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Abreviatures

DEC: Diferencia excéntric-conceéntric.
Parametre resultant de substraure el rati excéntric/concéntric a velocitat baixa del rati a
velocitat baixa

RE/C: Rati excéntric/conceéntric.
Parametre resultant del cocient entre el registre de moment maxim de forga excentric i
el concentric a la mateixa velocitat

MM: Moment maxim.
Parametre principal de valoracié de la forca muscular mitancant dinamometria iso-
cinética.

CV:  Coeficient de variacio.
Mesura de la variabilitat d’'un parametre que es calcula dividint la desviacié estandard
pel promig

VPP: Variancia promig puntual.
Parametre de variabilitat de mesures isocinetiques que es calcula restant el promig de
quatre repeticions de forca isocinética del registre maxim de les quatre

EMG: Electromiografia
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Capitol 1

Proleg

Few things are impossible to diligence and skill.
Great Works are performed not by strength, but perseverance.

Samuel Johnson
Autor angles, critic i lexicograf (1709 — 1784)

Ara fa més de 17 anys, quan em vaig incorporar, a la primavera de I'any 1995, a treballar com
a metge adjunt al servei de rehabilitacié de I’'Hospital Mutua de Terrassa (ara Hospital Univer-
sitari Mdtua de Terrassa) i, uns mesos més tard, a Mutua Egara (tal com s’anomenava Egarsat
aleshores), va comencar el llarg cami que ha cristal-litzat en el present treball. De fet, ja durant
la residéncia al servei de rehabilitacio de I’Hospital Universitari Germans Trias i Pujol (Can Ruti),
on ja s’havia desenvolupat un laboratori de proves funcionals, vaig viure una primerenca neces-
sitat imperiosa de mesurar els aspectes que es treballen a la practica de la rehabilitacio. Ja a
Terrassa, amb tota la il-lusié que es pot tenir amb 28 anys per créixer professionalment, em vaig
trobar com a cap de servei a la Roser Garreta. La Dra. Garreta estava fermament decidida a
implementar I'organitzacié d’un laboratori de biomecanica. L’agulla es degué enfilar bé doncs el
somni d’aleshores s’ha acomplert amb escreix; hores d’ara, a Egarsat disposem d’un laboratori
de biomecanica dels més complets del nostre entorn.

Pel que fa a la meva implicacié en la valoracio de la forga muscular mitjancant dinamometria
isocinetica tot va comencar a Mutua Egara-Egarsat, on, a finals del 1997, es va decidir comprar
un dinamometre isocinétic (el Cybex Norm) per mesurar la forgca muscular. A mi em va tocar
posar-lo en marxa, fet que ha marcat profundament la meva carrera des d’aleshores. Rapida-
ment vaig poder comprovar la gran utilitat i validesa de la dinamometria isocinética en el dia a
dia de la practica clinica de la rehabilitacié. No endebades, en I'ambit de la rehabilitacié mus-
culoesquelética el treball de la forgca muscular sempre és un aspecte fonamental, per tant, la
mesura de la mateixa també ho és. L'Us clinic de la dinamometria rapidament em va donar, i em
continua donant, immenses satisfaccions com a metge rehabilitador. No obstant, de seguida, i
donat I’entorn médico-legal en que es treballa en la medicina laboral, es va comencgar a generar
una demanda de proves per avaluar déficits en relacié a la capacitat laboral. En altres paraules,
inexorablement, va sorgir la necessitat de donar resposta a situacions medico-legals. La impli-
cacio en aquesta tasca va suposar un salt qualitatiu important durant la realitzacié de les proves,
doncs aparegué la qlestio, gens menor, de la estimacio de la col-laboracié dels pacients durant
la realitzacié de les mateixes per tal d’assegurar la seva validesa. En aquesta tessitura em vaig
haver d’espavilar i buscar referencies d’autors que haguessin treballat aquest tema. Es aixi com
vaig trobar una monografia i els primers articles del professor Zeevi Dvir, on propugnava I’analisi
del contrast entre les contraccions concéntriques i excéntriques per valorar la sinceritat de I'es-
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forg i descrivia un parametre, la diferencia excentric concentric (el DEC), eficient per avaluar el
nivell de col-laboracio dels subjectes mentre realitzen una prova isocinética. En aquell moment
(finals del segle passat) només s’havia demostrat la seva utilitat en flexo-extensors de genoll i
colze. La Roser Garreta i jo ens vam assabentar que, a inicis del 2000, hi havia un congrés de la
societat europea d’isocinétics (EIS) a Bruges on anava el professor Dvir. Alli vam anar i el vam
coneixer. Aquell va ser un altre moment clau de la meva carrera professional doncs es va iniciar
una relacié altament fructifera que ha esdevingut d’amistat. En aquella trobada ja vam parlar
de la necessitat d’avaluar la sinceritat de I’esfor¢ en I'espatlla, probablement aquella conversa
va ser I'inici de tot plegat. A més, el vam convidar a unes jornades que vam organitzar, a finals
d’aquell any 2000 a Terrassa, per celebrar la inauguracio del nostre laboratori de biomecanicaii el
centenari de la institucié on vam acabar de afiancar la nostra relacié. Des d’aquell moment i amb
la incorporacio6 inicial de I’Angels Abril, la Carme Unyé i I’'Eduard Pujol i, posterior, del Valentin
Freijo, la Monica Garcia, la Natalia Ridao, la Dores Sanchez, I'Olga Kharseeva i el Jesus Carnicer
vam comengcar a utilitzar intensivament i extensiva la dinamometria isocinética en la practica di-
aria de la rehabilitacio i en la definicié de sequieles o situacions medico-legals. Aixi, actualment,
la utilitzacié de la dinamometria isocinética ha esdevingut quotidiana en la practica de la reha-
bilitacié a Egarsat. Sens dubte, aquest ha estat el repte més important que hem assolit com a
grup. D’altra banda, al mateix temps vam posar en marxa treballs de recerca dirigits a estudiar
aspectes de col-laboracioé i, en definitiva, la validesa de la dinamometria isocinética en diferents
aspectes. La majoria dels treballs son inclosos en el present document. Cal remarcar que en el
present document es plasma una petita part del resultat d’una quantitat ingent de feina, clinica
i de recerca, realitzada durant els darrers anys per molta gent, a qui estic profundament agrait.

Els diferents estudis recollits en el present document expliquen diferents aspectes de la valo-
racié de la forca muscular que hem investigat i que espero puguin ajudar a establir la validesa
de la dinamometria en la practica de la rehabilitaci6 musculoesquelética en el entorn laboral. La
practica de la rehabilitacié en aquest entorn té unes singularitats que han condicionat la tasca
de recerca aqui desenvolupada. El neguit més important a I’hora dur a terme proves funcionals
amb utilitat clinica en els pacients laborals és determinar la seva fiabilitat. Per aixd es molt im-
portant, tal com s’ha comentat més amunt, intentar establir parametres que indiquin el nivell
de col-laboracié per dues raons: assegurar la rellevancia clinica de les proves i recolzar el seu
eventual Us medico-legal. Per tant, el tema central de recerca de la present tesi és I’avaluacié del
nivell de col-laboracié durant la realitzacié d’una prova isocinética (concretament amb el DEC).
En estreta col-laboracié amb el professor Dvir, hem estudiat aquest parametre, aprofundint en
I'avaluacié dinamomeétrica isocinética de la musculatura rotadora externa del muscle. Es per
aixo que dels dos articles centrals de la tesi, el primer (publicat a la revista Clin Rehabil el 2007)
descriu la utilitat del DEC en la valoracio del nivell d’esforg realitzat per voluntaris sans durant
una prova isocinética de rotadors externs i, el segon, la seva aplicacié practica en una poblacié
de 74 pacients laborals reals amb patologia d’espatlla. De fet, aquest darrer estudi, acceptat al
J Eletromyogr Kinesiol, i actualment en premsa, per les seves implicacions cliniques, és el que
em va empeényer a decidir a fer una tesi doctoral i amb aquest objectiu vaig contactar amb el Dr.
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Javierre qui m’ha guiat amb encert fins aqui. Previament a aquests dos articles ja hi va haver un
treball preliminar (publicat a la revista Rehabilitacion (Madr) el 2002) en que s’utilitzaven parame-
tres basats en el contrast entre les contraccions concéntriques i excentriques (el rati excentric/
concentric) per estimar el nivell de col-laboracié durant la realitzacié de proves dinamomeétriques
en pacients laborals i que s’inclou a mode d’introduccié al tema. Posteriorment, la recerca s’ha
continuat assajant el protocol de valoracié de rotadors externs en un dispositiu isocinétic d’'una
altra marca i en un recorregut articular curt amb resultats que perfilen les troballes previes (enviat
a publicar a la revista Disability & Rehabilitation). Per tant, aquests dos treballs es comenten a
continuacioé. Paral-lelament als estudis realitzats centrats en I'articulacié de I’espatlla es varen
realitzar treballs focalitzats en I’avaluacié de diferents aspectes de la forca muscular i la seva
avaluacio a I'avantbrag i la seva relacié amb I’epicondilitis, patologia molt freqlient en I’entorn
laboral. En aquest cas també s’ha aconseguit demostrar la utilitat del DEC en I’estimacié del
nivell de col-laboracié durant la realitzacié d’una prova isocinética de flexors dorsals i palmars
del canell (s’afegeix el treball que s’ha enviat a la revista Eur J Phys Rehabil Med). Iguament es
van dur a terme dos estudis, publicats al Conf Proc IEEE Eng Med Biol Soc (del 2005 i el 2007),
que mostren la potencialitat de I’Us conjunt de la EMG de superficie i la dinamometria isometri-
ca en l'avaluacié funcional de la musculatura de I’avantbrag. Aquests mostraren unes troballes
interessants pel que fa a I’activacié muscular que podrien ser especifiques de pacients amb
epicondilitis. Per acabar, pel que fa al canell, també s’ha afegit un estudi publicat recentment
(novembre del 2012) al Eur J Phys Rehabil Med, identificant un perfil de forca muscular dinami-
ca en expacients amb epicondilitis que pot indicar un desequilibri de forca muscular. El genoll
també ha cridat la nostra atencié pel que fa a la recerca i hem participat en un estudi, publicat
el 2010, també al Eur J Phys Rehabil Med, de fiabilitat d’un protocol de fatiga dinamica aixi com
en la presentacié dels resultats de I’aplicacié d’un protocol accelerat de rehabilitacié de les
plasties de lligament encreuat anterior mitjangant un protocol accelerat en pacients laborals en
que la forca muscular es monitoritzava mitjangcant dinamometria isocinetica, publicat el 2001 en
la revista Rehabilitacion (Madr). En definitiva, el present document representa un compendi de
10 treballs que tenen I'avaluacio de la forca muscular com a denominador comu. Tots plegats
penso que reflexen be la realitat de la rehabilitacio laboral (predominancia com a focus d’interes
de la extremitat superior sobre la inferior, és a dir 8 treballs centrats en la primera contra 2 en la
segona) i toquen temes com la fiabilitat, el nivell de col-laboracio, la validesa, i, per tant, la utilitat
clinica de la dinamometria isociné&tica en la rehabilitacid musculo-esquelética en la poblacié de
pacients amb lesions laborals.

Com a mena d’epileg, s’adjunta una editorial, publicada el 2010 en la revista Rehabilitacion
(Madr), en la que es fa una reflexié de la importancia de les proves biomecaniques en general
i de la dinamometria isocinetica en particular en la practica de la disciplina de la rehabilitacié.
Espero i esperem que pugui ser d’utilitat a professionals implicats en la rehabilitacio i avaluacio
de pacients laborals 0 musculo esquelétics en la seva practica habitual.

Barcelona, desembre 2012
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Capitol 2

ntroduccio General.

-orca muscular, la dinamo-
metria iIsocinetica, la fiabilitat
de les mesures, la validesa
clinica de les proves isocine-
tiques, I'avaluacio del nivell
de col-laboracio | aspectes
medicolegals en la practica
de la rehabilitacid musculo-
esqueletica

<<0oV yap €un ic £€00> oln mdpog éokev évi yvapumntoiot péAeoov.ei0»
WG NPwotLpL Bin té pot Eumedog einwg 0ot HAegloto>>
“Yo ya no poseo el vigor que solia albergar en mis flexibles musculos”

(Comentari que fa el vell Néstor, avid per lluitar contra els ciutadans de Troia,
quan s’assabenta que Aquiles es nega a lluitar contra els troians)

lliada. Homer. Cant XI. Versicle 669
Traduccio d’Oscar Martinez Garcia
Alianza Editorial, 2010
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La frase en boca de I’heroi Néstor, de la lliada, mostra fins a quin punt és d’antiga la preocupacié
per la forca muscular. El vigor o la forca muscular, objectiu central i ben actual dels que ens dedi-
quem a ajudar als que I’han perdut per la vellesa o altres raons, era en aquelles époques remotes
la condicio fonamental per dur a terme accions bel-liques. Per tant, els que patien mancanca de
forca eren en una situacié de desavantatge. De fet, en aquell moment, probablement, el métode
principal que tenien de mesurar la forca muscular era batre’s en el camp de batalla. Hores d’ara,
afortunadament, la forca ja no es mesura en el camp de batalla. No obstant, la forca muscular
continua essent essencial per dur a terme qualsevol activitat (tant laboral com quotidiana o del
lleure) i, per tant, en situacions d’incapacitat esdevé un dels objectius centrals de la rehabilitacio;
fet que fa que la seva mesura sigui indispensable. Actualment, disposem de sistemes menys
perillosos per mesurar-la, entre ells la dinamometria isocinética. En efecte, I'Us d’aquesta en la
mesura de la forca muscular de pacients musculo-esquelétics en I'entorn laboral és el principal
tema del present treball. En ell s’aprofondira en aspectes de la utilitat de la mesura de la forga
muscular en la rehabilitacio musculoesquelética en general i en I'entorn laboral en particular.
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2.1. Importancia de la forca muscular en rehabilitacio

El darrer Informe mundial sobre discapacitat de la OMS (2011) (World report on disability 2011)
defineix la rehabilitaci6 com “un conjunt de mesures que ajuden a les persones que tenen o,
probablement, tindran una discapacitat a aconseguir i mantenir el funcionament optim en la
interaccio amb el seu ambient”. Des del punt de vista funcional la forca muscular es crucial.
Aquesta importancia es reflexa en el fet que, per segona vegada, en la darrera edicié de manual
de rehabilitacié de referencia internacional DelLisa’s Physical Medicine and Rehabilitation (Fron-
tera, DeLisa, Gans, Walsh, & Robinson L.R., 2010) s’inclou un capitol sencer dedicat a I’avalu-
acié de la funcié del muscul en humans. La primera frase d’aquest capitol es molt indicativa i
podria representar el mandat que ha guiat tot el present treball: “la rellevancia de la musculatura
estriada en la realitzacio de tot tipus d’activitats fisiques (p.e. terapéutiques, recreacionals, ocu-
pacionals i altres) i la participacio adecuada en les activitats de la vida diaria i obligacions socials
hauria de ser ben apreciada per tots aquells que treballen en la rehabilitacio” (Frontera & Lexel,
2010). En rehabilitacio, la seva importancia ve donada perqué des del punt de vista funcional, en
general, la forca muscular s’ha associat a unes velocitats de marxa confortable i maxima més
grans (Buchner, Larson, Wagner, Koepsell, & de Lateur, 1996; Rantanen, Guralnik, Izmirlian et
al., 1998), la incidéncia i prevaléncia de discapacitat (Rantanen, Guralnik, Leveille et al., 1998;
Rantanen, Guralnik, Ferrucci, Leveille, & Fried, 1999; Rantanen et al., 1999), I'’equilibri (Ranta-
nen, Guralnik, Ferrucci, Leveille, & Fried, 1999), el temps per aixecar-se d’una cadira (Millington,
Myklebust, & Shambes, 1992; Wretenberg & Arborelius, 1994), la capacitat de pujar escales
(Schroll, Avlund, & Davidsen, 1997), incidéncia de caigudes(Lipsitz et al., 1994) i el percentatge
de supervivéncia en gent gran(Katzmarzyk & Craig, 2002; Laukkanen, Heikkinen, & Kauppinen,
1995). D’altra banda, la poténcia o la velocitat amb que es pot produir for¢ca, també mostra una
associacié positiva i significant amb el nivell funcional(Bean et al., 2002; Brill, Macera, Davis,
Blair, & Gordon, 2000). Aixi, en general, totes aquestes evidencies reforcen la conclusié de que
augmentant i mantenint la forga i resisteéncia muscular al llarg de la vida, ja sigui des del punt de
vista de la prevencié com del de la rehabilitacid, pot reduir la prevaléncia de limitacions en les
activitats recreacionals, domestiques, quotidianes i de cura personal, tant en situacié de salut
preservada com en la malaltia.

