0.001). The 
greatest relative changes were in grade III injuries. However, decreases in 
R, that indicate fluid distribution, were not proportional to the severity of 
the injury. Disruption of the muscle structure, demonstrated by the localized 
determination of Xc, increased with the severity of muscle injury. The most 
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significant changes 24 h after injury was the sizeable decrease in Xc that 
indicates a pattern of disrupted soft tissue structure, proportional to the 
severity of the injury.

Keywords: BIA, injury grade, reactance, professional football players

(Some figures may appear in colour only in the online journal)

1. Introduction

Muscle injuries are common in high-level athletes (Garrett 1996, Junge et al 2006 2009, 
Engebretsen et al 2013). Such injuries are caused by a traumatic disruption or overuse injury 
to the muscle leading to a player being unable to fully participate in training or match play 
(Balius et al 2009, Ekstrand et al 2011a). They include muscle strains (distraction of the myo-
fibers near the myotendinous junctions) and contusions (a direct blow resulting in compres-
sion injuries; Saartok 1998, Järvinen et al 2005).

Although some classifications of muscle injuries are available (Chan et al 2012, Mueller-
Wohlfahrt et al 2013), objective assessments include the severity based on ultrasound and 
magnetic resonance images (O’Donoghue 1962, Peetrons 2002, Stoller 2007): grade I injury 
includes minor strain without loss of function or strength, diffuse edema and structural abnor-
malities (less than 5% of the whole muscle involved); grade II injuries include tears with par-
tial retraction of muscle fibres, moderate tissue damage (5–50% of the muscle), edema and/or 
bleeding; and grade III injury is seen as complete rupture with complete loss of function and 
severe retraction of muscle fibers.

Football is a high risk for muscle injury because it includes repetitive efforts of sprinting, 
kicking and jumping (Cross et al 2004), and is a contact sport (Arnason et al 2004). Thirty-one 
percent of injuries involve muscle with 92% affecting the major muscle groups of the lower 
limb (hamstrings 37%, adductors 23%, quadriceps 19% and calf muscles 13%; Ekstrand et al 
2011b). Grade III injuries are uncommon in football and represent only 3–4% of total muscle 
injuries, with grade I and II representing the rest (Balius et al 2009, Ekstrand et al 2011b). 
Muscle injures can occur anywhere along the entire muscle (Askling et al 2007, Balius et al 
2009, Medical Services Futbol Club Barcelona 2009).

The bioelectrical impedance (BIA) method offers an opportunities for the non-invasive 
assessment of fluid distribution and body composition in human (Lukaski 1996). A 50 kHz, 
phase-sensitive BIA analyzer yields passive bioelectrical measurements of the impedance (Z) 
module and its components, namely resistance (R), which is the opposition to the flow of an 
alternating current through intra- and extra-cellular ionic solutions, and reactance (Xc), which 
indicates the capacitive component of tissue interfaces and cell membranes. The parameter Xc 
is associated with the integrity of soft tissue structures and R with the hydration state of soft 
tissue (Lukaski and Piccoli 2012). The geometric relationship between R and Xc is expressed 
as the phase angle (PA), calculated as the arc tangent of Xc/R, and it allows the non-invasive 
assessment of intra- to extracellular fluid (Lukaski 2013).

Lukaski and Moore (2012) extend the useful information consistent with the findings of 
Piccoli et al (1994) from whole-body to specific body areas by non-invasive localized R and 
Xc measurements with a phase-sensitive BIA analyzer at 50 kHz, to identify alterations in the 
regional fluid balance and soft tissue injuries associated with lower leg wounds. The general 
pattern of modest decreases in R, Xc and PA acutely after debridement with considerably steep 
reductions with the progression of infection, and substantial increases in R, Xc and PA after 
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successful treatment and healing, is consistent with the hypothesis that BIA non-invasively 
illustrates cellular level structure and processes.

Nescolarde et al (2013) used localized BIA, with the same phase-sensitive analyser, and 
observed a pattern of reductions in R and Xc in muscle injuries among three professional foot-
ball players. Importantly, the reductions in R, Xc and PA were directly related to the severity 
of the muscle injury, with the greatest relative decreases, calculated as a percentage of the 
contralateral non-injury site, in grade III injuries, and which were attenuated in grade II and 
I injuries. Therefore, these findings highlight the sensitivity of localized BIA to identify fluid 
accumulation and muscle cell disruption.

Another application of localized bioimpedance in the non-invasive assessment of muscle 
structure is single frequency (50 kHz) electrical impedance myography (EIM; Rutkove 2009). 
This method is similar to traditional BIA: it uses four surface electrodes, is non-invasive and 
quantitative. One advantage of EIM is its ability to identify pathological changes in muscle 
architecture before the presence of the usual clinical signs. Studies of age- and sex-match 
healthy controls and patients with neuromuscular diseases demonstrated significantly reduced 
resistance, reactance and phase angle values in the same muscle groups due to muscle fiber 
atrophy, connective tissue accretion, fat infiltration and edema (Rutkove et al 2008, Rutkove 
2009). Noteworthy is the emphasis on the tracking of changes in PA in neuromuscular disease 
because it is not confounded by differences in muscle size and geometry. Thus, bioimpedance 
provides a safe method to assess muscle in health, disease and after injury.