En la rehabilitaci6 musculoesquelética, obviament, la forca muscular es clau. De fet, la forca
muscular (junt amb la flexibilitat, I’equilibri i la coordinacié) es un dels components claus sistema
neuro-muscular(Gotlin & Huie, 2000) que s’han definit com objectius clars dels programes de
rehabilitacio. L'entrenament de la forca muscular s’ha mostrat eficag com a part fonamental de
protocols de rehabilitacié de nombroses patologies musculoesquelétiques, tant freqlients i amb
un impacte sanitari i economic tan important com la patologia de manegot (Ellenbecker & Cools,
2010; Littlewood, Ashton, Chance-Larsen, May, & Sturrock, 2012), el dolor lumbar (Kristensen
& Franklyn-Miller, 2012; Rainville et al., 2004), I’epicondilitis (Kristensen & Franklyn-Miller, 2012;
Trudel et al., 2004) i I'artropatia degenerativa de genoll (Kristensen & Franklyn-Miller, 2012; K. R.
Vincent & Vincent, 2012).
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En definitiva, en el tractament i monitoritzacié de I’evolucié dels pacients de rehabilitacié en
general i els musculoesquelétics en particular, I'avaluacié de la forca muscular esdevé crucial.
A la fi de registrar la forga muscular disposem de diferents métodes(Frontera & Lexel, 2010): el
balan¢ muscular manual, els tests isomeétrics (dinamdmetre d’urpa jamar, dinamometres man-
uals (“hand held”)), el métode de una repeticié maxima (1RM) i la dinamometria isocinética.
Aquest darrer metode, basat en el principi d’avaluar la forca muscular durant la realitzacié d’un
moviment angular o linear a velocitat constant, es considerat el “gold standard” per avaluar la
capacitat de forca muscular(Jarvela, Kannus, Latvala, & Jarvinen, 2002; Stark, Walker, Phillips,
Fejer, & Beck, 2011)
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2.2. Mesura de la forca muscular mitjancant dinamome-
tria isocinetica: fiabilitat i validesa

Els tests isocinétics han demostrat avantatges rellevants respecte a les altres mesures de forca
muscular (balang muscular manual, tests isométrics amb dinamometres manuals, tensiometria
per cable i resisténcia basada en sistemes hidraulics) doncs la dinamometria isocinética es la
Unica capag¢ de detectar diferencies bilaterals inferiors al 20-25%(H. Hartsell, Hubbard, & Van
Os, 1995; Mathur, Makrides, & Hernandez, 2004). Aquest fet explica que hagin estat el “gold
standard” per avaluar la capacitat de forca muscular (Jarvela, Kannus, Latvala, & Jarvinen, 2002;
Stark, Walker, Phillips, Fejer, & Beck, 2011).

La dinamometria isocinética va ser possible a partir de I’aparicié del Cybex | a finals dels anys 60
(Malone, 1998). Probablement I'atribut fonamental dels dinamometres es la capacitat de fer que
els pacients/subjectes duguin a terme un exercici amb una resisténcia variable que s’acomoda,
mantenint la velocitat constant, a la forca que realitzen en cada moment del recorregut articular
(Dvir, 2003; Walmsley & Pentland, 1993). Ja fa molts anys, es va demostrar que els exercicis
isocinetics augmentaven el volum de treball fet per repeticié en comparar-ho amb un exercici
isotonic (Moffroid, Whipple, Hofkosh, Lowman, & Thistle, 1969), per tant, els dispositius isocine-
tics poden fer generar als usuaris el maxim esfor¢ durant tot el rang articular en que es realitza
I’exercici. Aquest fet fa que les mesures isocinetiques suposin una mesura molt mes exhaustiva
de la forga muscular dinamica en un determinat rang articular quan es compara amb altres sis-
temes de mesura. Els dinamometres isocinétics consisteixen, basicament, en un dinamometre
connectat a un ordinador que processa les dades i que es pot aliniar amb I'articulacié a mesurar
mitjancant diferents adaptadors i ajustos (veure figura 1).

Figura 1. Pacient posicionat
a un dinamometre isocinetic
duent a terme una prova de
flexo-extensors de colze.
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Amb ells es poden obtenir tot un seguit de variables de rendiment muscular. Entre elles desta-
quem el moment maxim (MM), moment de forca angle especific, el treball i la poténcia. Cal des-
tacar que aquestes variables es poden obtenir tant en contraccié concentrica com exceéntrica.
Indubtablement el MM es el parametre central en I’Us clinic de la dinamometria isocinética (veure
figura 2).

Ext Flen

Tioresef Fim} Towrauaf Wim|
mo LY

mn

i ; IIJ{ ,I|I 20 I .#. '..I\\

1g—d

{ T T L T L T L T T o ¥ L] T L L T L T L paam

2 B B =] ] = L] i e ] plile] iz B -BE Ef -50 -2 & -6 o8 [ d]
Femibion] deq] 1Pz oy g |

Figura 2. Grafica moment de forca (Moment)-recorregut articular dels m. flexoextensors de la espatlla en un pacient
afecte de reseccio de I'extrem distal de clavicula dreta. En vermell canté sa (esquerre) i en verd el canté afecte (dret). El
MM es el punt culminant de les grafiques.

Aixi, en la practica habitual, quan s’avalua la forca al voltant d’'una articulacié, es registren els

MM de cada canté i aplicant la formula:

Deficit=  1- _MMafecta  ,4qp.
MM sana

en general , es poden obtenir déficits que podem graduar com rellevants a partir d’'un 20%
(Sapega, 1990). Igualment, podem definir els déficits com lleus (20-50%), moderats (51-75%) o
severs (>76%) (Dvir, 2004).

En alguns casos, especialment en I’entorn de I’esport, per avaluar desequilibris musculars, es
calculen ratis de MM agonista/antagonista (per exemple rotadors exters/rotadors interns i fle-
xors/extensors per espatlla i genoll, respectivament). Pel que fa als ratis, molt especialment en

@ Utilitat de la dinamometria en la rehabilitacié de patologia musculoesqueletica en pacients laborals



I’esport, s’ha definit el rati dinamic que barreja contraccions excentrigues amb concéntriques.
Aixi, pel que fa al genoll, es calcula fent el quocient entre els flexors a modalitat excéntrica i els
extensors a modalitat concéntrica (Hole et al., 2000). A I'espatlla el rati dinamic més definit es
el resultant del quocient entre les mesures de rotadors externs en modalitat excéntrica i les de
rotadors interns en concéntrica (Noffal, 2003).

Un punt fonamental en la utilitat clinica de les proves isocinetiques es la seva fiabilitat. En els
tests isocinétics quan es parla de fiabilitat, normalment, es refereix a la reproductibilitat o fiabi-
litat test-retest. Es a dir, en una situacié d’estabilitat, dues mesures seguides han de produir re-
sultats similars. Si aquesta premissa no es dona, ens podem trobar que diferencies en mesures
successives siguin degudes a errors en la mesura. En aquest sentit es molt important remarcar
que la precisi6 (derivada de la seva qualitat intrinseca) dels dispositiu isocinétics no assegura
la fiabilitat. Es a dir, amb un dispositiu molt precis es poden dur a terme proves poc fiables. De
fet, la fiabilitat, que és a la base de la validesa, es un tema major i complex en les proves isoci-
netiques. Un test isocinétic €s una experiéncia singular en que un o varis examinadors avaluen
mitjancant un dinamdmetre isocinétic un subjecte o pacient que realitza una accié voluntaria.
Per tant, es poden identificar multiples factors que incideixen en la fiabilitat (Dvir, 1995). En pri-
mer lloc, els derivats del dispositiu com la calibracié o el processament de les dades. En segon
lloc, els relacionats amb el procediment (posicionament, fixacio, etc.) i protocol de valoracié
(numero de tests, periodes de repds, estimuls verbals, etc.). Finalment, els factors més lligats
als observadors (explicaci6 al pacient, interpretacié de dades, etc.) i, molt especialment, al pa-
cient o subjecte en si (motivacid, col-laboracio, comprensid, etc.). Com molt be resumeix Dvir
(Dvir, 2004) en la seva darrera monografia sobre isocinetics, les mesures derivades d’aquests
incorporen multiples fonts de variacio, des de aspectes purament técnics (aparentment contro-
lables) fins aspectes neuro-conductuals tan complexos com la motivacié del subjecte o pacient
durant la realitzacié de la prova (probablement molt menys controlables). No obstant, malgrat
les dificultats, la fiabilitat dels dinamometres isocinetics ha estat ampliament estudiada i, en
gran mesura,s’ha demostrat alta o molt alta en I'avaluacié de la forca muscular del genoll (L.
E. Brown, Whitehurst, & Bryant, 1992; L. E. Brown, Whitehurst, Bryant, & Buchalter, 1993; Ca-
llaghan, McCarthy, Al-Omar, & Oldham, 2000; Caruso, Brown, & Tufano, 2012; Carvalho et al.,
2011; Greenblatt, Diesel, & Noakes, 1997; Hartmann, Knols, Murer, & de Bruin, 2009; Maffiuletti,
Bizzini, Desbrosses, Babault, & Munzinger, 2007; Wilson, Walshe, & Fisher, 1997), articulacio de
I’espatlla (L. E. Brown, Whitehurst, Findley, Gilbert, & Buchalter, 1995; Caruso, Brown, & Tufano,
2012; A. M. Cools, Erik E. Witvrouw, E. E., Danneels, Vanderstraeten, & Cambier, 2002; Dauty et
al., 2003; Durall et al., 2000; Ellenbecker & Davies, 2000; Forthomme, Dvir, Crielaard, & Croisier,
2011; Frisiello, Gazaille, O’Halloran, Palmer, & Waugh, 1994; Hill, Pramanik, & McGregor, 2005;
Ly & Handelsman, 2002; Mandalidis, Donne, O’Regan, & O’Brien, 2001; L. A. May, Burnham, &
Steadward, 1997; F. Mayer, Horstmann, Kranenberg, Rocker, & Dickhuth, 1994; Montgomery,
Douglass, & Deuster, 1989; Mueller, Mayer, Baur, & Mayer, 2011; Orri & Darden, 2008; W. E.
Pentland, Kai Lo, & Strauss, 1993; Perrin, 1986; Plotnikoff & MacIntyre, 2002; Siston & Dyson-
Hudson, 2007), I'anca (Callaghan, McCarthy, Al-Omar, & Oldham, 2000; Caruso, Brown, & Tufa-
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no, 2012; Claiborne, Timmons, & Pincivero, 2009), el turmell (E. Aydog, Aydog, Cakci, & Doral,
2004; Caruso, Brown, & Tufano, 2012; De Noronha & Junior, 2004; Hartmann, Knols, Murer, &
de Bruin, 2009), el canell (Caruso, Brown, & Tufano, 2012; H. D. Hartsell, Hubbard, & Van Os,
1995; S. Poulis, Rapanakis, Pastra, Poulis, & Soames, 2003), el colze (Deighan, De Ste Croix,
& Armstrong, 2003; Demura, Miyaguchi, & Aoki, 2010; Griffin, 1987; Howatson & van Someren,
2005; Kakebeeke, Lechner, & Handschin, 2005) i la columna lumbar i cervical (Byl & Sadowsky,
1993; Caruso, Brown, & Tufano, 2012; Delitto, Rose, Crandell, & Strube, 1991; Timm, Gennrick,
Burns, & Fyke, 1992).

Respecte a la validesa dels isocinétics podriem diferenciar la concurrent (capacitat de mesurar
la forga muscular i la seva relacié amb la situacio real del subjecte o pacient) i la predictiva (ca-
pacitat de predir events en relacié a uns resultats actuals). Quant a la primera, ja I'any 1994, en
Kannus (Kannus, 1994) afirmava que no hi havia dubte de la utilitat dels isocinétics en la moni-
toritzacié del guany de forga muscular en rehabilitacié i, per tant, de la seva correlacié amb la
situacié muscular dels pacients de rehabilitacié. Pel que fa al genoll, la seva validesa en la avalu-
acioé de la forca muscular en pacients operats de plastia de ligament encreuat anterior s’ha evi-
denciat en una recent revisio (Pua, Bryant, Steele, Newton, & Wrigley, 2008), en que es destaca
la correlacio entre els resultats dels tests isocinétics i els de les escales funcionals autoaplicades
pels pacients. Pel que fa a I’espatlla, també s’ha constatat la seva validesa en la monitoritzacié
clinica, especialment amb la utilitzacié de ratis agonistes/antagonistes (Codine, Bernard, Pocho-
lle, & Herisson, 2005). En la figura 3 es mostra un exemple de monitoritzacié de la forga muscular
de rotadors externs d’espatlla en un pacient intervingut de la ruptura de manegot
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Figura 3. Monitoritzacié de la forga muscular dels rotadors d’un pacient afecte de la ruptura de manegot intervinguda.
Les grafiques de la dreta mostren les curves forga-velocitat dels rotadors externs on es veu la progressiva millora al llarg
del temps de seguiment dels registres del cantd afecte (marrd) fins practicament superposar-se amb els del cantd sa
(verd).

Al canell es destacable un recent treball on es mostra la validesa, diferenciant pacients afectes
de sindrome de tunnel carpia de un grup de voluntaris sans (Reichard, Katz-Leurer, Rubinstein,
Croisier, & Dvir, 2010), de manera que els primers tenien una debilitat significativa al compa-
rar-los amb els segons.

Pel que fa a la validesa predictiva dels tests isocinétics destaca molt I'estudi realitzat per Croisier
i col-laboradors (Croisier, Ganteaume, Binet, Genty, & Ferret, 2008) en que demostra que un rati
dinamic (flexors eccentric/extensors concentric) disminuit en futbolistes correlacionava amb una
incidéncia posterior augmentada de lesions de isquiotibials.

En definitiva, es pot afirmar que, hores d’ara, la dinamometria isocinética es un metode fiable i
valid en la practica de la rehabilitacid per monitoritzar la forca muscular i, en alguns casos, per
prevenir lesions. No obstant, la seva utilitat clinica radica en la fiabilitat de la prova. Com hem
comentat més amunt, aquesta depén en gran part de la motivacio del subjecte/pacient. Normal-
ment, aquesta es dona per segura, sobretot en pacients de I’'ambit de I'esport. Per contra, hi ha
poblacions, com per exemple els pacients laborals, en que la col-laboracié no es pot assegurar
d’entrada donades les connotacions medico-legals. De fet, la revisié de la literatura especifica
de pacients laborals avaluats mitjancant dinamometria isocinetica només mostra un article antic
(Bray, Roth, & Jacobsen, 1987) en que s’avaluaven després de una intervencié quirurgica de do-
lor anterior de genoll. Curiosament, en aquell estudi els resultats pel que fa a forgca muscular eren
similars al comparar pacients laborals amb pacients no laborals. En tot cas, en pacients laborals,
el paper de la dinamometria isocinética pot ser en entredit si s’hi barreja una situacié médico-le-
gal. Per aix0, en aquests pacients en particular, caldria revisar el tema de la col-laboracié durant
la realitzacioé de les proves per poder utilitzar una eina tant potent des del punt de vista clinic.
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2.3. Avaluacié de la sinceritat de I’esfor¢c o del nivell de
col-laboracioé durant la realitzacié d’una prova dinamo-
meétrica.

El tema de la “motivacid” dels pacients mereix una atenci6 a part perqué el establiment de la-
boratoris de biomecanica, que esta experimentant una important crescuda en el nostre entorn,
sobretot en centres de rehabilitacio laboral i en centres independents dedicats a la valoracio
de sequeles, té molt a dir amb I'avaluacié d’aquest aspecte particular. Aixd entronca directa-
ment amb I’Us médico-legal dels sistemes d’avaluacié biomecanics (entre ells els dinamometres
isocinetics). Com s’ha comentat més amunt, la motivacié o col-laboracié del pacient es fona-
mental per assegurar la fiabilitat i, al mateix temps, la validesa de la prova. Per aix0, sempre
es desitjable tenir alguna dada que ens indiqui el nivell de col-laboracié en la realitzacié de la
prova, sobretot si el resultat s’ha d’usar en la determinacio de sequieles i/o incapacitats (es a dir,
situacions medico-legals). El fet de detectar signes de manca de col-laboracié implica una con-
sequiéncia crucial: la prova no és fiable i, per tant, la valoracié del pacient no és valida. Pel que
fa a la valoracié del nivell de col-laboracié durant la realitzacio de tests isocinétics, s’han avaluat
diferents metodes que es poden agrupar en parametres de consisténcia (el coeficient de variacio
(CV) (Birmingham, Kramer, Speechley, Chesworth, & MacDermid, 1998; Hazard, Reid, Fenwick,
& Reeves, 1988; Luoto, Hupli, Alaranta, & Hurri, 1996), la variancia promig puntual (VPP) (M.
Newton & Waddell, 1993), la observacioé de les grafiques (Ayalon, Rubinstein, Barak, Dunsky, &
Ben-Sira, 2001; Reid, Hazard, & Fenwick, 1991) i mesures de la similaritat de grafiques (Almos-
nino et al., 2012)) i index basats en la fisiologia (la diferéncia isocinétic- isométric (Birmingham &
Kramer, 1998) i la diferéncia excéntric-concéntric (DEC) (Dvir, 2004)). Pel que fa als parametres
de consisténcia i a la diferéncia isocinétic-isométric presenten limitacions que els fan inaccepta-
bles com a parametre principal en el entorn medico-legal. Malgrat tot, poden usar-se com para-
metres secundaris. Per contra, el DEC, definit per primera vegada el 1996 i fermament impulsat
pels treballs inicials del professor Dvir (figura 4), ha estat ampliament estudiat.

Es remarcable que els parametres de col-laboracié basats en la fisiologia
permeten raonaments més determinants que els basats en la consisténcia
de mesures. Aquests darrers depenen a parts iguals del subjecte observat i
de I'habilitat del observador mentre que els primers descriuen un fet fisiolo-
gic que que si es compleix en un moment donat assegura la bona realitzacio
de la prova per part del subjecte i implicitament I’habilitat de I’observador.
Podriem dir que es un nivell d’avaluacio jerarquicament superior.