The aim of this study is to determine the change in BIA components, 24 h after injury, in a 
group of muscle injuries depending of their severity and diagnosed by objective radiological 
assessment of the localized fluid status and muscle cell damage. We hypothesize that the mag-
nitude of the relative changes in the passive bioelectrical characteristics of the injured muscles 
indicates the severity of the perturbations in the injured muscle.

2. Method

2.1. Muscle injuries sample

Twenty one consecutive muscle injuries (grade I: 11, grade II: 8 and grade III: 2) were studied 
from 2012 July to 2014 February in professional football (soccer) players. Localized BIA was 
determined 24 h after injury and diagnosed by magnetic resonance imaging (MRI). The medi-
cal committee of Futbol Club Barcelona approved the study and each volunteer provided oral 
and written informed consent before participation in the study.

2.2. Measurement of localized bioimpedance

Four adhesive contact electrodes Ag/AgCl (COVIDIEN Ref. 31050522, COVIDIEN llc, 
Mansfield, IL, USA) were placed in the area of the injured muscle. The sensing pair of elec-
trodes measuring the voltage drop (V) was placed 5 cm proximally and 5 cm distally from the 
center of the injury, and the source electrodes injecting the current (I) were positioned close 
to the others (figure 1(a)).

In vastus intermedius injury (only one case), the electrodes for detecting voltage (V) were 
placed 10 cm proximally and 10 cm distally from the center of the injury and two electrodes 
for injecting current (I) were placed close to the others (figure 1(b)) because this muscle is 
anatomically deeper.

In adductors, because the injured site is too close to the groin, we used a transverse posi-
tion of the electrodes, placing two electrodes for detecting voltage (V) 5 cm medially and 5 cm 
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laterally from the center of the injury and two other electrodes for the introduction of current 
(I) close to the others (figure 1(c)).

Figure 1(d) shows details of the electrode. We placed the electrodes for detecting voltage 
(V) close to the electrodes for the introduction of current (I) to maintain a constant distance 
between electrodes for detecting voltage (V) and the electrodes for the introduction of current 
(I). The composition of these electrodes allows the adhesive components of the source and 
detector electrodes to almost touch but not the Ag/AgCl component.

The center of the injury was determined by ultrasound (LOGIQ e, GE Healthcare; 
Milwaukee, WI USA). Considering the proximity of the current-introducing and voltage-
detecting electrodes, we evaluated the inter-tester reproducibility by five individuals inde-
pendently (Nescolarde et al 2013). The mean value of R was 39.6 Ω (SD = 0.6 Ω), and the 
mean Xc value was 14.2 Ω (SD = 0.5 Ω), with coefficients of variation of 1.4 and 3.2%, 
respectively.

We first determined the variability of localized BIA parameters between the left and right 
non-injured muscle area (in the lower limb) of the football players. We measured R and Xc at 
five anatomical areas of muscles prone to football injuries (figure 2) on three different days 
with a 7 d interval between each measurement in 10 non-injured soccer players (19–22 years).

Figure 1. Examples of localized bioimpedance electrode placement in muscle injuries: 
short-longitudinal (a), long-longitudinal (b), transverse (c) and electrode details (d).

Figure 2. Anatomical areas where muscle injuries are common: 1/3 proximal 
quadriceps (a), 1/3 medium quadriceps (b), 1/3 proximal hamstrings (c), 1/3 medium 
hamstrings (d) and adductor (e). These areas were tested on the right and left sides.
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Table 1 shows the range of normal (mean ± 2 SD) asymmetry or variability of R and Xc 
values of the five anatomical sites where football-related muscle injuries are common. The 
wide variability in BIA values (up to 17%) reflects large inter-individual differences in muscle 
mass at each localized site.

The injured players were supine for 15 min before the BIA measurement in the medical 
facility (22–24 °C). The localized BIA measurements were taken at 50 kHz with a tetrapolar 
phase-sensitive bioimpedance analyzer (BIA-101 Anniversary; AKERN-Srl, Florence, Italy), 
which injected a constant sinusoidal alternating current of 245 µARMS. The measured R (the 
reduction in voltage as the applied current passed through the muscle group) and Xc (the cell 
membrane capacitance due to the delay in transmission of the applied current as a result of 
bipolar lipid membranes) indicates the extracellular fluid and electrolyte composition, and 
the cell membrane mass and function, respectively, while the phase angle (PA) indicates cell 
membrane vitality. The measurement errors of the system, determined with a parallel circuit 
of precision resistor and capacitor, were <1 Ω for R and <2% for Xc.

2.3. Magnetic resonance imaging (MRI)

The MRI is the technique of choice for the diagnostic imaging of muscles and tendons to 
assess muscle injuries (Schneider-Kolsky et al 2006) because it provides information about 
the anatomical location, cross-sectional area and extent of the tear (Cohen et al 2011, Lee 
et al 2012). It also can identify the injury site from the origin, proximal myotendinous junc-
tion, muscle belly, distal junction or insertion (Ahmad et al 2013), and is not user dependent 
(Schneider-Kolsky et al 2006).

We used a 3.0T MRI system (Magnetom VERIO, Siemens Medical Solutions, version 
VB 17) with a maximum gradient strength of 45 mT m−1, a minimum rise time of 225 μs, 
and 32 receiver channels, and a dedicated cardiac coil with 16 anterior elements and another 
posterior coil with 16 elements. Sagital and Coronal Fat Sat, TR 4500 ms, TE  35–40 ms, 
inversion time (TI) 200 ms, Eco train 4, FA 120–150°, SL 2.5 mm, in-plane resolution 
 0.7–0.8   ×   0.6 mm2, FOV 380   ×   380 mm, GRAPPA 2, and coronal and axial TSE T1, 
TR 750 ms, TE 24 ms, Eco train 4, SL 2–3 mm, in-plane resolution 0.6   ×   0.5 mm2, FOV 
380   ×   380 mm was acquired. On STIR sequence or fat-suppressed T2 (fluid-sensitive 
sequences), muscle injuries appear hyperintense due to fluid accumulation as intramuscular 
edema or bleeding and fluid-filled gaps. To improve the quality of the soft tissue images, the 

Table 1. Differences between left and right non-injured sides of resistance (R) 
and reactance (Xc) measured in five anatomical sites of 10 football players.

Differences (Ω) Difference (%)

∆R(Ω) ∆Xc(Ω) %R %Xc

1/3 Proximal Quadriceps Mean 0.1 −0.2 −0.5 −1.3
2SD 1.9 1.6 5.9 10.4

1/3 Medium Quadriceps Mean −0.7 0.2 −1.9 1.4
2SD 4.2 1.0 11.2 6.9

1/3 Proximal Hamstrings Mean −0.8 −0.8 −2.6 −5.5
2SD 6.2 1.8 14.8 12.9

1/3 Medium Hamstrings Mean −1.7 −0.3 −4.3 −2.5
2SD 4.2 1.9 10.6 13.8

Adductor Mean −0.2 −0.3 −1.5 −2.0
2SD 5.4 0.7 16.9 5.7
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exogenous, spacing material that facilitates identification of the soft tissue components is 
shown in some of the following figures.

2.4. Data analysis

Data are presented as mean ± SD for the grade I, II and III injury groups; only two grade III 
injuries occurred during the study period. The statistical software IBM® SPSS® version 20.0 
(Armonk, NY: IBM Corp, USA) was used to determine the descriptive statistics and statistical 
analyses described below.

The BIA parameters (R, Xc and PA) determined at the contralateral non-injured side and 
injured side were both obtained 24 h after injury. The impact of the severity of the muscle 
injury was characterized as the % difference in BIA parameters (R, Xc and PA) compared to 
the non-injured side.

The normality of the distribution of the variables was checked by the Shapiro-Wilk test and 
the homogeneity of the variances by the Levene’s test. A one-way ANOVA statistical analysis 
with a Scheffé post-hoc test was used to determine the statistical difference between the % 
difference in R, Xc and PA among the grade I, II and III injuries. Also, a one-way ANOVA 
test was used to determine the statistical differences between R, Xc and PA derived from the 
injured versus non-injured sites for the grade I, II and III injuries. In this second analysis it 
was not possible to conduct a Scheffé post-hoc test because the sample was divided into two 
groups (non-injured and injured). The statistical significance was set at P < 0.05.

3. Results

Unique patterns of localized bioimpedance R, Xc and PA, obtained 24 h after injury, emerge 
according to the severity of the muscle injury.

3.1. Grade I muscle injury

We observed 11 clinical cases of grade I muscle injury. Figure 3 shows a MRI example for 
each anatomical location of these injuries where a fat-suppressed T2-weighted axial image 
shows minimal edema involving a small area of the affected muscle (arrows), and a coro-
nal image shows this minimal abnormal signal of hyperintensity along the injured muscle 
(arrows). Table 2 shows R, Xc and PA values measured 24 h after injury in the injured and 
non-injured sides and the % difference compared to the non-injured side.

Compared to the R, Xc and PA values obtained in the non-injured contralateral site, 24 h 
after injury the values decreased 10.4, 17.5 and 9.0%, respectively.

3.2. Grade II muscle injury

Eight cases of grade II injury were observed: a fat-suppressed T2-weighted axial image shows 
an extensive edema involving a great part of the affected muscle (arrows) and a coronal image 
shows this important abnormal signal of hyperintensity along the injured muscle (arrows). 
Figure 4 shows an MRI scan for each anatomical location of a grade II injury. Table 3 shows 
R, Xc and PA values measured 24 h after injury in the injured side and in the non-injured side 
and the % difference compared to the non-injured side.