Figura 4.
Professor Zeevi
Dvir
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La solidesa del raonament fisiologic en que es basa aquesta aproximacié, probablement, ex-
plica la utilitat demostrada en multiples accions detallades més a baix. Es basa en la diferen-
cia de produccié de forca en situacié conceéntrica i excéntrica, especialment en situacions de
contraccio submaxima. Aixi, quan es produeix un esforgc maxim la forca muscular es governada
per la funcié moment de forca-velocitat angular (M-w) o “forca velocitat”. D’acord amb aquesta
funcio, que ha estat demostrada en tots els grups musculars, quan es fa un esforg conceéntric la
forca es redueix al mateix temps que s’augmenta la velocitat. D’altra banda, la for¢ca produida en
contraccions excéntriques varia poc amb la velocitat i, en la majoria d’estudis, augmenta (Dvir,
2004). La figura 5 es extreta del treball en que es va demostrar la utilitat del DEC en la deteccio
d’esforgos isocinétics submaxims de rotadors externs d’espatlla (Chaler et al., 2007). En ella
es representa la grafica forga-velocitat (concéntrica i excentrica) de rotadors externs en una
situacié de contraccié maxima (linies continues) i submaxima (linies discontinues). Es constata,
efectivament, que en les contraccions maximes la forga concéntrica disminueix amb la velocitat
i ’'excentrica varia molt poc. Per contra, en situacié submaxima, mentre la contraccié concentria
segueix un patrd similar (encara que més pronunciat) la contraccié excéntrica augmenta d’una
manera sensible.

Peak Torque [Nm]
60

50 -+

—r s 20 4+
= e T4
*E_-:y — '-.___--‘| .y -
SE=teo o=y R
'-'--:'f__""_:‘.E:t:a—. '-.'.:__""...._‘ ":‘{-._“ —
SIIIzoIoTE=S 10 4 SSEESIUN
EEEEEEEE%
,__:ziaat_
.l .l = 1 1
120%s ecc 30%s ecc 30%s conc 120%s conc
Velocity

Figura 5. Grafiques moment de forga-velocitat angular (M-w) dels rotadors externs de 17 voluntaris en situacio maxima
(linies continues) i submaxima (linies discontinues). Veure comentari al text.
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En situacié maxima, en principi, tots els ratis excéntric/concentric (RE/C) seran superiors a 1
perd no molt superiors a 2. Quan més baixa es la velocitat probablement més s’acostaran a 1 o,
fins i tot, poden baixar una mica. Quan a un subjecte se I'instrueix en produir un esforg isocinétic
submaxim, els contrastos entre les contraccions concentriques i excéntriques s’accentuen inde-
pendentment del tipus d’instruccié donada. Efectivament, sembla que la capacitat de controlar
la tensié muscular per part del subjecte difereix molt entre les contraccions concéntriques i les
excentriques, fet que, molt probablement, reflexa unes demandes neurofisiologiques diferents
per cada tipus de contraccié. Mentre que les contraccions concéntriques es dirigeixen a pro-
duir moviment, les excéntriques tenen una funcié inhibitdria o de frenar el moviment amb un
objectiu defensiu o protector moltes vegades (p.e. el fet de mantenir-se d’empeus quan es rep
una empenta es deu a tot un seguit de contraccions excéentriques que es produeixen immedia-
tament). Aquesta funcié especifica de les contraccions excentriques, que requereix una extrema
urgencia, fa que la precisié en la produccié de tensié sigui molt disminuida en comparacio a la
que s’assoleix quan es produeix una contraccié concentrica. A més a més, si per produir una
contraccio excentrica s’augmenta la velocitat angular probablement s’interpreta com una situa-
ci6 d’amenaca que genera un reclutament major d’unitats motores amb la generacié de tensio
muscular més alta corresponent (Dvir, 2004). De fet, estudis neurofisioldgics indiquen que I'acti-
vitat excéntrica es modulada per estructures diferents que la concéntrica (Enoka, 1996).

Aquestes particularitats del control motor de les contraccions concéntriques i les excéntriques fa
que, en situacions de contraccié submaxima a velocitats altes de contraccid, els registres con-
céntrics baixin molt mentre que els excéntrics ho facin més suaument. A la figura 6 es mostren
les grafiques de forga-recorregut articular de rotadors externs i interns d’un pacient intervingut
de ruptura de manegot en que aquest fendmen es donava d’una manera extrema. Aixi, si ens fi-
xem en les grafiques de la dreta, veiem que mentre els registres de rotadors externs concentrics
del cant6 afecte (blau) eren extremadament baixos en comparacié als contra laterals (vermell),
en situacié excentrica, practicament es superposen i, inclus, els del cant6 afecte superen lleu-
gerament els del cantd sa. Aquesta troballa dbviament contravé qualsevol llei de la fisiologia de
la contraccié muscular maxima i, per tant, indicaria que I’esforg realitzat pel subjecte en aquella
prova hauria estat “no maxim”.
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Figura 6. Curves forga-recorregut articular (120°s-1) de test isocinétic de rotadors externs realitzat al final de procés
de rehabilitacié d’pacient intervingut de ruptura de manegot dret (grafiques de color blau pel canto I'afecte i vermell pel
canté sa). Amunt es mostra el registre concentric de rotadors interns (esquerra) i externs (dreta). A vall, hi ha els corres-
ponents registres excentrics. Veure comentari al text.
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Les grafiques forga-velocitat que podem registrar en situacions maximes i submaximes també
mostren variacions en relacié a aquest diferent comportament en situacions maximes i sub-
maximes, de manera que en les darreres s’observa un allunyament dels extrems. Es a dir, els
registres conceéntrics baixen més intensament amb la velocitat de contraccié mentre que els
excentric menys o, fins i tot , augmentar discretament amb la velocitat. Aquest fenomen queda
clarament representat en la figura 5.

Basant-se en aquestes observacions, Dvir i els seus col-laboradors (Dvir, 2004) van suggerir que
comparant REC a diferents velocitats amb un gradient suficientment gran es podria diferenciar
un esforc maxim d’un submaxim. Com a resultat de les seves investigacions es va definir un
parametre, el DEC que es el resultat de la seglent férmula:

DEC = RECuel atta - RECuvel baixa

El gradient de velocitat que s’usa habitualment es 1:4 i no es arbitrari doncs correspon exacta-
ment (en °-s") a la meitat (la baixa) del recorregut articular i al doble (’alta), respectivament. Aixi,
si per exemple es fa un test amb un recorregut articular de 60°, la velocitat baixa seria de 30°-s™
i 'alta de 120°-s™.

La capacitat del DEC per diferenciar un esforg maxim d’un de submaxim s’ha explorat en una
serie d’estudis (Dvir & David, 1996; Dvir, 1997; Dvir, 1999; Dvir & Keating, 2001; Dvir, Steinfeld-
Cohen, & Peretz, 2002; Olmo, Jato, Benito, Martin, & Dvir, 2009) en que a grups de subjectes
sans se’ls feia realitzar una prova isocinetica maxima i, a continuacio, repetir-la demanant-los
que fessin un esfor¢c submaxim amb diferents instruccions (que fessin la meitat de forca o que
fingissin debilitat per lesid). En tots els estudis, com era d’esperar, en situacié maxima es varen
registrar uns MM significativament superiors als registrats en situacié submaxima. Pero, el que
es més important, els DEC en situacié submaxima també eren en tots els casos significativament
superiors als registrats en situaciéo maxima. Aixi utilitzant el calcul d’intervals de tolerancia, I'eina
estadistica que permet establir punts de tall, es va fer possible definir un esforc com maxim o
submaxim amb un donat nivell de confianga. En la taula 1 es resumeixen tots els treballs, fora
dels presentats en el present compendi, que demostraren I'efectivitat del DEC per la deteccio
d’esforcos submaxims en diferents accions (extensié de genoll, flexié de colze, prensié d’urpa,
extensid de tronc, flexié d’espatlla, flexié dorsal i plantar de turmell). En ella es representen les
caracteristiques de la mostra de subjectes (n, sexe i edat), I’accié mesurada, la marca de dispo-
sitiu utilitzada, el recorregut articular i les velocitats corresponents del protocol i, finalment, els
punts de tall del valor del DEC a partir dels quals un esforg isocinétic es pot considerar subma-
xim amb un nivell de confianga del 95% i del 99%. Aixi, per exemple, si es fa una prova a un pa-
cient i el DEC registrat és per sota el nivell de tall, I'esfor¢ es pot considerar maxim amb el nivell
de confianga que haguem escollit. Per tant, i el que es més important, automaticament atorgaria
meés validesa clinica a la prova i implicitament també validesa medico-legal. La questié de quin
nivell de confianca es recomanable escollir depén de la “rigidesa” amb que es vulgui avaluar els
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tests. De tal manera, si el posem més alt (99%) serem més permissius i tindrem mes probabilitat
de resultats falsos negatius, mentre que si el posem al 90% fora possible que augmentessin els
falsos positius. En tot cas, donat que I’estandard biomedic de que I’a=0.05 es universalment
acceptat, un nivell de confianga del 95% es més que raonable.

Acci6 avaluada-Aparell-Protocol
Edat(x DE) Aparell | Rang articular | Velocitats

DE: desviacio estandard; DEC: diferencia excentric-concentric; “DE no proporcionada a I'article, es reflexa el rang

d’edats; FD: flexié dorsal; FPI: flexié plantar; F: flexio; E: extensio; § El promig d’edat i els resultats d’homes i dones es
mostren barrejats en aquest estudi; n.c.: no calculable

Punts de
tall DEC

Taula 1. Estudis on s’ha demostrat la utilitat del DEC en la deteccié d’esforgos submaxims: caracteristiques dels subjec-
tes, accid avaluada, dispositiu utilitzat, rang articular, velocitats, punts de tall als nivells de confianga del 95% i del 99% i,
finalment, limit inferior de valor de DEC acceptable calculat restant dues DE del promig del DEC maxim.
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L’eficiéncia del DEC en la deteccio dels esforcos submaxims al llarg del temps s’ha demostrat en
els extensors de tronc (Dvir & Keating, 2001), de manera que, en dues avaluacions distanciades
en el temps, ni el DEC maxim ni el submaxim diferien significativament. Aixi, en els homes, el
DEC detectava el 100% dels esforgos submaxims en la primera prova i el 93% en la segona. En
les dones es passava del 82% al 70%. Es conclogué, per tant, que, sobretot en homes, el DEC
era un parametre molt potent per detectar esforcos submaxims i mantenia la potencia al llarg de
diferents avaluacions separades en el temps.

Previament al present treball, 'aplicabilitat del DEC en grups clinics havia estat analitzada en
dos estudis. En el primer, 44 pacients recuperats de una lumbalgia cronica varen ser avaluats
mitjancant el protocol previament definit d’avaluacié d’extensors de columna lumbar (un rang
de 20° amb velocitats de contraccié de 10°-si 40°s™") en que es van establir uns punts de tall
reflexats a la taula 1(Dvir & Keating, 2003). A un nivell de confianca del 99% el 89% dels pacients
varen registrar un DEC de bona col-laboracid, quan es baixava el nivell de confianga a un 95%, el
percentatge de pacients als que llur efort va ser etiquetat de maxim va baixar al 84%. En aquest
cas es va recomanar un nivell de confianca del 99% donada la complexitat dels factors que
influeixen en I'avaluacio del tronc i la cura extrema que s’ha de tenir a ’hora d’interpretar els re-
sultats. En el segon estudi, es van analitzar 34 pacients afectes de patologia d’espatlla (amb test
isocinetic de flexors d’espatlla), ma (amb test d’urpa) i genoll (amb test isocinétic d’extensors)
i, també, es van utilitzar punts de tall del DEC de subjectes normals a un nivell de confianca del
95% (veure taula 1). Els pacients portaven tots més d’un any d’evolucio i tots reclamaven com-
pensacions. En aquella série només va haver un cas en que I'esforc es va titllar de probablement
submaxim basat en el DEC (Dvir, 2002).

En aquest punt, cal remarcar que la realitzacié de proves concentriques i excéntriques mitjan-
cant dinamometres isocinétics no suposa cap inconvenient a I'actualitat, el calcul del DEC es
molt facil i rapidament interpretable, fet que reforca la seva aplicabilitat clinica quotidiana.

No obstant, tal com puntualitzava Dvir en la seva darrera monografia (Dvir, 2004), el DEC no es
lliure de limitacions:

1. La majoria de les dades es basen en el KinCom, per tant, la utilitat dels nivell de tall obtin-
guts amb aquest dispositiu per d’altres requereix més recerca.

2. El génere te un efecte en el DEC i no en tots els protocols s’han valorat ambdos sexes.

3. El paper de I'edat en els ratis excentric/conceéntric no es clar i, per tant, tampoc en el valor
numeric del DEC.

Totes aquestes limitacions son en part adrecades en el present treball.
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2.4. Aplicacions medico-legals de la dinamometria isoci-
netica

El paper de la dinamometria en I’entorn medico-legal te moltes vessants pero, fonamentalment,
es tracta de determinar graus de disfuncidé muscular que es puguin relacionar amb discapaci-
tats. En aquests darrers anys, en el nostre entorn disposem de dades que mostren que la seva
utilitzacié no fa més que augmentar. En efecte, segons dades del Institut Catala d’Avaluacions
Meédiques i Sanitaries (ICAMS) entre els anys 2007 i 2008 el nombre de proves biomecaniques

realitzades per prendre determinacions quant al desti de pacients va augmentar quasi un 25%
(Jardi & Manzanera, 2012). La majoria de les proves eren proves dinamometriques.

En tot cas, en I'us de la dinamometria isocinética en I'’entorn médico legal cal tenir en compte
una série de questions que enumera Dvir (Dvir, 2004):

1. La debilitat muscular es el resultat de la reduccio de capacitat de produir tensié muscular
en una o varies repeticions. La debilitat muscular no s’hauria de confondre amb disminucié
de la poténcia (velocitat amb la que es capag de produir la forca) o be la disminucié de la
resisténcia muscular o augment de fatigabilitat.

2. La forca muscular es el parametre “sine qua non” per determinar la debilitat muscular. La
utilitzacié de la forga muscular com criteri es correcte no sols perque es la més tangible i
facilment mesurable de tots els parametres (p.e. el treball), sino, també, perqué esta forta
i linealment correlacionada amb la resta de parametres de forcga.

3. Des del punt de vista purament clinic, cal remarcar que la debilitat muscular es un déficit.
No obstant, aquest déficit no necessariament ha de significar que el pacient tingui una
discapacitat. Massa sovint pero, el fet que un pacient no mostri una discapacitat evident
porta a la conclusié de que, si presenta un déficit de forca, esta fent un esforgc submaxim.
Aixd pot constituir una estigmatitzacié dels pacients que s’hauria d’evitar doncs es ben
sabut que una debilitat muscular pot ser molt ben compensada en molts casos i aquesta
capacitat no hauria de privar els pacients de compensar-los si la debilitat ve donada per
una lesio laboral o per accident.

4. Alguns autors o sistemes d’avaluacié del dany corporal no reconeixen la debilitat muscular
com una disfuncié.

5. No hi ha un acord general sobre quin tipus de sistema d’avaluacié de la forca muscular
hauria de ser el de referéncia (o “criterion”) (isométric, concéntric o excentric). En tot cas,
les accions musculars son en la majoria de les situacions dinamiques, per tant una prova
dinamica s’acosta més a la realitat. Pel que fa a incloure test excéntrics, a part de donar
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la possibilitat d’avaluar el nivell de col-laboracié mitjangant el DEC, afegeixen una avalu-
acié més exhaustiva de la forca muscular. S’ha comprovat que els déficits excéntrics son
sempre inferiors als concentrics (Reinking et al., 1996) i la practica diaria també ho mostra.
Per tant, el déficit isocinétic excéntric, potser, ens apropa més al déficit real dels pacients
O subjectes.

6. Igualment, no hi ha un acord general sobre els protocols, el temps apropiat per realitzar
les proves i les mesures de la maximalitat de I’esfor¢ a aplicar per assegurar la validesa
de les proves. Generalment, pel que fa al temps de realitzacié d’una prova en un entorn
medico-legal es recomana un any d’evolucié per estar segur de ser en una situacié estabi-
litzada. No obstant, caldria remarcar la “bondat” de realitzar aquest tipus de proves abans,
ja durant les fases finals del procés de rehabilitacid, en que s’acaba de treballar la forca
muscular. En aquests casos una serie de proves congruents te moltissim valor per prendre
decisions cliniques i médico-legals

7. No hi ha un acord general pel que fa a la graduacié del déficit, en altres paraules, a partir
de quin valor es pot considerar un déficit rellevant. Malgrat tot en la practica clinica, nor-
malment es subscriu plenament la guia de Sapega:tot déficit entre el 10 i 20% es possi-
blement anormal i qualsevol diferencia del 20% o més hauria de ser considerada, practi-
cament amb total seguretat, patologica (Sapega, 1990). A partir d’aqui sorgeix la qlestié
de graduar el déficit i aqui hi ha diversitat d’opcions que es mostren a continuacié:

* Qualsevol diferencia inferior al 20% no s’hauria de considerar d’entrada com un déficit
en poblacié normal (es a dir no esportistes).

* El 80% restant pot dividir-se en dos meitats: del 20-60% i del 60-100%. Un subjecte que
té un deficit del 100% tindria un balang muscular manual de 3.

* Un deficit entre el 20 i 60% es podria considerar moderat i a partir de 60% sever.
e Una subdivisié més fina podria ser: de 20-50% lleu, de 51-75% moderat i >75% sever.

8. Malgrat que la comparacié bilateral esta ja molt establerta i acceptada com a criteri, no hi
ha un mecanisme, hores d’ara, per correlacionar la severitat de la diferencia bilateral amb
el grau de disfuncié.

9. Finalment, malgrat els dinamometres isocinétics son ampliament utilitzats en diferents
especialitats mediques (rehabilitacid, ortopedia, neurologia i medicina de I'esport) a més
de en la fisioterapia, fisiologia de I'exercici i ergonomia, i que ja es considera un “gold stan-
dard”, encara no esta establert universalment com la mesura de la forca muscular.

En tot cas, la dinamometria isocinética es una prova fiable, factible i, molt probablement,
valida i I'autor del present document pensa que aporta, i pot aportar en el futur, dades
clau en I’entorn de la rehabilitacio laboral (i també no laboral) i I’eventual us medico-legal.

@ Utilitat de la dinamometria en la rehabilitacié de patologia musculoesqueletica en pacients laborals



Un dels punts claus seria la inclusié d’aquesta técnica en la monitoritzacié del procés de
rehabilitacio, en altres paraules, inserir les proves dinamométriques en un pla i/o raona-
ment clinic. Aixo li dona una robustesa enorme com a prova complementaria i, eventual-
ment, medico-legal.

Per acabar s’enumeren un seguit de recomanacions practiques a I’hora d’aplicar proves isociné-
tiques en un entorn laboral i/o medico-legal (adaptat i ampliat de Dvir (Dvir, 2004)):

1. Tenir una historia clinica complerta del pacient aixi com el registre del procés patologic pel
que es remés (incloent exploracions complementaries).

2. Realitzar una exploracio fisica convencional del pacient.

3. Confirmar, abans de comencar, amb les dades dels punts 1i 2, que el pacient pot tenir una
disfuncié muscular.

4. Confirmar que la situacié esta minimament estabilitzada si es vol obtenir una dada per
suportar una sequela.

5. Repassar contraindicacions del test (basicament malalties cardiovasculars). En aquest
punt, el dolor es una contraindicacié relativa i, per tant, el coneixement de la patologia del
pacient i la fase en que esta es crucial per decidir la indicacié o no del test.

6. Explicar, el més detalladament possible, al pacient els objectius del test, assegurar-se que
ho entén i insistir molt en que el test es molt sensible i que cal fer el maxim possible. També
es recomana recollir totes les explicacions en un full de consentiment informat i donar-li al
pacient perque el signi.

7. Pel que fa al protocol i interpretacid, qualsevol fet rigorosament serveix sempre que es
compleixin certs requeriments:

* S’ha d’assegurar la maximalitat del esforg, evidentment la opcié del present autor es el
DEC.

¢ Si no hi ha signes de bona col-laboracio el test no es valid i, per tant, no Util per determi-
nar cap deficit.

* Si el test mostra signes de bona col-laboracio es pot procedir a calcular els déficits amb
la formula esmentada més a munt. En cas d’afectacid bilateral o avaluacions de tronc,
s’hauria de comparar amb taules de normalitat, cosa que déna en alguns casos menys
poténcia a la prova

8. A I’hora de realitzar I'informe es recomana

* Reflexar les dades cliniques i d’exploracié convencional rellevants juntament amb les
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dinamometriques per elaborar la conclusié.

* Afegir tots els parametres de forca registrats (MM) en cada segment explorat, aixi com
els déficits i els parametres per valorar la maximalitat de I'esfor¢ (DEC).

¢ Inclure una breu descripcié de la metodologia

o Afegir els fulls impresos del registre del dispositiu.

* Afegir les dades actualitzades de la calibracié de I'aparell.
¢ Incloure el full de consentiment informat signat pel pacient.

9. Finalment, es important tenir en compte que, si els parametres per valorar la maximalitat
de l'esforg indiquen que la prova ha estat submaxima, mai es pot etiquetar, en altres mots
estigmatitzar, d’entrada el pacient com simulador o magnificador. De fet, s’ha indentificat
multiples causes de mala de col-laboracié en la realitzacié d’una prova (D. E. Lechner,
Bradbury, & Bradley, 1998): Dolor, por al dolor, por a la lesid, ansietat, depressio, falta de
comprensio, falta de comprensié de la importancia del test i, també, la simulacié. Per tant,
sempre que aquesta situacio es doni es recomana tornar a fer la prova per confirmar.

Diferents questions apuntades en aquesta introduccié s’aprofondiran en aquest treball. Es
passa aixi a definir la hipotesi i els objectius del present treball en relacio a I’estudi de I’Us
de la dinamometria isocinética en I’entorn de la rehabilitacié laboral.
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Capitol 3

Hipotesi

La hipotesi general del present treball es:

En I’entorn de la rehabilitacié musculoesquelética laboral la dinamo-
metria (isocinética i/o isométrica) es una mesura valida.

La hipotesi general es desplega en diverses hipotesis de treball concretes que s’enumeren a
continuacio:

1.

El parametre DEC es una mesura util d’estimacio del nivell de col-laboracié durant la rea-
litzacié d’una prova isocinética de rotadors externs de muscle en voluntaris sans i en pa-
cients laborals reals afectes de patologia musculoesquelética de I'articulacié de I'espatilla.

. Lavaluacié de la forga muscular de rotadors externs mitjangant dinamometria isocinética

es factible i util per prendre decisions en pacients laborals afectes de lesions del muscle.

. El parametre DEC es una mesura util d’estimacio del nivell de col-laboracié durant la rea-

litzacié d’una prova isocinetica de flexors dorsals i palmars de canell en voluntaris sans.

. En I'epicondilitis d’origen laboral hi ha desequilibris i patrons d’activacio alterats de la

musculatura de I’avantbrag¢ subjacents.

. Lavaluacié de la fatigabilitat isocinética en la musculatura de flexo-extensors de genoll es

fiable.

. Lavaluacié mitjangant dinamometria isocinética de la forgca muscular de flexo-extensors

de genoll en pacients laborals intervinguts de ruptura de lligament encreuat amb plastia
os-tendo-os es util per monitoritzar el programa de rehabilitacio.
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Capitol 4

Objectius

Objectius primaris

1. Analitzar I'eficiencia del DEC i/o parametres basants en la discrepancia de les contracci-
ons conceéntriques i excentriques en la deteccié d’un esforg submaxim de rotadors externs
de espatlla.

2. Analitzar I'utilitat del DEC en la detecci6 de esforcos submaxims de rotadors externs d’es-
patlla en pacients reals afectes de patologia del muscle.

3. Descriure I'utilitat clinica i en la determinacié de sequeles de la dinamometria isocinética
en pacients laborals afectes patologia de I’espatlia.

Objectius secondaris

4. Analitzar I’eficiencia del DEC en la deteccié d’un esfor¢ submaxim de musculs flexors dor-
sals i palmars de canell.

5. Identificar, mitjangant electromiografia (EMG) de superficie, patrons de I’activacié de la
musculatura de I'avantbrac en pacients afectes d’epi- condilitis durant la realitzacié d’un
esforg isomeétric

6. Identificar, mitjangant dinamometria isocinetica, el perfil de forga muscular de I’avantbrag
en pacients afectes d’epicondilitis recuperada.

7. Avaluar la fiabilitat d’un protocol de fatigabilitat isocinética de flexoextensors de genoll.

8. Avaluar I’efectivitat d’'un protocol accelerat de rehabilitacié després d’una plastia de lliga-
ment encreuat anterior de pacients laborals en la recuperacioé de la funcio, aixi com I’utilitat
de la dinamometria isocinética en la monitoritzacio del protocol.
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Capitol 5

Articles

Capitol 5.1

ldentificacio d’esfor¢ maxim fingit de
rotacio externa de muscle

Identification of feigned maximal shoul-
der external rotation effort

Clin Rehabil 2007; 21; 241

Identification of feigned maximal shoulder external rotation effort

Joaquim Chaler, Zeevi Dvir, Urko Diaz, Salvador Quintana, Angels Abril, Carme Unyd, Roser
Garreta

Clin Rehabil 2007; 21; 241

Objectiu

Estudis previs han indicat que la diferencia dels ratis de forca excéntrica/conceéntrica a veloci-
tats alta i baixa (DEC) es un parametre amb alta potencia per identificar esforcos submaxims,
en altres paraules identifica subjectes que fingeixen fer un esfor¢ maxim. No obstant, la seva
utilitat no havia estat investigada en I’avaluacié mitjangant dinamometria isocinetica de rotadors
externs. Per la importancia de la patologia de espatlla, la avaluacié de la forgca muscular i el nivell
de col-laboracio en fer el test dels musculs de I'espatlla es d’alt intereés. Per tant I'objectiu del
present estudi es examinar I’eficiéncia del DEC en la identificacié d’esforgos submaxims delibe-
rats en subjectes normals.

Per analitzar aix0 es van seleccionar disset voluntaris sans homes entre 20 i 40 anys, als que
se’ls va realitzar dues proves isocinétiques de rotadors externs a 30°s" i 120°s" en modalitat
concentrica i excéentrica. La primera prova la van realitzar fent esfor¢ maxim i a la segona se’ls
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va demanar que simulessin esfor¢ maxim sense en realitat dur-lo a terme. Es van calcular els
moments maxims de forca i els ratis excentric/concéntric. Amb aquests ultims es va calcular el
DEC.

Resultats principals

L’analisi detallat dels resultats va mostrar que els DEC registrats en la situacié d’esforc subma-
xim eren significativament més alts que els registrats en situacié d’esfor¢ maxim. Per tant es va
poder establir un punt de tall (0.81) de valor de DEC que podria distingir entre esfor¢ submaxim
i submaxim.

Conclusioé

Les troballes de I'estudi van indicar que el DEC es molt efectiu en la identificacié de un esforg
maxim fingit en subjectes sans.
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Objective: To axamine tha efficiency of the difference betwean the isckinetic
eccentric to concantric strength ratios at high and low velacitias (DEC) for identifying
faigned rnaximal shoulder external rotaticn effort.

Background: Previous studies have indicated that tha DEC is a powaerful identifier of
feignad rmaximal effort. However comparison of maxirmal versus feigned maximal
shoulder external rotaticn affort has not baen undertaken. Due to the high prevalenca
of rotational shoulder disorders and their chronic ramifications in terms of
occupational disability such a study is of specific intarast.

Deszign: Maximal and feigned maximal shoulder external rotation isokinatic efforts
WwWere comparad.

Setting Functional evaluation unit at an cccupational rehabilitation centra.
Subjects: Sevanteen haalthy male volunteers aged between 20 and 40 years old.
Main measure. Concentric and eccentric isokinatic tests at 30%s and 120%s in
maximal and feigned maximal experimental conditions. DEC was calculated by
subtracting the 307/ eccantric/concentric peak torgue ratios from the 120°%s ones for
both exparimantal conditions.

Rezults: A casze-by-case analyzis revealed that the DEC scoras derived frorm tha
feignad effort were significantly greater than their maximal countarparts in all caszaes,
leading to a cut-off walue (0.81) which could distinguish batwean maximal and
feignad parformances.

Conclusions: Tha findings indicate that the DEC is highly effective in identifying
faignad shoulder extarnal rotation effort in normal subjects.
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Introduction

Shoulder injuries are a major management pro-
blem in musculoskeletal rehabilitation and occupa-
tional medicine settings A one-year prevalence
study of shoulder pain interfering with occupa-
tional activities indicated a rate of 9%." Most
patients require extensive treatment with medica-
tion and physical therapy and, in some cases,
surgery is indicated. Following treatment, return
to work may be difficult, Due to their high
prevalence, the economic consequences of shoulder
pain are therefore not negligible. In fact, shoulder,
back, wrist, knee and neck injuries are the five
most costly work-related injured body partaz
Moreover, objective and precise evaluation of the
deficits and determination of the degree of possible
permanent impairment are necessary in order to
deal fairly with the situation.

One of the major manifestations of shoulder
injury, specially rotator cuff’ pathology, is muscle
weakness and/or imbalance.** Objective evalua-
tion of shoulder muscles performance is therefore
of a significant value as it provides information
essential for treatment or rehabilitation planning
and monitoring, as well as assessment of clinical
outcomes and permanent impairment. Isokinetic
dynamometry enables accurate and reproducible
measurement of shoulder muscle ST.'['EIlgth-s'ﬁ How-
ever, the patient’s collaboration is crucial in order
to produce meaningful results. Indeed for both
clinical and medicolegal decisions, estimation of
the patient’s collaboration is crucial. It has been
demonstrated that a powerful tool to assess such
collaboration is the difference between the isoki-
netic eccentric to concentric strength ratios at high
and low wvelocities (DEC). an index derived from
isokinetic testing and referring to the numeric
difference  between the eccentric/concentric
strength ratios at relatively high and low test
velocities. Specifically, the DEC was highly effec-
tive in identifying feiﬁned maximal muscular effort
in normal subjects? ~ as well as palienta” Among
these studies only one focused on shoulder muscles
assessing maximal effort in shoulder flexion.'”
However although shoulder rotational strength
evaluation is of a particular interest, no parallel
analysis has been carried out with respect to the
muscles generating this motion.

Dhrwribaadad st b p Uow uagepuh coh by Jeaguls Chiler oh Maech 3, 2008
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The ohjective of the present study was therefore
to examine the efficiency of the DEC in identifying
suboptimal effort in shoulder rotators, specifically
those that effect external rotation.

Material and methods

Subjects

Seventeen healthy male volunteers aged 20-40
yvears (27.746,0%) with no history of shoulder,
elbow, wrist or hand pathology took part in the
study. Thiz study was approved by the Ethical
Review Board of Hospital Mutua de Terrassa. All
subjects signed an informed consent form.

Testing protocol

A Cyhex Norm isokinetic dynamometer {Ro-
komkoma, Wew York, USA) was used, The device
was fully calibrated before every test. Warm-up
and testing was conducted with the subject seated
on an adjustable seat and proximally stabilized
using cross chest straps. The arm was positioned in
the scapular plane, between 30 and 45° anterior to
the frontal plane and elevated approximately 45°.
Elbow was maintained at %" flexion and sup-
ported by a standard shoulder rotation attach-
ment. A forearm strap helped in positioning the
elbow. The forearm remained neutral during
the testing protocol while the hand grasped a
handle connected distally to the lever arm. The
mechanical axis of the lever arm was aligned with
the humeral shaft.

The test protocol started with familiarization
and warm-up. It consisted of one set of 10
increasing submaximal concentric contractions,
one set of 10 increasing submaximal eccentric
contractions, a 2-min rest period and two short
(3 or 4 contractions) sets of maximal concentric
and eccentric contraction respectively. After a
3-min rest the actual test started.

Testing was performed unilaterally on the domi-
nant side. The test range of motion (RoM) was 60°,
starting from about 507 internal to 107 external
rotation. This RoM was selected according to the
excellent tolerance reported by shoulder patients in
previous tests. The protocol consisted of two
experimental conditions, During maximal effort,
subjects were asked to exert maximal effort against
the lever arm whose angular speed was first set at

ol il i
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10°fs. The test consisted of four pairs of inter-
mittent, reciprocal, concentric-eccentric contrac-
tions with a 5-second inter-contraction pause and a
25-zecond inter-pair pause. Following a S5-min
pause, speed was then raised to 120%s and the
same protocol applied again. Following a 10-min
pause, testing of feigned external rotation weak-
ness was then conducted. Subjects were given
spoken instructions as follows:

Imagine that one year ago you suffered a
shoulder injury. Although now completely re-
covered, you are suing your insurer or employer
for shoulder weakness. The dynamometric test
is crucial for the final decision, so you must try
to convince me that you really have weakness
while performing the shoulder movements,

After instructions were given the protocol was
repeated in full.

Data reduction and statistical analysis

Peak torque of each contraction measured was
individually recorded by using the Cybex Norm
software. Eccentric/concentric ratios were calcu-
lated for each speed and test conditions (maximal
and feigned maximal). Finally the DEC, defined as
the difference in the eccentric/concentric, was
calculated:

DEC = {Ecc,/Con),y, — (Ecc/Conly,

The DEC was calculated for both the maximal and
feigned maximal conditions. The findings were
analyzed wusing multiple analyses of variance
(MANOVA) with repeated measurements with
the DEC as the dependent variable and effort level
as the fixed factor.

243

Concentric and eccentric data were then ana-
lysed separately. A bifactorial analysis (Velocity
[120, 30]. effort [maximal, feigned maximal]) was
performed for each condition (concentric and
eccentric) in order to assess differences in force
velocity curve behaviours.

Finally, the maximal effort DEC tolerance
interval was calculated.

Results

Tahkle 1 outlines the mean peak torque values in the
two experimental conditions. A three-factor
MANOVA  (velocity x contraction mode x level
of effort) indicated a highly significant interaction
(F=15.343, P=0.001). As expected, the mean
peak torques in maximal performance were sig-
nificantly higher than those registered for the
feigned maximal counterpart (F < 0.001).

The torgue-velocity curves (Figure 1) indicate
that in both maximal and feigned maximal condi-
tions the concentric strength declined with a rise in
the test speed. However, there was a notable
difference with respect to the eccentric stremgth.
Whereas in the maximal effort the high speed mean
eccentric peak torque was smaller than its lower
speed counterpart, the reverse was true for the
feigned weakness condition. In order to assess this
difference, the interaction between the curves
(maximal and feigned maximal) was analysed by
using two separate bifactorial variance analyses.
These analyses indicated no difference in terms of
the concentric torque fall-off (F=0.83) but a
highly significant difference in the eccentric branch
(P <0001} In other words, feigned maximal
eccentric contractions lead to a highly significant

Table 1 Strength of external rotators by effort level: means end standard dewations in Mm

Eifart lewel Contraction speed {°fs] Contraction type Mean peak torgue (Mm) S0
hlaximal 20 Concantric 275 7.2
a0 Eccentric 323 7.2

120 Concantric 2.2 5.6

120 Eccentric 3.4 68

Submaximal 30 Concantric mns 4.5
20 Eccentric 14.2 4.7

120 Concantric 5.0 2.2

120 Eccentric 17.6 4.3
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Peak Torgue

B0 =

Figure 1 Peak torgua—velocity curves of the 17 subjects: Eccentric effort {left half of the figurel and concentric effort Iright
halt of the figure). Continuous lines depict mesamal effort, discontinuous lines depict the submaximal effort. Bold lines depict
the mean value curve, Bcc, Boceninic or negative velocity; comc, concentric or positive valocihy.

different behaviour of the force—velocity curve
eccentric branch.