In comparison to the R, Xc and PA values of the non-injured limb, 24 h after injury the 
values decreased 18.4, 32.9 and 16.6%, respectively.
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Figure 3. Axial and coronal images from MRI of grade I injuries: (a) left proximal 
long head biceps femoris (Axial (1) and coronal (2) images of the left proximal long 
head biceps femoris showing a grade I injury (the small hyperintensity area of edema).), 
(b) left distal semimembranosus (Axial (1) and coronal (2) images showing a grade I 
injury (small area of edema) in the left distal semimembranous.), (c) left distal long 
head biceps femoris (Grade I injury in the left distal long head biceps femoris. Axial 
(1) and coronal (2) images showing minor edema. Material to separate the limbs is 
shown between right and left thighs.), (d) right proximal adductor longus (Axial (1) 
and coronal (2) images showing a grade 1 injury in the right proximal adductor longus 
(small area of edema).) and (e) left proximal indirect head rectus femoris (Left proximal 
indirect head rectus femoris. Axial (1) and coronal (2) images showing minimal edema.).
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Table 2. Non-injured side and injured side measured 24 h after injury of 
resistance (R), reactance (Xc) and phase angle (PA) and % difference in 11 
grade I muscle injuries.

ID

Age (yr)
H (m)
W (kg)

Non-injured side Injured side

Difference (%)24 h after injury 24 h after injury

R (Ω) Xc (Ω) PA (°) R (Ω) Xc (Ω) PA (°) R Xc PA

Left proximal long head biceps femoris (hamstring), n = 5
GI.1 22 42.0 17.0 22.0 37.0 13.0 19.4 −11.9 −23.5 −12.1

1.73
68.7

GI.2 19 34.0 13.0 20.9 32.0 10.0 17.4 −5.9 −23.1 −17.1
1.72

61.8
GI.3 19 44.8 17.3 21.1 38.5 13.6 19.5 −14.1 −21.4 −7.9

1.76
70

GI.4 22 59.4 14.2 13.4 52.0 11.2 12.2 −12.5 −21.1 −9.6
1.73

67
GI.5 19 38.6 15.2 21.5 35.0 12.0 18.9 −9.3 −21.1 −12.0

1.75
70.2

Right proximal long head biceps femoris (hamstring), n = 1
GI.6 18 48.7 15.0 17.1 41.5 12.6 16.9 −14.8 −16.0 −1.3

1.77
64.6

Left distal semimembranosus (hamstring), n = 1
GI.7 19 47.0 18.0 21.0 43.0 16.0 20.4 −8.5 −11.1 −21.6

1.70
66.3

Left distal long head biceps femoris (hamstring), n = 1
GI.8 17 37.4 14.0 20.5 34.6 11.9 19.0 −7.5 −15.0 −7.5

1.65
66.9

Left proximal adductor longus (adductor), n = 1
GI.9 22 31.0 15.0 25.8 28.0 13.0 24.9 −9.7 −13.3 −3.5

1.74
70.4

Right proximal adductor longus (adductor), n = 1
GI.10 18 29.0 14.0 25.8 26.0 12.0 24.8 −10.3 −14.3 −3.9

1.81
75.6

Left proximal indirect head rectus femoris (quadriceps), n = 1
GI.11 19 32.0 16.0 26.6 29.0 14.0 25.8 −9.4 −12.5 −3.0

1.71
69
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Figure 4. Axial and coronal images from MRIs of the different locations of the grade II 
injuries: (a) right proximal long head biceps femoris (Axial (1) and coronal (2) images 
of an extensive edema (grade II injury) in right proximal long head biceps femoris. 
Material to separate the limbs is shown between right and left thighs.), (b)  right 
proximal semimembranosus (Right proximal semimembranosus. Axial (1) and coronal 
(2) images showing an important hyperintensity signal (edema) in a grade II injury.), 
(c) right distal long head biceps femoris (A grade II injury in right distal long head biceps 
femoris. The important tear is represented by extended edema in the axial (1) and coronal 
(2) images.), (d) left distal adductor longus (Axial (1) and coronal (2) images in left distal 
adductor longus showing a grade II injury. Material to separate the limbs is shown between 
right and left thighs.), (e) right proximal indirect head rectus femoris (Right proximal 
indirect head rectus femoris. An extensive signal of hyperintensity (extensive edema) is 
shown in the axial (1) and coronal (2) images. Material to separate the limbs shown between 
the right and left thighs.) and (f) left deep posterior fascia rectus femoris (Grade II injury in 
the left deep posterior fascia rectus femoris. Axial (1) and coronal (2) images showing an 
extensive edema. Material to separate the limbs is shown between the right and left thighs.).
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3.3. Grade III muscle injury

Grade III muscle injuries were few—only two. Fat-suppressed T2-weighted axial (1) and cor-
onal (2) images show an extensive hematoma inside the muscle with an evident architectural 
distortion of the muscle fibers (asterisks) and an important edema around the injured muscle 
(arrows). Figure 5 shows an MRI for each anatomical location of the grade III injury. Table 4 
shows R, Xc and PA values measured 24 h after injury in the injured side and in the non-injured 
side and the % difference compared to the non-injured side.

Table 5 shows the BIA measurements for the non-injured site and injured muscle for the 
graded muscle injuries as well as the relative changes of BIA values matching the severity of 
the injury.