Table 2 outlines the mean (SD)) of the eccentric/
concentric ratios. The most conspicuous finding is
the relatively high eccentric/concentric ratio ob-
tained for the feigned maximal contraction at
120¢fs. This finding is intimately related to the
results of the DEC calculations as well as to the
feigned maximal strength velocity curve behaviour
described above. Table 3 presents the resulting
DECs which in the case of the feigned effort were
significantly higher (P <0.001} than those ob-
tained from the maximal effort. Figure 2, which
depicts the individual DEC values according to
subject number, demonstrates that in all cases the

Table 2 Mean eccentric/concentric (E/C) ratios

Effart level Contraction speed  E/C ratios 50

M aximal 30 1172 0.995
120 1.480 1.21

Submaximal 20 1.232 1.041
120 3.5627 1.242
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DEC in the feigned maximal effort was greater
than its maximal counterpart.

Using these scores cut-off values were calculated
allowing the identification of feigned maximal
effort level in case these values were exceeded.
Cut-off level derived from the calculation of
tolerance intervals for a normal distribution.'
For instance, if a statement is to be made at 93%,
level of confidence, the DEC relating to external
rotation must be higher than 0.81 in order to label
the effort as feigned maximal. Obviously, a higher
level of confidence is associated with a higher cut-
off. Thus, for a 99%: level of confidence the cut-off
value is 1.079 whereas if 90% is sufficient the cut-
off value drops to 0.658 (Table 3).

Discussion

Isokinetic evaluation of shoulder rotation is a
valuable tool in shoulder injury assessment. Since
it is a dynamic test which requires a maximal effort
of the subject being tested. collaboration during
test performance is a major issue. This study

o)
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Table3 Mean DEC and 50 obtained in both experimental conditions: maximal and submaximal effort. Calculated tolerance or
cut-off levels are depicted relative to the different options of confidence level

hlaximal effort Confidence leval { %) Tolerance or cut-off lewel Submasximal effort
hean DEC 5D lean DEC 50
0311 0178 2.825 1.945
2] =0.658
895 =0.810
83 =1.079

indicates that suboptimal shoulder external rota-
tion effort (i.e. feigned shoulder external rotators
weakness) can be effectively identified using the
DEC. A DEC score of 081 and above has been
calculated to signal feigned maximal effort at a
level of confidence of 95%:. In the present study. all
feigned maximal efforts could indeed be positively
identified as feigned maximal at this level of
confidence, thus demonstrating the power of the
DEC as an evaluation tool (Figure 2).

This power arises from the different behaviour of
the force—velocity curve in maximal compared to
feigned maximal conditions namely the difficulty
associated with voluntary controlling the magni-
tude of the feigned maximal eccentric effort. A
divided central control of concentric and eccentric
contractions has been indicated, 15" which could
account for the differences in modulating the
concentric versus the eccentric efforts. This distinct
phenomenon has been highlighted by Dvir er al. in

75 L]

DEC valus
i

their series of studies’ " relating to the uniform
capacity of the DEC in all tested muscle groups.
In the presemt study, maximal effort average
DEC walue (0.311) was well within the range
reported in previous studies performed in different
muscle groups: 0.007-0.68." ' Regarding the
feigned effort, average DEC (2.925) is lower than
the one obtained in the study performed on
shoulder long ROM flexion (5.35)." The differ-
ence between the feigned maximal DEC average
value and the maximal average was 2.614 and 4.87
respectively. The latter high wvalue has been ex-
plained by the specific performance profile of
shoulder flexor muscles.'* Shoulder flexor muscles
are poorly trained in eccentric contraction since
this particular action is rare. At this point, care
must be taken to interpret these data. Two major
issues must be highlighted. First, it is the first
time that a Cybex Norm isokinetic device has been
used to assess DEC. The incompatibility between

21 ] = " -

5 4 "
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Figure 2 Case by case DEC values for the maximal {DECm) and submasamal (ECsm) efforts. Dotted line depicts the cut-off
lewel {0L81) at a 95% level of confidence. Squares represent DECsm; diamaonds reprasent DECm.
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Clinical messages

# The DEC is a powerful tool for evaluating
full collaboration in performing shoulder
external rotators effort in normal subjects.

# In medicolegal situations, the DEC can be a
valuable tool to detect feigned weakness,
especially in subjects without evident injury.

¢ Further research is needed to establish the
usefulness of the DEC in shoulder injury
patients.

isokinetic dynamometers is well established and
this could significantly contribute to the disparity.
Besides, the study on shoulder flexor muscles long
RoM DEC calculation uwsed a much steeper
gradient (40:160). This could also explain the
long RoM shoulder flexion feigned strength DEC
higher scores. Lower feigned DEC of external
rotator muscles, if eventually confirmed. could
describe the shoulder external rotators better
eccentric activity fine tune. In fact, eccentric
contraction of external rotators is not a rare
action. Specific shoulder actions, such as throwing,
require a highly modulated external rotator ec-
centric contraction in order to counteract a sudden
and forceful internal rotation concentric action.'®

Regarding the protocol applied, convenience
and feasibility must be emphasized. In our facility,
testing of shoulder external rotation using isoki-
netic dynamometry is next only to the testing of
knee extensor strength. A humeral axis positioned
in the scapular plane has been highly recom-
mended in the literature and is regularly well
tolerated by 1:|atinam.s.5"'r'I The test range of move-
ment (607) and velocities (3075 and 120°/3) selected
are broadly used and regularly recommended for
rotators evaluation.'” They can be attained by
most patients in the chronic phase of shoulder
injury, including the eccentric modality. Thus,
protocol application in a common clinical setting
is not complicated.

Although DEC-based sincerity of effort evalua-
tion offers an attractive option, its application
should be conducted with extreme care, especially
in medicolegal situations. It is well known that
collaboration can be affected by a variety of
reasons'® (pain, fear of pain, fear of re-injury,

Dewninadad irem Wp Ucw wugepul con by Jeaguis Chaler on Maesh 3, 2008
Sl ik sl Nt Fiak il ami i

& 3007 SAGE Publicas

anxiety, depression, lack of understanding of
instructions, lack of understanding of the impor-
tance of the test, and secondary, i.e. financial,
gains). In this context, careful clinical evaluation of
the patients or subjects being tested is recom-
mended. Moreover, incongruence indicated by
clinical evaluation can help in interpreting the
isokinetic findings. In addition complementary
tests such as magnetic resonance imaging, compu-
terized tomography scans, electromyography and
plain X-rays showing a mild or absence of
structural imjury are also crucial to fully assess
the collaboration of the patient. Thus isokinetic
evaluation and use of DEC should be viewed just
as another diagnostic tool. Its weight depends to a
great extent on the results of the other tests. In any
case, in situations where muscle performance is
thought to have reached a stable level, when pain is
no longer present and assuming the patient under-
stands the test procedure, failure to stay within the
25% level of confidence-based acceptance zone
should give serious ground to suspected lack of co-
operation in performing the test.'*

In conclusion, the DEC is a valuable and
powerful tool for evaluating full collaboration in
performing shoulder external rotators effort in
normal subjects. Based om this finding further
research should focus on its application in patients
with chronic shoulder rotational strength insuffi-
ciency, both for medicolegal situations and in the
general musculoskeletal rehabilitation practice.
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Capitol 5.2

Maximalitat de I’esfor¢ de rotacio ex-
terna de muscle en pacients amb le-
sions laborals: Aplicabilitat clinica del
parametre DEC

Maximality of shoulder external rota-
tion effort in patients presenting with
work related injury: The clinical appli-
cability of the DEC parameter

Enviat a publicar a: J Electromyogr Kinesiology

Maximality of shoulder external rotation effort in patients presen-
ting with work related injury: The clinical applicability of the DEC
parameter

Joaquim Chaler, Eduard Pujol, Carme Unyd, Salvador Quintana, Bertram Miiller, Roser Garre-
ta, Casimiro Javierre, Zeevi Dvir

J Electromyogr Kinesiology, en premsa

Objectiu

El DEC es un parametre molt util en la identificacié d’esforcos submaxims de rotadors externs
en subjectes sans. L’'objectiu d’aquest treball fou examinar I'aplicabilitat del parametre isocinétic
DEC en la identificacié d’un esfor¢c submaxim en pacients reals afectes d’una lesié de muscle
amb possible debilitat muscular de rotadors. Amb aquest objectiu es van analitzar retrospec-
tivament 74 pacients (33 dones i 41 homes) amb lesions al voltant de I'articulacié del muscle
avaluats mitjancant el protocol descrit en el estudi previ.
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Resultats principals

Utilitzant el nivell de tall de DEC marcat per I’estudi previ en subjectes sans(0.81) la proporcio de
pacients etiquetats de no col-laboradors, especialment dones, era enorme. Per tant es va decidir
usar els valors de I'extremitat sana per avaluar I'afecta. Aplicant aquest criteri, cinquanta dos
pacients van mostrar al cantd afecte uns valors de DEC dins els rangs considerats com normals
i, per tant, es van etiquetar de col-laboradors. Deu tenien uns DEC superiors al limit superior i es
van considerar no col-laboradors. Finalment hi havia 12 pacients amb uns valors de DEC extre-
madament baixos que es van considerar com no col-laboradors.

La comparacio entre sexes va mostrar una gran diferéncia significativa de proporcié de col-
laboradors a favor dels homes. En els col-laboradors els deéficits registrats mostraven una corre-
lacié molt important pel que fa a la capacitat laboral al final del procés.

Conclusio

Els resultats del present estudi van recolzar la utilitzacio dels tests isocinétics en pacients afec-
tes de lesions de I'articulacié del muscle, tan des del punt de vista clinic com médico-legal.

No obstant, calgué remarcar que els criteris derivats de subjectes sans s’haurien d’aplicar amb
molta precaucié en pacients, sobretot si sdn dones. En aquest grup es requereix més recerca.
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The aim of the present study is to examine the applicability of the isckinetic DEC parameter for identi-
fying submaximal effort in workers with potential weakness of the shoulder external rotators. A previous
study indicated that the DEC was a powerful identifier of submaximal effort of shoulder external rotation
in normal volunteers. Its applicability in shoulder injury patients is of specific interest. Thus, a retrospec-
tive study of 74 (33 female and 41 male) patients who claimed compensation for work-related shoulder
injury was designed. 52 patients had their injured side DEC values within the normal range and were thus
labeled as maximal performers. Ten patients had higher than cutoff DEC values, indicating submaximal
effort whereas 12 patients had exceedingly low DEC values. Gender comparison showed a significantly
different proportion of maximal performers. Strength deficits registered in patients demonstrating max-
imal performance correlated with the final outcome. The findings support the application of the DEC for
determination of the extent of weakness of shoulder external rotators in male patients. In terms of shoul-
der external rotators status in male worker injury, the results support the application of isokinetic tests
both in the clinical and medicolegal sense. However, the gender discrepancy warrants further research.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Shoulder injuries are a major management problem in musculo-
skeletal rehabilitation and occupational medicine settings. A 1-
year prevalence study of shoulder pain interfering with occupa-
tional activities indicated a rate of 9% {Palmer et al., 2001). Most
patients require extensive treatment with drugs, physical therapy
and in some cases, surgery. Following treatment return to work
may be difficult. Due to their high prevalence, the economic conse-
quences of shoulder pain are enormous (Waehrer et al, 2005).
Regarding workers’ compensation patients, it has been well docu-
mented that work injury is associated with poorer cutcomes, espe-
cially following surgery (Koljonen et al., 2009; Viola et al., 2000;
Sallay et al., 2005). It has been postulated that this phenomenon
was caused by the fact that most commonly adopted shoulder-spe-
cific functional outcome measurement tools are subjective in nat-
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bilitation, Egarsat-Suma Intermutual, ¢/Garcia Humet, 40, 08221 Terrassa, Spain.
Tel.: +34 93 7458000; fax: +34 93 7458014,
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ure {Koljcnen et al,, 2009). Thus, cbjective and precise evaluation
of the deficits and determination of the degree of potentially per-
manent impairment are highly desirable in order to facilitate deci-
sion making in worker compensation shoulder injury patients.
One of the major manifestations of shoulder injury causing dys-
function is muscle weakness. Objective evaluation of shoulder
muscles performance is therefore of a significant value. It provides
information essential for treatment or rehabilitation, as well as
assessment of clinical outcomes and permanent impairment which
might interfere with work ability. [sokinetic dynamometry enables
accurate and reproducible measurement of muscle strength
{Greenfield et al., 1990; Plotnikoff and McIntyre, 2002). However,
patient maximal effort is crucial in order to produce meaningful re-
sults. Indeed for both clinical and medico-legal decisions, estima-
tion of the patient maximal effort is crucial. It has been
demonstrated that a powerful tool for assessing maximallity of ef-
fort is the DEC, a parameter that derived from the numeric differ-
ence between the eccentric/concentric strength ratios at relatively
high and low test velocities. Specifically, the DEC was highly effec-
tive in identifying submaximal muscular effort in normal subjects
{David et al,, 1996; Dvir and David, 1996; Dvir, 1997a,b; Dvir,
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1999; Dvir and Keating, 2001; Dvir et al., 2002; Chaler et al., 2007;
Olmo et al., 2009) as well as in patients (Dvir, 2002). The physiolog-
ical rationale for the method derives from the different mechanical
output of eccentric and concentric contractions, especially when
performed at a submaximal level. In submaximal contractions
the ability to control muscle tension differs significantly between
the two contraction modes. Thus, as far as concentric activity is
concerned, when subjects are asked to perform submaximally
the difference between their strength output at low and high
velocities is quite considerable. In contrast, the drop in eccentric
ocutput is rather moderate. Based on these variations it was sug-
gested that by comparing Ecc/Con Rations related to velocities that
are set a sufficiently large gradient, one could potentially differen-
tiate between maximal and submaximal effort (Dvir, 2004). The
efficiency of the DEC in identifying maximality of shoulder external
rotation effort has been demonstrated in a group of male volun-
teers {Chaler et al., 2007) but not in patients.

Therefore, the objective of the present study was threefold: 1. to
examine the use of the DEC in identifying suboptimal effort in pa-
tients suffering from work related injury to the shoulder external
rotators, 2. to assess the significance of gender in DEC-based eval-
uation, 3. to analyze the usefulness of isokinetic testing of shoulder
external rotation strength for evaluating long term patients with
shoulder injuries who seek compensation.

2. Material and methods
2.1. Subjects

74 unilateral shoulder injury patients (33 women and 41 men),
aged 18-65 years (48.1 £ 10.2) participated in the study {Table 1).
All participants were seeking compensation for work-related inju-
ries affecting shoulder external rotation function. In all patients
this dysfunction had a potential medico-legal context in terms of
various secondary gains such as avoiding cnerous work duties
and/or seeking economic benefits. The objective of the test was
to help decision making regarding return to work planning and/
or compensation allocation. All subjects received a talk from the
testers before the actual test. They were instructed about test pro-
toceol and aim. The importance to perform a maximal effort during
the test in order toc obtain meaningful results was highlighted dur-
ing the talk. They also signed an informed consent form before the
test was performed. The study design was approved by the local
IRB.

Table 1

Baseline demographics diagnosis and work related outcomes. Comparison between
genders. Note that, as expected, the only significant difference among groups is found
in weight (*). Diagnosis proportion differences were not significant between genders.

Female Male
Ne. of worker compensation patients 33 41
included
Mean age (yr +5D) 48.48+ 2.6 47.78 +10.34
Mean weight (kg *+ SD) 67.97+10.74 80.34+11.67*

Mean process duratien (days + SD) 27124+ 168.99 306.49 +242.54

Diagnosis

Impingement/rotator cuff tendinosis 12 15
Arthroscopic surgery 10 4
Rotatoer cuff surgical reconstructicn 7 8
Instability 1 7
Other 3 7
Outcomes (work related)

Complete healing 20 22
Impairment, no disability 5 4
Impairment, partial disability 1 2
Impairment, total disability 7 13

2.2. Testing protocol

The testing protocol for isokinetic shoulder external rotation
strength has been previously described (Chaler et al,, 2007). A Cy-
bex Norm® isokinetic dynamometer {Rokonkoma, New York) was
used. The device was fully calibrated before every test. Warm up
and testing was conducted with the subject seated on an adjust-
able seat and proximally stabilized using cross chest straps. The
arm was positioned in the scapular plane, between 30° and 45°
anterior to the frontal plane and elevated 45°. Goniometry was
used to check positioning. Elbow was maintained at 90° flexion
and supported by a standard shoulder rotation attachment. A fore-
arm strap helped positioning the elbow. The forearm remained
neutral during the testing protocol while the hand grasped a han-
dle connected distally to the lever arm. The mechanical axis of the
lever arm was aligned with the humeral shaft {see Fig. 1).