Table 3. Non-injured side and injured side measured 24 h after injury of 
resistance (R), reactance (Xc) and phase angle (PA) and % difference in eight 
grade II muscle injuries.

ID

Age (yr)
H (m)
W (kg)

Non-injured side Injured side
Difference 

(%)24 h after injury 24 h after injury

R (Ω) Xc (Ω) PA (°) R (Ω) Xc (Ω) PA (°) R Xc PA

Right proximal long head biceps femoris (hamstring), n = 1
GII.1 18 43.3 20.8 25.7 34.4 12.2 19.5 −20.6 −41.3 −23.9

1.85
71.9

Right proximal semimembranosus (hamstring), n = 1
GII.2 19 39.6 14.3 19.8 27.7 7.3 14.6 −30.1 −49.0 −26.3

1.81
75.6

Right distal long head biceps femoris (hamstring), n = 1
GII.3 23 43.2 16.7 21.1 37.6 12.3 18.1 −13.0 −26.3 −14.3

1.75
71.2

Left distal adductor longus (adductor), n = 1
GII.4 23 37.6 12.7 18.7 28.9 9.5 18.2 −23.1 −25.2 −2.5

1.75
71.2

Right proximal indirect head rectus femoris (quadriceps), n = 2
GII.5 20 29.3 15.3 27.5 24.6 9.7 21.6 −16.0 −36.6 −21.5

1.80
68.8

GII.6 22 44.0 14.0 17.7 36.0 10.0 15.5 −18.2 −28.5 −12.0
1.81

74.2
Left deep posterior fascia rectus femoris (quadriceps), n = 2

GII.7 20 29.3 13.4 24.6 25.4 9.3 20.1 −13.3 −30.6 −18.2
1.80

68.8
GII.8 20 37.2 15.0 22.0 32.4 11.1 18.9 −12.9 −26.0 −13.9

1.82
82
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Figure 5. Magnetic resonance coronal and axial images of all of the grade III injuries: 
left vastus intermedius (Left vastus intermedius grade III injury. Axial (1) and coronal 
(2) images showing an extensive hematoma in the affected muscle. Material to separate 
the limbs is shown between the right and left thighs.) (a) and right vastus lateralis 
(Grade III injury in right vastus lateralis where an important hematoma is shown in the 
axial (1) and coronal (2) images. Material to separate the limbs is shown between the 
right and left thighs.) (b).

Table 4. Non-injured side and injured side measured 24 h after injury of 
resistance (R), reactance (Xc) and phase angle (PA) and % difference in two 
grade III muscle injuries.

ID

Age (yr)
H (m)
W (kg)

Non-injured side Injured side

Difference (%)24 h after injury 24 h after injury

R (Ω) Xc (Ω) PA (°) R (Ω) Xc (Ω) PA (°) R Xc PA

Left vastus intermedius (quadriceps), n = 1
GIII.1 17 46.7 19.5 22.7 37.1 8.7 13.2 −20.6 −55.4 −41.8

1.74
69.9

Rigth vastus lateralis (quadriceps), n = 1
GIII.2 18 42.9 17.1 21.7 39.7 8.5 12.1 −7.5 −50.3 −44.4

1.83
76.2
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4. Discussion and conclusion

Determination of the severity of skeletal muscle injuries is problematic. Conventional 
approaches rely on radiological methods that are costly and impractical for routine use. An 
emerging alternative approach is the use of localized BIA that utilizes passive bioelectrical 
measurements to assess the presence and severity of soft tissue damage and the pathophysiol-
ogy of the injury by indirectly identifying muscle cell membrane and connective tissue disrup-
tion, Xc, and fluid distribution, R (Lukaski and Moore 2012, Nescolarde et al 2013).

Muscle injuries are common in football (Ekstrand et al 2011b). We present BIA data on 21 
consecutive muscle injuries of which 52% (n = 11) occurred to hamstrings, 34% to quadriceps 
(n = 7) and 14% to adductors (n = 3). This finding is consistent with epidemiological data 
in football, which indiate that the hamstrings are the most commonly affected muscle group 
(Ekstrand et al 2011b). Fifty-three percent (n = 11) of all injuries are minor (grade I), 38%  
(n = 8) are moderate (grade II) and 9% (n = 2) are severe injuries.

In this study, 18 of the 21 muscle injuries were measured according to the short-longi-
tudinal configuration shown in figure 1(a) (two electrodes for detecting voltage (V) 5 cm 
proximally and 5 cm distally from the center of the injury and two for injecting current (I) 
close to the others), previously defined in Nescolarde et al 2013. One grade III (GIII.1) 
muscle injury and two grade I adductor injuries (GI.9 and GI.10) were measured with dif-
ferent configurations, due to the depth of the injury and because the site was too close to the 
groin, respectively.