The test protocol started with familiarization and warm up. It
consisted of one set of 10 increasing submaximal concentric con-
tractions, one set of 10 increasing submaximal eccentric contrac-
tions, a 2 min rest period and two short {3 or 4 contraction) set
of maximal concentric and eccentric contraction respectively. After
3 min rest the actual test started. Testing was performed bilaterally
starting on the injured side. The test range of motion (RoM) was
60°, starting from 55° internal to 5° external rotation. During the
test performance, subjects were asked to exert maximal effort
against the lever arm whose angular speed was first set at 20°/s.
The test consisted on four pairs of intermittent, reciprocal, concen-
tric-eccentric contractions with a 5 s inter-contraction pause and a
25s interpair pause. Following a 5 min pause, speed was then
raised to 120°/s and the same protocol was applied again. Allowing
a 5 min pause, testing of the uninjured side was then conducted
applying the same protocol.

2.3. Data reduction and statistical analysis

Demographic (weight, age), injury {diagnosis and process dura-
tion in days) and cutcome data were registered for each patient.

Fig. 1. Patient positioning: humeral shaft is in the scapular plane and, at the same
time, aligned te the dynamometer retaticn axis.
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Process duration was defined as the time between injury date and
follow-up discharge andjor return to work. Diagnoses comprised
(1) impingement/rotator cuff tendinosis, (2) arthroscopic decom-
pression surgery, (3) rotator cuff reconstruction, (4) instability
and {5) other {fractures and nerve injury). Four functional outcome
levels were defined according to the local working compensation
system related to the injury: (1) complete healing {patient does
not deserve compensation), (2) impairment without work disabil-
ity (namely, patient fully returns to previous work and deserves
compensation), (3) impairment and partial work disability
(namely, patient returns to previous work with work adaptations
and deserves a higher compensation) and, (4) impairment leading
to total work disability (namely, patient does not return to previ-
ous work and deserves a lifetime compensation, however the pa-
tient may be employed in a less demanding job).

The strength of the shoulder external rotators was defined by
the maximum point of the muscle’s torque vs. angular position
curve {the peak torque - PT, expressed in Nm) of each contraction
and the criterion strength was the mean value of the four individ-
ual contractions. To assess effort maximality, the eccentric/concen-
tric ratios (ECRs) were calculated for each speed and side (injured
and uninjured). The DEC was defined as the difference in the ECRs:

DEC = (Ecc/Con),,, — (Ecc/Con)yg,

Two methods of interpretation were used. Using the first, the
DEC scores obtained from normal subjects {Chaler et al., 2007)
were applied and thus any DEC score above 0.81 was considered
as indicative of submaximal effort at the 95% level of confidence.
According to the second, the DEC values derived from the appar-
ently patient’s uninvolved side served for assessing the admissibil-
ity of the involved side providing the latter stayed within the mean

Table 2
Shoulder external rotators isokinetic test mean variables (PT) and parameters (ECR
and DEC): comparison between genders and sides.

Woemen Men
PT
30°/s concentric
Invelved side 5.01+3.28 12.73 +7.20°
Uninvolved side 9.96 + 4.03° 2245 +8.40°°

30°/s eccentric

Invelved side 1431+525 23.02 +8.99"
Uninvelved side 15.85+4.34 30.18 +5.08*°
120°/s concentric

Invelved side 3.95 % 3.002 1023 +5.57°
Uninvelved side 7.28 +3.10° 16.87 +7.56™
120°/s eccentric

Invelved side 13.21+5.02 2283+8.81*
Uninvelved side 15.67 £ 4.32° 25.50 +8.63*°
ECR

30%s

Involved side 428+3.72 2.48 +2.65"
Uninvelved side 1.77 + 0.67¢ 1.40 +0.24°4
120°fs

Invelved side 4.97+3.83 3.11+3.22°
Uninvelved side 2.48 +1.13° 1.0 £ 0.67%
DEC

Involved side 0.65 + 3.8% 0.62+2.78
Uninvelved side 0.71+0.77 0.50+0.55

PT: peak torque.
ECR: Eccentric te concentric ratio.
DEC: Difference of eccentric/concentric ratie at high and low velocities.
* Male PT values significantly higher than female ones.
¥ Uninvolved side PT values significantly higher than invelved side cnes.
Male ECR values significantly lower than female cnes.
Uninvoelved side ECR values significantly lower than invelved side cnes.

c
d

DEC value = 25D of the uninvolved side. Thus DEC values above
2.25and 1.6 or below —0.83 and —0.6, for women and men respec-
tively were labeled “outside the normal range”.

The deficits for each velocity and contraction modality (i.e. con-
centric and eccentric) were calculated in those patients showing
maximal effort parameters and expressed in percentage by apply-
ing the following formula:

Deficit = 100 — (injured side PT/uninjured side PT} x 100.

PT: peak torque.

Patient deficits were labeled relevant when bilateral difference
was above 20%(1).

Demographic, diagnostic and outcome data and isokinetic
parameters results were compared separately for women and
men {Tables 1 and 2) due to the significant differences in the PT.
Pearson's x? {chi-square) test was applied to compare qualitative
data sets. Unpaired i-tests and ANOVA were performed to compare
quantitative data whose normality had been previously evaluated
using the Kolmogorov-Smirnov test. Mann-Whitney test was used
to compare quantitative variables which were not normally dis-
tributed. Finally, the uninvolved side’s DEC tolerance interval was
calculated.

3. Results

Except for weight, inter-gender differences were unremarkable
{Table 1). The most frequent diagnostic group was impingement/
rotator cuff tendinosis in both men and women, followed by rota-
tor cuff reconstruction in men and arthroscopic surgery (decom-
pression) in women. As for the functional level, the most
frequent in both groups was complete healing but this was fol-
lowed by total work disability. Peak torque inter-gender compari-
son showed that, in all cases, men were significantly stronger than
women whereas in terms of uninvolved vs. involved side, the for-
mer was significantly associated with higher PT. (Table 2). Peak
torque analysis relating to the eccentric to concentric ratios (the
ECR) indicated that in all cases the values associated with the unin-
volved side were significantly lower than those in the involved side
and those derived from the higher speed test higher than their low
speed counterparts {Table 2). Of particular note were the dispro-
porticnately high SDs in the involved side. The women's ECRs were
significantly larger than the men’'s whereas the DEC scores were
gender independent although in this case as well, the involved side
SDs were at least 4 times higher than those of the uninvolved side.

A case by case comparison of the individual DEC values to pre-
viously calculated (Chaler et al., 2007) normal subjects-based max-
imal effort mean DEC+25D (-.039 to .611) permitted the
classification of the present cohort into three sub-groups: less than
—.039, between —.039 and .661 and greater than .661 (Table 3).
This resulted in 82% (27/33) of the women and 39% {16/41) of
the men falling outside the normal range of the DEC. This inter-
gender proportion was significantly different (y?=14.2;
p<0.001). Significantly, 1427 of the women and 10/16 of the
men had DEC values above the normal range resulting in their clas-
sification as submaximal performers, using the comparisen to nor-
mal DEC approach. On the other hand the DEC scores of 13/27
{women) and 6/16 {men) fell below the range. Analysis of the
DEC scores of the uninvolved side revealed that in most {namely
57.57% and 75.6% of women and men respectively) cases they were
within normal limits and indicating no gender differences
{x*=3.4; p=0.178). Most (namely 39.4% and 24.4% of women
and men respectively) of uninvolved side DEC outside limits were
above the normal DEC + 2SD. Of note, only one female subject reg-
istered a negative DEC. Comparison with invclved sides showed
significant differences both for women and men.
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Table 3

Patient distribution related to DEC value compared to normative DEC value + 25D in
involved and uninvolved sides. Note that the proportion of females showing a DEC
outside the range in the involved side is higher than the number of men. The
difference is highly significant. Comparison between sides in each gender also shows
highly significant differences.

Invelved side Uninvelved side

Female Male Female Male

DEC value above normative DEC + 25D 14 10 13 10
DEC value within normative DEC * 25D 6 25 15 31
DEC value below normative DEC - 25D° 13 6 1 0

* Above 0.661 both for women and men.
® Below —0.039 both for women and men.

Table 4

Patient distribution related to involved side DEC value compared to uninvolved DEC
value + 2SD. Comparison between genders shows significant proportion differences
(namely, only 54.54% of women rated DEC within limits whilst 82.92% of men did).

Female Male
DEC value above uninvelved side DEC + 25D* 7 3
DEC value within uninvelved side DEC + 25D 18 34
DEC value below uninvelved side DEC - 25D° 8 4

* Above 2.25 and 1.6 for women and men respectively.
? Below —0.83 and —0.6 for wemen and men respectively.

To further assess DEC compatibility the alternative approach in
which the gender-based range of DEC values of the uninvolved side
(mean £ 25D) namely —0.83-2.25 and -0.6-1.6, for women and
men, respectively, was applied. Thus, patients whose DEC value
was inside those limits were labeled as maximal performers. This
resulted in classifying 18/33 (55%) of the women and 34/41 of
the men {83%) as maximal effort performers in terms of DEC value
(Table 4). Thus, the proportiens of maximal performers rose signif-
icantly for women (¥° = 8.3; p = 0.016) but not for men {}* = 5.54;
p=0.063, Tables 3 and 4). Similar to the outcome of the first ap-
proach the proportion of male patients with involved side DEC
within the limits was significantly higher than that of the females’
(¥%=8.42; p=0.015). In 7 (21%) women and 3 {7%) men, the DEC
score was above the upper bound of the DEC indicating a strong
(95%) likelihood of submaximal effort. On the other hand, in 8 wo-
men and 4 men, the involved side DEC was below the lower bound
of the DEC (i.e. negative DEC). To assess the meaning of the nega-
tive DEC, Fig. 2 shows the force-velocity curves for each patient
group. Both female and male patients whose involved side DEC
was below the lower bound had a rise of the concentric PT in the
higher velocity {120°/s), a finding that runs opposite to the com-
mon physiological behavior of the muscle. On the other hand, in
women, the eccentric branch of curve demonstrated a sharp de-
cline with velocity rise. This finding is partly in variance to the nor-
mal muscle physiclogy which indicates either a rise or levelling off
of the eccentric strength.

In order to assess this difference in both men and women, the
interaction between the curves (inside, above and below) was ana-
lyzed by using two separate bifactorial variance analyses. These
analyses indicated, both for woman and men, no difference in
terms of the eccentric torque fall-off {p = 0.96 and p = 0.95 for wo-
man and men respectively). The concentric branch analysis
showed that “below lower bound” DEC group curve behavior
was significantly different from those of other patient groups
(p = 0.01) in women. However, such a difference could not be dem-
onstrated {p = 0.07) in men.

The relationships between the DEC and gender and the most
frequent diagnostic group (impingement/rotator cuff tendinosis,

Men

25 4

20 4

15 1 @\)

10 1

5 -

120ec 30ec 0 30cc  120cc

Women

25 1 :
—o— inside
—&— above

20 1 —he— below

% 15 4
10 4
=

120ec 30ec 0 30cc 120cc

Fig. 2. Torque-velecity graphs of invelved side mean PT recerds (Nm) for patients
{men and woemen) inside, below and abeve uninvolved side DEC +25D. 120ec:
120°/s eccentric contraction. 30ec: 30°/s eccentric contraction. 30cc: 30%s
concentric contraction. 120ec: 120°/s concentric contraction. Inside: graph of
patients whose injured side DEC was within range (uninvolved side DEC # 25D).
Above: graph of patients whose injured side DEC was above upper limit (>unin-
volved side DEC + 258D). Below: graph of patients whoese injured side DEC was below
lewer limit (<uninvelved side DEC - 25D).

arthroscopic surgery and rotator cuff reconstruction) were as-
sessed by a bifactorial ANOVA (gender x main diagnostic group)
were unremarkable. The other bifactorial ANOVA (gender x out-
come) regarding the relationship between the DEC and functional
outcome (complete healing, impairment without work disability,
partial work disability, total work disability) yielded the same
result.

Finally, the strength findings of the 25 male patients whose DEC
indicated maximal effort according to the first approach {normal
subjects’-based DEC) were analyzed in order to assess clinical rel-
evance of shoulder external rotator isokinetic strength measure-
ments in real worker compensation patients (Table 5,). The only
significant difference was revealed between patients who demon-
strated “complete healing” and those with any degree of
“impairment”.

4. Discussion

To the best of our best knowledge this may be the first study
relating to maximality of effort among patients seeking compensa-
tion for chronic shoulder joint injury. The findings of the present
study indicate that the DEC is a potentially useful tool for assessing
maximality of effort in worker compensation claims relating to
weakness of the shoulder external rotators. Remarkably, most of
the patients met the criteria of full collaboration according to the
second approach i.e. when the DEC of the uninvolved side served
as the cutoff score. In the medicolegal context as well as in the clin-
ical setting, confirmation of full effort is a sine qua non condition
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Table 5

Male Maximal effort group external rotator deficits (in %) related to main diagnostic groups (impingement/rotator cuff tendinosis and surgically treated rotator cuff patients) and
main final work related outcomes (total healing and some degree of impairment) are shown. Note that patients whose final outcome indicated impairment, showed significantly
higher deficits in all isokinetic records when compared to completely healed patients. Surgically treated patients rated highest deficits than impingement/rotator cuff tendinosis

ones; however significant differences could not be demonstrated.

30°/s conc 30°/s ecc 120°s conc 120°/s ecc
Diagnostic groups
Impingement/rotator cuff tendinesis (n=15) 26.60 + 38.35 1643 £21.41 30.12+33.58 13.51+2487
Surgically treated patients (decompressicn and Retator cuff recenstruction (rn=7) 47.98 +37.34 31.60+23.32 41.16+ 2561 27.39+2352
Outcomes (work related)
Complete healing (n=15) 19.22 £34.77 9.88+18.24 19.62+31.99 8.96 + 20.89

Impairment (any degree) (n=10)

58.86 + 17.65° 38.38£21.31* 50.8%+15.82* 32,521+ 19.75*

Conc: concentric contraction.
Ecc: eccentric contraction.

* Impaired shoulder patient deficits significantly higher than “complete healing” patient cnes.

for decision making. Once maximal muscular effort is assured, the
relative strength deficiency of the involved side can serve as a cru-
cial factor in decisions relating to return to work andfor degree of
disability {compensation allocation).

Analysis of demographic, diagnostic group and outcome data
highlights, beyond the obvious significantly higher male weight,
that the patients are middle aged (i.e. active workers) and the pro-
cess length indicates an extremely long duraticn. This may be due
to medico-legal causes, severity of the injury or both. An additional
cause might be that in our setting the long or very long duration of
processes have been a usual indication of comprehensive isokinetic
tests. This fact might have biased the results in the present sample
so that most patients could be medically complicated and/or in the
process of litigating (i.e. medico-legal patients). However, this is an
important group in worker compensation patients and, thus, pres-
ent study results might be especially helpful in dealing with such
particular population. Regarding diagnostic groups, as expected,
rotator cuff surgical and non-surgical pathologies predominate.
Fortunately, most of patients recorded returned to work with com-
plete healing. However, the percentage of patients with a relevant
impairment leading to total work disability at the end of the pro-
cess is relevant: 21.7 in men and 21.2 in women. The present find-
ings are similar to those of a previous report on shoulder tendinosis
related to repetitive work which indicated that 25% of injured
workers did not recover after 22 months (Bonde et al., 2003).

As expected, the PT values of shoulder external rotation, both in
the concentric and eccentric modes and for the two velocities were
significantly higher in men compared to women and in the unin-
volved side compared to its involved counterpart (Table 2). On
the other hand, the bilateral ECRs in both the uninvolved and in-
volved sides were significantly higher in women than in men, a
finding that may reflect a different gender-based muscular behav-
ior and one which, as far as we are aware of, has not been previ-
ously reported. In spite of these discrepancies, the DEC scores
remained stable irrespective of side and gender {Table 2). However,
the dispersion of scores in the involved side as evidenced by the
fact that the SDs which were 4 times higher than those calculated
for the uninvolved side, indicate a highly different performance of
the involved side muscles.

In order to assess the optimality of effort the patients’ DECs
were individually compared with the cutoff value derived from a
previous study of apparently healthy subjects which was based
on an identical testing protocol (Chaler et al., 2007). This resulted
in an unexpected classification of 61% of the male and 18% of the
female patients as optimal performers, namely, their DEC value
was lower than 0.661 and higher than —0.039. In addition, women
showed a conspicuous proportion of DEC scores that were below
the lower bound of the acceptability zone {Table 3). In this context

the meaning of DEC scores that were below the lower bound man-
dates a special interpretation. The DEC derives from the substrac-
tion of the low velocity ECR from its high velocity counterpart.
Normally, the latter is greater then the former as the concentric
branch yields lower scores with rise in the velocity whereas the
eccentric branch plateaus with velocity increase or may even rise,
especially in what is considered as a medium velocity {120°/s).
However, this result may change if either the concentric scores in-
crease with the test velocity, the eccentric scores decrease or a
combination of both cccurs. Indeed, as amply demonstrated in
Fig. 2 both have taken place resulting in a situation where
ECR;3p < ECR3q leading to negative DEC scores. This situation has
been observed on occasion and was related to either pain or appre-
hension {or both). Inasmuch as pain is concerned, a longer expo-
sure to loads developed by contracting musclefs, which
invariably happens when the test velocity is lower (in this case
30°/s), has been previously associated with much diminished
strength score in patello-femoral pain syndrome (Dvir et al,
1990). This mechanism may well operate in patients exerting max-
imal shoulder external rotation effort where pain where discom-
fort or apprehension could inhibit full expression of the involved
muscles’ capacity. While this argument is speculative at the mo-
ment, we believe that scores that fall below the lower bound
should be classified under the ‘optimal’ rather than ‘suboptimal’
performance.

In this respect the high proportion of women and men, 39% and
24%, respectively, whose uninvolved side DEC indicated insincere
effort became a concern since a submaximal effort in the unin-
volved side is difficult to explain, even in the present cohort. Col-
lectively put, these findings render the application of a cutoff
score that is based on the DEC derived from apparently healthy
subjects untenable. We attribute this cenclusion te a combination
of factors consisting of the fact that the DEC is derived from ratios
and not from absolute values, the chronicity of the pathology
which may affect the uninvolved side as well and to the age of
the subjects in the present compared to the previous study. In
brief, probably DEC derived from young healthy subjects may not
be a good reference for real patients. In real patients a number of
factors may influence DEC, among them gender, age, physical con-
dition, level of procedure comprehension and others. Thus we
adopted an alternative, more clinically plausible cutoff value based
on the patients’ uninvolved side DEC, 2.64 and 1.84 for women and
men respectively. This approach resulted in a dramatic change in
those patients who were classified as sub-optimal performers. As
stated above, in this case proportion of women whose DEC indi-
cated maximal effort trebled from 18% to 55%. The parallel rise in
men was less dramatic although the rise from 61% to 83% is quite
impressive. However, the difference in the proportion of maximal
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performers between genders persisted supporting the impression
that women performed somewhat differently in the sense of higher
ECRs, particularly considering that inter-gender demographic,
diagnostic and outcome differences were unremarkable. The
behavior of the DEC as it relates to gender, has been studied in
few volunteer studies (Dvir and Keating, 2001), which indicated
that women tended to register a higher DEC in trunk extensor mus-
cle tests. Regarding women with pathology only a single previous
study (Dvir, 2002) included four women and did not mention any
influence. However, at the present stage we cannot offer an expla-
nation for the different concentric-eccentric relationships between
women and men.

The bifactorial ANOVA (gender x diagnostic group) failed to re-
veal a specific influence of diagnosis on the DEC. This permits the
conclusion that shoulder pathology may not directly influence
the DEC score. Furthermore given the relatively high proportion
of surgically treated patients, 17 out of 33 in women and 12 out
of 41 in men, the apparent stability of the DEC when comparing re-
sults in different diagnostic groups supports its value in clinical
decision making.

Analysis of the strength deficits found in 25 male patients la-
beled as maximal performers revealed some interesting findings.
Patients with impairment had significantly higher deficits than pa-
tients whose final outcome was complete healing where the latter
refers to deficits that were all less than 20% (Sapega, 1990). This
finding highlights the applicability of isokinetic analysis in facili-
tating a decision pertaining to return to work planning and fol-
low-up discharge in these patients. Moreover, since all patients
presenting with impairments received compensation, the extent
of strength deficit was crucial for the allocation of resources to
those patients.

Several limitations are associated with the present study results
clinical applicability. First, until the DEC is accepted as a standard
for maximality of effort, the lack of an alternative parameter scme-
what diminishes the power of the former. Second, the lack of uni-
formity in diagnosis (i.e. the patient group consisted of rotator cuff
disorders, fractures and instability surgically or nonsurgically trea-
ted) in present sample may confuse the picture. Therefore narrow-
ing of the diagnostic range in further studies would be highly
desirable. Third, the application of tolerance intervals enabled rig-
orous cuteffs but these should be used with extreme cauticn until
further support is derived from other studies, both in men and,
specially, in women. Finally, where primary and/or secondary
gains are involved, making a decision is even more challenging.
Specifically, it is well known that collaboration can be affected
by a variety of reasons (Lechner et al,, 1998) such as pain, fear of
pain, fear of re-injury, anxiety, depression, lack of understanding
of instructions and lack of understanding of the importance of
the test. In other words, submaximal effort does not necessarily
mean that the patient is intentionally producing a misrepresenta-
tion. In any case, repetition of the test as many times as it might
be needed is highly recommended when any doubt about maxi-
mallity of effort arises.

Further studies would be desirable to complete present one. For
instance, as far as the present cohort is considered, since all the pa-
tients were employees who sought compensation, information
regarding parallel claims that were not related to worker compen-
sation scheme would add significant information.

In conclusion, isokinetic tests are highly useful in evaluating
strength deficiencies associated with shoulder external rotator

strength, in clinical decision making, discharge planning, and dis-
ability evaluation. They may also be a crucial tool for yielding med-
ico-legal decisions where the muscular deficiency accounts for all
or part of the damage. In this regard the judicious use of the DEC
has been shown to be reasonably effective in the screening of male
patients seeking compensation associated with work related in-
jury. However, its adequacy in women requires further research.
Thus although DEC-based sincerity of effort evaluation offers an
attractive option for detecting submaximal collaboraticn, its appli-
cation should be conducted with the implied degree of care.
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J. CHALER, R. GARRETA, A. ALCAZAR, M. A. ABRIL, C. UNYO, E. PUJOL y J. A. RAMOS
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Objectiu

L'objectiu d’aquest treball va ser analitzar la experiéncia en una série de casos en que es va
avaluar la forca i la sinceritat de I’esfor¢ de la musculatura de I’espatlla mitjangant dinamometria
isocinetica.

Els pacients van ser avaluats mitjangant dinamometria isocinética. 14 pacients (13 homes i una
dona; edat mitjana 46 anys; la majoria treballadors manuals) remesos a la unitat de isocinesia
d’una mutua laboral per avaluacié de la forca muscular de I’espatlla. La patologia més freqlent
va ser la ruptura de manegot dels rotadors intervinguda. El protocol comprenia la determinacié
dels moments de forca maxims d’ambdoés espatlles en rotacions, abduccié i flexoextensio a
diferents velocitats (60°--1, 120°--1 i 180°--1) i dues modalitats de contraccio (concéntrica i ex-
ceéntrica). A continuacié, es van calcular els déficits de forga i les ratios contraccid excéntrica/
concentrica (REC). Un déficit major al 20% es considera rellevant i un REC superior al 2,05 sug-
gestiu de poca col-laboracio.
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Resultats principals

Dotze pacients van mostrar déficit rellevants de forca muscular, dels quals cinc van presentar
indicis de poca col-laboracio. Tres van acceptar la proposta d’alta basada en els resultats, un
continuava de baixa en el moment de I’'analisi i en un cas va ser utilitzada com a prova en ma-
gistratura per desestimar la peticio d’incapacitat del pacient.

Conclusio

L’aproximacié a la mesura de la forgca muscular de I'espatlla proposada en aquest treball va ser
util per prendre decisions en un entorn laboral. No obstant, I’alta freqiiéncia de indicis de man-
ca de col-laboracio6 fa essencial que la mesura de la forga muscular mitjangant dinamometria
isocinetica vagi acompanyada sempre d’una valoracio del grau de col-laboracio del pacient o
subjecte durant la realitzacié de la mateixa. Aquesta necessitat es fa més palesa en pacients
laborals per les implicacions medico-legals que poden comportar les proves.
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Evaluacion de la sinceridad del esfuerzo en el hombro
mediante dinamometria isocinética

J. CHALER, R. GARRETA, A. ALCAZAR* M. A. ABRIL, C. UNYO, E. PUJOL y ). A. RAMOS*

*Servicio de Rehabilitocion y Unidod de Voforocion. MAZ, Zorogoza. Servicie de Rehobiftocion. Mutuo Egoro.

Resumean~l a determinacion dal deficit de fuerza muscu-
lar come secuela es fundamental en la rehabiliiacion kboral. Para
definir un déficic muscular se requiere una colaboracion maxima
del padente en la realzacion del esfuerzo. |a valoracion de
colaboradion de los padentes en la realizacion de las pruebas di-
namometricas se ha venido realizando mediante el coeficients
de variacién, aunqgue la literatura recients cuestiona st apro-
ximacion y propone otras basadas en la fisicloga de la contrac-
cion muscular maxima en modalidades concentrica y excentrica.

El objetive de &ste trabajo es analizar nuestra riencia en
la evaluacion de la fuerm y la sinceridad del esfuerzo de la mus-
culatura del hombro mediante dinamometria isocinetica.

Material y métodos: Se aplica el protocolo evahmdor a |4 pa-
cientes (I3 varones y una mujer; edad media 46 afios; 2 ma-
yoria trabajadores manuales) remitidos a la unidad de isocine-
sia de una mutua kboral para peritacion de la fuerza muscular
del hombro. La patologia mas frecuente fue la ruptura de man-
guito intervenida. El protocolo comprenda la detarminacion de
los momentos de fuerza maximos de ambos hombres en ro-
taciones, abducdon y flexoextension a diferentes velecidades
(60°f5, 120%s y 180°/s) y dos modalidades de comtraccion (con-
céantrica y excéntrica). A continuacion, se caloulan los déficit de
fuerza y los ratios contraccion excéntrica/concéntrica (REC).
Un déficit mayor al 20% se considera relevante ¥ un REC su-
perior al 2,05 sugestive de poca colaboracicn.

Resultodos: Dioce padentes mostraron deficit relevantes
de fuerza muscular, de los cuales dnco presentaron indicios
de poca colaboracion. Tres aceptaron la propuesta de alma
bazada en los resulados, une continua de baja y en un caso
fue utilizada como prueba en magistratura para desestimar
la peticion de incapacidad del paciante.

Discusion: La medicion de la fuerza muscular mediante di-
namometria isecnatica deberia acompanarse siempre de una
valoracion del grade de colaboracion dal paciente. La apro-
wimacién propuasta en este trabajo nos ha sido Otil &n un en-
torne laboral.

Palabras clave: kocinéticos. Hombro. Evaluacidn.

Trabajo recibido el 14-1-02. Aceptado ol 14-MI-00

EVALUATION OF THE SINCERITY OF THE
EFFORTS IN THE SHOULDER BY ISOKINETIC
DYNAMOMETRY

Sumimary—Determination of muscular strength deficit
as a sequel is fundamental in work rehabilimtion. To defina

muscular deficit, madimum collaboration of the patient is
necessary in performing the effort. Assessment of the co-
llaboration of the patients in the performance of dynamo-
metric tests has baen done by variation coeffident (VC), alt-
hough recent literature questions this approach and
proposes others based on the physiclogy of maximum mus-
cular contraction in concentric and eccentric modalities.

This study was aimed to analyze our experience in the
assessment of stength and the sincerity of the shoulder
muscle effort by isokinetic dynamometry.

Material ond methods: The evaluation protocol was admi-
nistered to |4 patients (|3 male and one famale, mean age
46 years; most manual workers) sent to the isokinesis unit
from a work insurance company for evaluation of the musou-
lar strength of the shoulder. The most frequent pathology was
rupture of the cuff operated on. The protecol incudes deter-
mination of the maximum force times of both shoulders in ro-
tations, abduction and flexoextension at different speeds (60%s,
120°%(s and |80%s) and owo modalites of contractions {con-
centric and eccentric). In the following, the force deficit and
concentric and eccentric contraction ratios (CER) were calou-
laved. & deficit greater than 20% is considered relevant and a
CER superior to 2.05 suggestive of lfte collaboration.

Results: 12 patients showed relevant defidts of muscular
force, of which 5 presented signs of lirte collaboration. Threa
accepted the proposal of discharge based on the results,
one continued on sick leave and in one case, it was used as
a expectice in the courts to reject the request for work in-
capacity of the patiant

Discussion: The measure of muscle strength by isokinetic
dynamometry should always be accompanied by assessmant
of the degree of collaboration of the patient. The approach
proposed in this study has been useful in the work setting.

Key words: Isoldnetics. Shoulder. Assessment.
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CHALER . ET AL EVALUACION DE LA SINCERIDAD DEL ESFUERZD EM EL HOMBRD MEDIANTE DINAMOMETRIA IBOCIMETICA

INTRODUCCION

La dinamemetria isocinética se ha convertido en
los dltimes afos en una técnica muy extendida en la
prictica médica, no en vano carece de las limitacio-
nes de la aproximacidbn manual a la hora de realizar
la valoracion del balance muscular. Este heche hace
que la evaluacién dinamemétrica con isocinéticos se
utilice cada vezr mas en el dmbite de la rehabilitacién
laboral y evaluacién del dafo corporal o peritaje. En
este entorno las secuelas de pacientes con patolegia
del hambro constituyen un nutride y problematice
grupe. Es habiwal por parte de pacientes laborales
la demanda de mds atenciones o compensaciones
por pérdida de fuerza en ¢l hombro después de una
lesién. Mo hace falta comentar las grandes implica-
ciones que puede tener este heche en los costos de
asistencia y retribuciones econdmicas, de ahi la im-
portancia de disponer de una herramienta que por
un lade nos permita determinar un déficit de fuerza
y por otro nos indique el indice de colabaracién del
paciente en la realizacién de la prueba. En efecto,
para que de una medicidén mediante dinamometria
isocinética podameos inferir conclusiones clinicas
vilidas, los resultados emitidos deben ser veraces,
es decir el esfuerzo realizade por el paciente debe
ser midximo'. Por tanto, la cooperacién del pa-
ciente en la realizacién de la prueba es fundamen-
tal. En relacién a esta premisa, han surgide diferen-
tes aproximaciones a la evaluacién de la sinceridad
en la realizacién del esfuerzo mediante dinamome-
tria isocinética. En un inicio, la valoracidon de la sin-
ceridad del esfuerzo se baso en la determinacion del
coeficiente de variacién (CV) de una serie de medi-
ciones. Mo obstante, este parimetre se ha mos-
trado ineficaz en la determinacién de la sinceridad
o la colaberacién en el moments de realizar un es-
fuerzo muscular®,

Una aproximacién alternativa a la evaluacién de la
fuerza muscular y la sinceridad del esfuerze estaria ba-
sada en la curva fisiolégica fuerza-velocidad’”. En pa-
cientes motivados la fuerza mixima se desarrolla en
las contracciones excéntricas, en cuyo caso no varian
en gran medida con la velocidad. En cambio, en las
contraciones concéntricas la fuerza alcanzada dismi-
nuye con e aumento de velocidad. El ratio del pico de
fuerza excéntricolconcéntrice (REC) ha sido definide
para el hombro entre |1 y 1,78, o en general entre
0,95 y 2,05%. Desviaciones a la baja de diche ratio in-
dicarian patologia doloresa y desviaciones a la alza
pueden ser secundarias a espasticidad o patelogia in-
trinseca muscular?. En recientes afios han aparecido
en la liceratura protocoles para aproximarse a la va-
loracién de la sinceridad del esfuerzo en diferentes
segmentos (rodilla, code, tronce y garra) basades en

la fisiologia de la contraccion de la musculatura® %12,
En elles se propone un ratie, el DEC (diferencia ex-
céntrico-concéntrice), resultante de sustraer el REC
a velocidad baja del REC a velocidad alta, que aglutina
todos los aspectos de la fisiologia de la contracecién
muscular en relacién a la velocidad. Una constante en
estos astudios es el aumento importante de los REC
cuando se realiza un intento de simular un déficic de
fuerza. La utilidad de estos protocolos subrayan la evi-
dencia acumulada que alude a un contral motor de la
contraccion concéntrica diferente al de la contraccion
excéntrica'. Los aumentos de los REC traducirian
una capacidad limitada para realizar contracciones
submdximas en contracclones excéntricas, al contra-
rlo de lo que pasaria en las contraciones concéntricas.
Asi, 5| sometemos el paciente a una evaluacian a dife-
rentes velocidades y modalidades de contraceidn y los
resultades no se ajustan a lo esperado segin la evi-
dencia disponible sobre fisiologia de la contraccidn
muscular, podemos afirmar que hay elementos para
dudar de la sinceridad del esfuerzo.

El objetive de este trabajo es evaluar los resultados
de una aproximacion analidea, basada en la evidencia
disponible sobre fisiologia muscular expuesta mids
arriba, a la evaluacion mediante dinamometria isoci-
nética de la fuerza muscular y su sinceridad en la mus-
culatura rotadora, flexo-extensora y abduccién del
hombro en el entorno de una mutua laboral.

SUJETOS ¥ METODOS

Sujetos

Se evalGan |4 sujetos remitidos a la unidad de va-
loracién isocinética de una mutua de accidentes la-
borales (tabla 1), para ser sometidos a una evalua-
cién pericial de la fuerza muscular en el hembro. La
muestra se recogld por orden de llegada a la unidad.
La edad media de los pacientes era de 46,07 afies. La
mayoria eran hombres |3/14. La intensidad de las ac-
tividades laborales en relacién al peso levantads era
en la mayoria de los casos de cardcter alta- muy alte,
es decir la mayoria de los pacientes realizaban aetivi-
dades manuales que suponian levantar frecuente-
mente mas de 20 kg'*, En cuanto a los diagnésticos
etiolégices predeminaban las lesiones de partes blan-
das: la mitad rupturas de manguite, cinco pacientes
con lesiones de partes blandas variadas y des fractu-
ras de himere. El tiempe de evolucién medio fue de
15 meses. Todos menos uno eran accidentes labora-
les. Todos los pacientes eran diestros y el lade afecto
era en la mayoria de los casos el derecho. La gran
mayoria de los pacientes fueron sometides a inter-
venciones quirdrgicas. Todes realizaron programas de
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rehabilitacion especificos. La mayoria de los pacien-
tes fueren remitidos por discrepancia entre el déficic
referide por el paciente y el juicio clinico de su mé-
dico responsable. El solicitante mds frecuente fue la
mutua de aceidentes de trabajo.