In GIII.1 (left vastus intermedius contusion), we used the electrode placement shown in 
figure 1(b) (two electrodes for detecting voltage 10 cm proximally and 10 cm distally to the 
center of the injury and two for injecting current close to the others) due to the depth. Taking 
into account Grimnes and Martinsen (2000, p 134), if the distance between the detecting elec-
trode (V) decreases, the current lines are distributed superficially. Otherwise, if we increase 

Table 5. Summary of mean and standard deviation (SD) of localized resistance 
(R), reactance (Xc) and phase angle (PA) of non-injury and 24 h after injury 
sites in graded skeletal muscle injury.

 

Non-injured side Injured side

Difference (%)24 h after injury 24 h after injury

Grade I Muscle injury (n = 11)

  R (Ω) Xc (Ω) PA (°) R (Ω) Xc (Ω) PA (°) R Xc PA
Mean ±SD 40.4 15.3 21.4 36.1 12.7 19.9 −10.4 −17.5 −9.0

9.2 1.6 3.9 7.6 1.6 4 2.7 4.6 6.3

Grade II Muscle injury (n = 8)

  R (Ω) Xc (Ω) PA (°) R (Ω) Xc (Ω) PA (°) R Xc PA

Mean ±SD 37.9 15.3 22.1 30.9 10.2 18.3 −18.4 −32.9 −16.6
5.9 2.5 3.5 4.9 1.7 2.3 6 8.6 7.6

Grade III Muscle injury (n = 2)

  R (Ω) Xc (Ω) PA (°) R (Ω) Xc (Ω) PA (°) R Xc PA

Mean ±SD 44.8 18.3 22.2 38.4 8.6 12.7 −14.1 −52.9 −43.1
2.7 1.7 0.7 1.8 0.1 0.8 9.3 3.6 1.8
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the distance, the current lines are distributed deeply. In both cases the injecting electrodes (I) 
were close to the detecting electrodes (V).

In adductors (GI.9, left proximal adductor longus, and GI.10, right proximal adductor lon-
gus) the injured sites are too close to the groin (about 4–5 cm), and for this reason the electrode 
placement shown in figure 1(a) was not possible for anatomical reasons. To solve this we used 
a transversal disposition of the electrodes according to figure 1(c) (two electrodes for detect-
ing voltage (V) 5 cm medially and 5 cm laterally from the center of the injury and two for 
injecting current (I) close to the others).

BIA parameters (R and Xc) of contralateral non-injured muscle areas were determined as 
control values. Measurements of both localized areas were made 24 h after injury. In a group 
of 10 non-injured football players, we characterized the upper limit of normal (mean ± 2 SD) 
asymmetry or variability of R and Xc at five anatomical sites where muscle injuries com-
monly occur.

Our estimate of normal bioelectrical variability or asymmetry in Xc is 13.8% in non-
injured muscle. In comparison to the measured values of 21 injured muscles, 19 Xc values 
exceeded the normal variability. The two muscle injuries that had lower variability or asym-
metry (11.1 and 12.5% in GI.7 and GI.11, respectively, were radiologically classified as 
grade I muscle injuries.

Professional athletes can often continue high intensity workouts with muscle conditions 
very close to injury, so some players with ‘real’ injury, that is, positively identified by MRI, 
can feel these troubles as normal (as overuse symptoms or muscle fatigue), allowing them to 
continue to compete without a decrease in their athletic performance. When a player com-
plains of discomfort that will not let him compete well, it’s time to perform diagnostic tests. 
In this study we advocate taking the upper impedance limit of normality according to clinical 
criteria: no injury, no lay-off, thus competition is possible (Fuller et al 2006). This is in the 
case of a player with a lower pain tolerance than the others, thus it affects high athletic perfor-
mance and is the reason why the player needs to stop and we consider it as an injury.

As compared to the non-injury value, the grade III muscle injury was associated with 
a 14.1% decrease in R, a 52.9% decrease in Xc and a 43.1% decrease in PA. As compared 
to the grade III injury, relative decreases in BIA values were attenuated in grade II and I 
muscle injuries. The observed relative decrease in grade II was 18.4% in R, 32.9% in Xc
and 16.6% in PA. For grade I, the observed decrease was 10.4% in R, 17.5% in Xc and 
9.0% in PA.

An ANOVA one-way test showed that compared to the non-injury side, grade I injuries 
show a significant decrease in reactance (F = 15.890, p < 0.001) (Xc) and no significant 
difference resistance (R) and phase angle (PA). Grade II muscle injuries are associated 
with a significant decrease in resistance (F = 6.724, p < 0.021) and phase angle (F = 6.656, 
p < 0.022) and a highly significant decrease in reactance (F = 22.558, p < 0.001). Grade III 
muscle injuries show a significant decrease in reactance (F = 64.890, p < 0.015) and phase 
angle (F = 165.072, p < 0.006) but no significant difference in resistance. Localized BIA 
characterized the severity of the skeletal muscle injury. Disruption of muscle structure, 
demonstrated by a regional determination of Xc, was statistically significant in grade I, 
II and III, being a greater % difference for a greater degree of muscle injury, as we can 
observe in table 5. An accumulation of fluid, as indicated by R, was not significantly dif-
ferent in grade I.

A Scheffé post-hoc test was used to determine the statistical difference between the % dif-
ference in R, Xc and PA among grade I, II and III, showing the following results: the resistance 
only showed a statistically significant contrast in grade I–grade II (SE = 2.232 50, p < 0.008). 
The reactance (Xc) showed a high statistical significance contrasting the three groups analyzed: 
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grade I–grade II (SE= 2.985 59, p < 0.001), grade I–grade III (SE = 4.939 18, p < 0.001), and 
grade II–grade III (SE = 5.079 66, p < 0.004). The phase angle (PA) showed a high statistical 
significance in the following cases: grade I–grade III (SE = 5.150 91, p < 0.001) and grade 
II–grade III (SE = 5.297 41, p < 0.001).

Radiological examination of the muscle injuries provides an empirical basis to relate 
the observed changes in BIA measurements to pathophysiology. Post-injury disruption of, 
or damage to, the integrity of muscle structures is identified with decreases in Xc, whereas 
increases in fluid accumulation can be shown with decreases in R. The results obtained in 
these 21 muscle injuries is consistent with those obtained in our previous work (Nescolarde 
et al 2013), where the largest change was found in the higher grade injury. The parameter 
that sets a pattern of behavior is more marked by the change in Xc as in grade I injuries the % 
change is <23.5, from 25.2 to 49 in grade II and >50.3% in grade III. Changes in R are not as 
specific as those of Xc according to the degree of injury, as we show in table 5, and there is no 
clear pattern of behaviour of R. These observations highlight the sensitivity of this method to 
identify fluid accumulation and muscle cell disruption.

Thus, for example, a grade III injury (GIII.2), which had a percentage change of 50.3% 
in Xc, showed a percentage change in R of 7.5%. This small change in R corresponded 
to the content of the injury being not liquid (blood or edema) but semisolid (cystic hema-
toma), which was confirmed by MRI (figure 5). This is a particular case because it had to be 
removed surgically.

The amount of edema on the MRI as a parameter directly indicative of the severity of the 
injury is debatable, especially since increased signal intensity on fluid-sensitive sequences 
consistent with edema have been shown in MRI at the time of the return to play (Sanfilippo 
et al 2013, Silder et al 2013, Reurink et al 2014). In contrast, Xc, the impedance parameter 
of damage to the integrity of muscle structures, itself could be a more sensitive and specific 
indicator. Recently, Cohen et al (2011) developed a scoring system in hamstring injuries based 
on MRI, where the muscle–tendon retraction (gap-filled) is taken into consideration to clas-
sify injuries according to their severity. Thus it plays an important role as a factor for severe 
injuries and a longer time to return to play. This is fully in line with our observations, where 
a larger difference in the parameter Xc 24 h after the injury leads to more significant injuries.

Localized bioimpedance analysis at 50 kHz with a phase-sensitive analyzer is a safe, non-
invasive method that shows changes in muscle injuries in high-level football players. The most 
significant change is evidenced by Xc, 24 h after injury, showing a pattern in line with the 
severity of the injury, while variations in R are not as indicative. Injuries anatomically located 
deeply and those in the adductor longus, usual in football, must have a protocol of measure-
ment different from the rest.
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Abstract— Localized bioimpedance (BIA) was 
measured with a single frequency phase-sensitive 
analyzer at 50 kHz in three post-traumatic types of 
injuries on four professional soccer players: (1) myositis 
ossificans, (2) intramuscular seroma and (3) trochanteric 
(hip) bursitis. Normal reference value (no injury) was 
obtained from the contra lateral not injured limb at a 
mirror-like location of the injury. The relative variations 
resistance (R) and reactance (Xc) at the time of injury 
was confronted with the not injured values. Relative 
variations between acute measurements and post 
medication ones on intramuscular seroma and bursitis 
have been computed. In intramuscular seroma and 
trochanteric bursitis we have obtained a percent of 
change between injury data and after medical 
intervention. On myositis ossificans, localized BIA 
showed a 7-8 % decrease in Xc whereas the percent of 
change of R was negligible (1 %). These percent of 
changes are in concordance with histological evidence. In 
the case of a presence of seroma or the lower thigh and 
trochanteric bursitis, the soft tissue cavity accumulates 
fluid. Post-injury localized BIA, relative with respect to 
non-injured side, confirmed sizeable soft tissue 
destruction evidenced by 50 % decrease of Xc and 24-31 
% decrease of R due to interstitial fluid accumulation. 
Once the seroma and the blood in the bursitis was 
removed the localized the immediate post-injury BIA 
parameters increased as follows: a) intramuscular 
seroma + 10 % on R and + 74 % of Xc; b) trochanteric 
bursitis + 20 % of R and +24 % of Xc. Localized BIA 
other than classifying soft tissue injuries, can be useful to 
understand the pathophysiology and structural 
impairments of other kind of injuries and to understand 
their behavior.  
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I. INTRODUCTION 
ioimpedance analysis (BIA) is a safe, practical and non 
invasive method to measure the electrical responses to 

the introduction of a low-level alternating current into a 
living organism. A 50 kHz, phase-sensitive bioimpedance 
analyzer yields passive bioelectrical measurements of 
impedance (Z) and its components including resistance (R), 
which is the opposition to the flow of an alternating current 
through intra- and extra-cellular ionic solutions, and 
reactance (Xc), which indicates the capacitive component of 
tissue interfaces and cell membranes concentration. The 
parameter Xc is associated with the cells density and 
integrity of soft tissue structures and R with hydration state 
of soft tissue [1]. 

Localized BIA has been used to study muscle injuries in 
professional soccer players [2, 3] showing a pattern of 
reduction of complex bioimpedance parameters (R, Xc and 
PA) directly related to the severity of the injuries. Also, a 
similar method based on measuring local electrical 
impedance of muscle groups, has been used for the 
evaluation of neuromuscular damage [4]. 

Soccer is a high risk activity for muscle injury because it 
includes repetitive efforts of sprinting, kicking and jumping 
[5] and it is a “contact” sport [6]. 
 The aim of this study is to analyze the changes of 
localized BIA measurements over recurrent types of injuries 
that can occur in soccer: post-traumatic myositis ossificans, 
post-traumatic intramuscular seroma and post-traumatic 
trochanteric (hip) bursitis. 
 

II. MATERIAL AND METHODS 

A. Sample 

Four different male players belonging to the under-18 
team of Futbol Club Barcelona (FCB) participated as 
volunteers in the study. Guardians of each player signed an 
informed consent and the local medical committee of FCB 
approved the study.  

Two players were affected of a post-traumatic myositis 
ossificans, one player was affected of a post-traumatic 
intramuscular seroma and the last one, a goalkeeper, was 
affected of a post-traumatic trochanteric bursitis. 

Measurements were made in the Medical Department of 
FCB when the players called for medical care after they 
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were injured. 
 

B. Electrode placement 

Four adhesive contact electrodes Ag/AgCl (COVIDIEN 
Ref. 31050522, COVIDIEN llc, Mansfield, USA) were 
placed over the area of the injured muscle. The pair of 
sensing electrode was placed, after supine position, 5cm 
from either side from the center-line of the injury and the 
current source couple was positioned close to sensors. These 
electrodes have an encased conductive pre-gelled spot and 
the adhesive encircling part is not conductive. 

 

C. Bioimpedance Analyzer 

A BIA single frequency tetra-polar BIA (BIA 101 
Anniversary AKERN/RJL Systems) was performed using an 
alternating sinusoidal electric constant current of 400 μA at 
an operating single frequency of 50 kHz. The device was 
verified daily for its calibration using the standard control 
circuit supplied by the manufacturer having a known 
complex impedance circuit (Resistance = 380 Ω; Reactance 
= 47 Ω). The accuracy of the device was 1% for resistance 
(R) and 1% for reactance (Xc). 
 

D. Data Analysis 

According to our previous findings [2, 3] we observed as 
a normal reference, the contra lateral non-injured side. We 
calculated the percent of change in R and Xc at the time of 
injury. In cases of medical treatment (intramuscular seroma 
and trochanteric bursitis), we obtained in addition the 
percent of change between acute injury data and after 
medication. 

 

E. Diagnostic method 

All injuries were diagnosed by ultrasound (LOGIQ e, GE 
Healthcare; Milwaukee, WI; USA). 

 

III. CASE REPORTS AND RESULTS 
Type 1: Post-traumatic myositis ossificans 

Two soccer players (17 years, 1.70 m, 64.5 kg and 18 
years, 1.73 m, 69.6 kg respectively) called for medical 
attention because of continuing discomfort due to a direct 
trauma occurred at the anterior thigh 6 weeks before. Both 
players kept playing normally during this time. The 
ultrasound (US) scan showed a myositis ossificans in each 
player (Figure 1). Figure 2 shows the electrode placement 
method and Table 1 reports the localized BIA 
measurements. 

 

 

 

       
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Type 2: Post-traumatic intramuscular seroma 
A soccer player (17 years, 1.75 m, 72.2 kg) asked for 

attention for discomfort and swelling of the lower thigh 10 
days after a direct trauma of the anterior thigh. He could 
play normally during this time. The US scan showed a vast 
intramuscular seroma (Figure 3) and 80 milliliters was 
removed by ultrasound-guided needle aspiration. Figure 4 
shows the electrode placement, Figure 5 identifies the 

             
 
 

         Figure 2: Electrode placement to assess myositis ossificans. 

 
TABLE 1 

LOCALIZED BIA IN CASE OF MIOSITIS OSSIFICANS 

 
No injured 

thigh  
 

Injured thigh 
(6 weeks 

after 
contusion) 

% of change 

 R 
(Ω)  

Xc 
(Ω) 

R 
(Ω)  

Xc 
(Ω)  R Xc 

Player 1 37.7 14.8 37.2 13.6 ↓1.3 ↓8.11 
Player 2 38.9 16.7 38.5 15.5 ↓1.3 ↓7.19 

 
Figure 1: US longitudinal image of the anterior thigh. The 
myositis ossificans is view as an irregular hyperechoic 
line (arrows) upper the femur (asterisks). 
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Type 3: � Post-traumatic trochanteric bursitis 
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