Metodologia de evaluacién

Se le explica al paciente ¢l cometide de la prueba:
analizar |a fuerza muscular y sus posibles déficit de una
manera objetiva. [gualmente se comenta la posibilidad
de detectar la baja colaboracién mediante el dinama-
metro, A continuacion se calibra el dinamémetro iso-
cinético (CybexMNorm®) delante del paciente y se re-
aliza una exploracién fisica basica del mismeo en la qua
se incluye goniometria de la elevacién y rotacion ex-
terna y medicién de la rotacién interna anotando a
qué alcanza el pulgar Se practica una evaluacion del
balance muscular mediante el test manual de la flexion,
la abduceién vy la rotacién externa. Se buscan puntes
dolereses a la palpacian.

Dinamametra isocinética

Mediante la dinamometria isocinética se obtiene el
wPeak Torque» o momento de fuerza maxime en
Mewtons x metro (Nm) . La medicidn se realizé me-
diante un dinamémetro isocinético CybexMNorm®, El
posicionamiento del paciente basico es en sedestacién
y alineacidn del eje con el plane escapular y el himers
para valorar las rotaciones, en sedestacién y alineacidn
del eje sagitalmente con la cabeza del himere para va-
lorar la abducciénfadduceion, y finalmente en decibito
supine y con ¢l eje alineade con la cabeza del himero
en el plano frontal para valorar la flexoexrension (fig.
). Los recorridos articulares a los que se realiza la
prueba son fijades por el paciente en la extremidad
afecta, de manera que se fijan en un rango ne delo-
roto ¥ que el paciente pueda realizar cdmodamente.
El mismo rango se aplica a la exeremidad no afecta
Los eriterios de exclusion para la realizacion de ha
prueba sen los recogidos en la literatura, a saber, ba-
lance articular severamente limitads, doelor severe,
derrame articular, esguince muscular o ligamentoso
agudos, cicatrices abiertas, fracturas inestables y car-
diopatia inestable's.

Los rutina evaluadora comprenda:

= Un periada de calentamiento con estiramientos
& isotdnicos libres.

- Calentamiento en la miquina con un minuto a
contracclones concéntricas v un minuto a contraccio-
nes excéntricas.

- Protocolo de evaluacién reciproco intermitente
consistente en cinco pares de contracciones concén-
tricasfexeéntricas a 60°/s y 120°s para todos los mo-
vimientos analizados (rotaciones, flexoextension y ab-
duccion/adducion). Entre la contraceidn concéntrica y
la excéntrica hay cinco de descanso y entre los pares
de contracciones 15. La prueba finaliza eon una eva-
luacidn a 180%s que se realiza séle en la modalidad
concéntrica para evitar eventuales lesiones. Se aplica
al hombro afecte y a continuacién al hombre sane
contralateral para obtener el déficit.

Para analizar los resultades se caleula la media, la des-
viacion tipica (DE) y el coeficiente de variacién a partir
de las cinco peak torque obtenides en cada serie de
contracciones. A continuacién se calcula el déficic ex-
presado en % (| - peak torque extremidad afectalpeak
torque extremidad preservada = |00). Finalmente se
caleulan los REC. Para caleular los déficit y los ratios
se emplea la media de peak torque obtenido a partr
de las cinco mediciones. Una vez obtenidas todas las
mediciones y los cdleulos correspondientes se evallan,
con el objeto de emitir un informe, les siguientes
indices de wpoca colaboracidny: proporcién de me-
diciones de peak torque de mediciones excéntricas in-
feriores a las alcanzadas en contracciones concéntri-
cas, proporcion de mediciones de peak torque a
velocidades altas que es superior al medide a velaci-
dades bajas y proporcidn de REC superiores a 2,05.
Finalmente, antes de emitir el informe se registran las
eventuales complicaciones y si se ha finalizade toda la
exploracién. A partir de estos datos se emite un in-
forme con dos vertientes: por un lado se definen los
déficit registrados y se los cataloga de relevantes (si
son mayores a un 20% de una manera consistente) o
no relevantes, por otro lado, se emite una impresién
de buena colaboracién o mala colaboracién. Se consi-
dera que un paciente ha sido «poco colaboradors o
que ¢hay indicios de poca colaboracione cuando se
observan de una manera repetida desviaciones del pa-
tron fisiolégico. El eriterio para seleccionar que nivel
es relevante depende de la sitwacion elinica del pa-
ciente y del miscule de mayor interés. Asi, en la prie-
tica habitual, que se refleja en el presente trabaje, se
consideran fundamentalmente los REC elevades (fig. 2).
Cen uno sole, nermalmente no se cataloga el paciente
como poco colaborador. Mo cbstante si hay mds de
un REC elevado, correspondiente a acciones mas re-
levantes (flexores, abductores o rotadores externaos)
¥ encontramos alguna medicién a velocidad alta supe-
rier a una realizada a velocidad baja la impresion re-
flejada en el informe final serd, sin duda, de baja cola-
boracidn.

La evaluacién de la utilidad de la prueba se com-
pletd, en los pacientes cuya prueba fue solicitada por
la mutua de aceidentes de trabajo, registrande la pro-

5 Rehobilitacidn (Madr) 2002;36(5):284-292 287

@ Utilitat de la dinamometria en la rehabilitacié de patologia musculoesqueletica en pacients laborals



CHALER |, ET AL EVALUACION DE LA SINCERIDAD DEL ESFUERZO BN EL HOMERD MEDMANTE DINAMOMETRLA ISOCINETICA

puesta al alta por parte de la mutua, la aceptacién por
parte del paciente, ¢l reterno o no a su mismo pueste
de trabajo, el tiempo rotal de baja laboral, la eventual
solucién del case en magistratura y la resolucién de la
misma y la utilizacion del peritaje como prueba en el
juicio.

Fig. | —Facientes posicionodos paro explorar
Jos rotaciones (1A}, lo abdoadduccian (1B) y
la flexcextension |1 C).

RESULTADOS

Se ha observade un balance articular relativa-
mente conservado, con una elevacion media de
148,21° (DE 23,72), una rotacién externa media de
Bi.&4" (DE 16.72) y una rotacion interna en un 79%
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Fig. 2 —Crificos momento de fuerzaldngule orticufor  de
controcoiones cancantrico (omibal y excéntrica {obajo) o &0°s en
rotocion externg. Los grafices de lo derecha correspen o un podents
en que se regstrd un REC de [,2 1, sugestivo de buena cofaboraaion,
Las grificos de [0 derecha comesponden @ un podents en que 5o
registro un REC de tres, sugestivo de poco coloborooon

de los casos por encima de D10. En cuanto al balance
muscular aleanzaban un 4 & 5 el 71,73% de los pa-
cientes para la abduceién, el 64% para la rotacién ex-
terna y el B3% para la flexion.

Diez pacientes no completaron la dinamemetria, la
mayoria de ellos por no poder generar fuerza en ab-
duccion. Comeo complicacidn se registré en un pa-
ciente un cuadre vagal al finalizar la exploracion, qua
se autolimits. Mo hemos registrade complicaciones
musculoesqueléricas.

Al observar los resultados obtenidos en las medi-

ciones de peak torque se han observade muy rara-
mente mediciones de valor inferior en la modalidad de

contraceién excéntrica que en la modalidad concén-
trica. Esta eventualidad seria de esperar con la inter-
ferencia del delor. En cuanto al andlisis de las medi-
ciones realizadas a diferentes velocidades se observa
que en |0 pacientes se registrd al menos una medi-
cién a velocidades altas superior a la medida a veloci-
dades bajas (al contrario de lo esperado segln la fi-
siologia de la contraccidn muscular en relacion a la
velocidad). Mo obstante, en el momento de realizar
la valoracion global, en general no se considerd un
dato determinante de indicios de poca colaboracion.

Los déficit se agruparon en grupes de velocidades
y modalidades de contraccion (tabla 2). En cuanto a
las rotaciones, los déficit mds elevados se observaron
para la rotacidn externa, a |B0®/s y en modalidad con-
céntrica (F2%; DE 1556). Los déficit de los rotadores
internos son inferiores aunque relevantes en todas las
medicionas realizadas en la modalidad de contraccion
concéntrica. Los déficit medidos en la modalidad de
contraceidn excéntrica para los rotadores externos
son sala y ligeramente superiores a lo que se consi-
dera relevante (35,5%; DE 6,36 y 32,5; DE 12,02 para
60%s y 120%s respectivamente). Los déficit para los
rotadores internos son inexistentes en esta modalidad
de contraccion. Los déficit de flexion son en general
poco relevantes, y, al igual que en el caso de los ro-
tadores, inferiores en la modalidad de contraccion
excéntrica. El déficit de extensores dio resultades
desiguales, probablemente por el posicioramiento es-
pecifice del paciente que induce a adejar caern el
braze a favor de la gravedad en las contracciones con-
céntricas. Por el contrario, se destaca la ausencia de
déficit en extension en la modalidad de contraccion
excéntrica. Por dltimo, la media de dos déficit de ab-
dueceién, en los pocos pacientes donde se ha podide
realizar ha side muy poco relevante. Los altos déficit

TABLA 2. Déficit medic (%). En cursiva se anota la desviacién tipica.

Déficit Deficit Déficit Deaficit Deeficit

Concéntrica Excéntrico Caoncéntrica Excéntrico Concéntrico

&0%s als 1 20%s 1 20%s 180°fs

Romddn externa 54.00 35,50 60,00 3250 72,00
1980 4,36 1980 12,02 [5.56

Roracien interna 3250 400 35,00 |50 4050
14,85 2404 1.4 26 16 071

Flexicn 35.50 25,00 48,00 23,50 25,00

2333 2263 24.04 [ 768 5091

Extension 20,00 14,50 50,00 950 29.50

141 4,85 G890 3,44 44,55

Abduccion 25,20 17,20 9,80 -3,60 15,00

14,10 2,18 20,75 24 64 2471

Adduccion 42,80 41,60 63,75 44,25 7167

2494 37,75 2297 1721 2710
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TABLA 3. Ratios excentrico/concentrica (REC).

RECRE RECR RECRE RECR AREC FLEX REC EXT REC FLEX REC EXT REC ABD AREC ADD REC ABD REC ADD % con Roto

6 4l (20 [20 il il 120 124 &l L] 120 20  ENC-2.08

I 2100 1561 8.5 1.5 1,65 4,08 375 2 75.00%

2 280 181 176 217 45 1.45 1.73 4,12 1,34 132 1.39 416 41.67%

3 3.00 .21 L6 .12 |38 119 06 .97 37.50%

4 241 19 .99 .37 S0.00%

5 1.54 I.15 1.77 I [.55 1.84 I.63 .57 0.0:0%

& 1.2l 1,13 1.93 1.3% 1.21 0.9 1.36 [.05 I.14 |84 1.51 1,87 0.00%

7 L51 134 IL.B7 15 50.00%

8 1.74 1.37 231 I.6 224 1.28 249 [.5 37.50%

@ |28 212 1,96 275 1,23 .19 33.33%

] 1.&l 1.09 1.85 117 .39 .19 2 .33 0.00%
I .22 1.04 1.33 I.14 [.43 1.35 I.26 [12 0,97 12 117 l.og 000k
12 |.58 1.5 1.8 2 0.00%
|3 2 1.52 1,98 1.92 1,73 1.62 3.11 4,85 1,32 122 154 18,18%
14 2 1.24 335 1.31 |.57 1.3 A% 1,64 50,00%

en adduccién no se consideran en general relevantes
per un efecto de wdejar caery. De todas manera se si-
gue cumpliendo el heche de que los déficic son ma-
yores a contraccion concéntrica que excéntrica.

Se han registrado REC elevados en nueve pacientes
(tabla 3).

Una vez calculados y analizados los resultadas hasta
aqui expuestos, el primer firmante de este trabajo emi-
tid un informe individualizade referente a los déficit ha-
llados y el nivel de colaboracién o sinceridad (tabla 4).
De los |4 pacientes a |2 se les objetivaron déficic re-
levantes en las mediciones realizadas. Los pacientes a
quienes no se objetive déficic se les propuse ala por
curacion que aceptaron. En los pacientes en que se ob-
jetive déficit sin indicios de poea eolaboracisn la prueba
sirvid en general para ajustar la propuesta al alea, todas
salieron con algin grade de incapacidad o baremo
(eompensacién econdmica por secuela establecida por
la ley ¥ que no implica incapacidad laboral). Firalmente,
de los cineo pacientes en que se detectd déficit rele-
vante en un contexto de indicios de poea colaboracién,
une impugnd un alta por curacién. Su impugnacion fue
desestimada en magistratura utilizands como prueba el
peritaje con isocnéticos. Otre paciente fue reinterve-
nide y continla de baja. El resto aceptd la propuesta
que le hizo la mutua con la prueba pericial en sus ma-
nos. Todos los pacientes dades de alta menos uno re-

gresaron a su puesto de trabajo anterior. El dempo me-
dic de baja laboral fue de |0 meses.

DISCUSION

El balance muscular manual es un instrumento de
medicidn insuficiente para determinar el déficic de fuerza
como secuela. De hecho, en esta muestra de pacien-

tes, la mayoria aleanzaban balances musculares ma-
nuales entre 4 & 5, a pesar de que aquejaban pérdida
de fuerza. Por tanto ereemos de un alto interés, y mas
en el entorno laboral y de la valoracién del dano cor-
poral, el disponer de un método objetive para medir
los déficit musculares de una manera fiable.

La evaluacién mediante dinamometria isocinética
propuesta en este trabajo es relativamente sendilla de
realizar con un entrenamients adecuade y a pesar de in-
cluir mediciones excéntricas, potencialmente inductoras
de lesiones, no ha supuesto complicaciones musculoes-
queléticas relevantes. Bl caso de cuadro vagal al finallzar
la prueba que presentd un paciente no requirid ninguma
medida especial. La dificultad de muchos pacientes para
realizar la prueba en abdoadduccion nos hace cuestie-
nar la idoneidad del posicionamiento propuesto para
esta accion particular de la articulacion del hombro y se-
Fia conveniente quiza plantear otras opciones.

En lo que respecta al andlisis sistemdtico de los re-
sultados cabe recalear que el andlisis de las medicio-
nes de peak torque alcanzadas a diferentes velocida-
des y modalidades de contraccidn (concéntrica y
excéntrica) nos ofrecen poca informacién sobre la sin-
ceridad del esfuerzo en esta muestra.

Los déficit musculares expresados en % respecto al
miuscule contralateral ya nos orientan muche mas en
la evaluacién del paciente. Par un lade nos determi-
nan el grade de déficit y por otro lado podemos in-
tuir ¢poca colaboraciény en el caso de tener una gran
discrepancia entre los déficit registrados en las medi-
ciones concéntricas y las mediciones excéntricas. Asi,
si observamos una gran discrepancia a favor de las
primeras podemos empezar a considerar que proba-
blemente hay indicios de poeca colaboracién. Final-
mente, los déficit mas relevantes en esta articulacién
serian los referidos a la rotacién externa, la abduccidn
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TABLA 4. Valoracion de la prueba y utilidad posterion

Deficits dndicios poce Sofictonte Propuests  Aceptocion Mogsraturn Resalunidn Utiizacion de Retorno ol Tiempo de
relevantes  colaborooion of ots  propuests peritme come  miEmo puesto  bajo (oborol
bruieba de trabajo
I & 5 Mutua Curacion P S Desestimacion de 5/ S
laboral Ia impugnacion
del alta realizada
por el paciente
1 Mo Si Mutua Curacion Si Mo Si Bm
labroral
i 0§ Mo Mutua |Ep S Mo Si im
laboral
4 5§ S Mutua Mo Continua de
latoral baja
5 8 Mo Pacierte  |FP 8 Mo concesion IPT Si, no demostro Si Em
solicitada por el suficiente deficic
paciente sagin el juez
& & Ma Mutua PP Mo S Concesion de IPF No Si I7T m
laboral solicitada por el
pacente
7 5 S Mutua PP S Mo Si 4 m
laboral
g 5 Si Mutua Baremo Si Mo Si
[aboral
9 5 Ma Paciente Baremo Mo Mo Si Im
[V Mo Mutua [P S Mo Si [& m
laboral
Il Mo Mo Paciente  Curacion & im
12 S Mo Mumua [FT S Mo Mo 12 m
labaral
13 5 Ma Paciante - - - - - - -
I4 5 Si Mutua Barema Si Mo Si 12 m
laboral

PP Incapacidad permanente parefal.
IFT: Incapacidad permanente total
1 IhEes.

y la flexion. Ne en vane, son las acclones mds com-
prometidas en la patologia tendinosa del hombro.

Una vez establecido el déficit, el REC es ¢l parid-
metro mas Gtl para hacer una valoracion de la since-
ridad. En este sentido, observamos por un lade cuan-
tos REC son superioras a los limites establecidos en
la literatura en un paciente, y por otro lado tenemos
en cuenta la magnitud del ratio. Es decir, a un paciente
con mds de un REC elevado y valores altos se le atri-
buirdn indicios de poca colaboracién y sus eventuales
déficit serdn cuestionados. En la base de esta aproxi-
macioén objetiva se encuentra la cada ver mayor evi-
dencia de que el control metor de las contracciones
excéntricas es adnicon e independiente del control de
las contracciones concéntricas'?. En experimentos re-
alizades con veluntarios a los que se les pidia que re-
alizaran contracciones submiximas para simular pér-
dida de fuerza, el aumento de los REC era

constante'%'3. En definitiva, se trata de una aproxi-
macion objetiva basada en la mas reciente evidencia
de fisiologia de la contraceién muscular

Los resultados del uso de los informes emitidos por
el servicio de evaluacidn isocinética expuestos mas
arriba ilustran muy bien las dos vertientes de la téenica
y protocole propuestos. Por un lado, permite definir
de una manera precisa y exhaustiva los déficic muscu-
lares de los pacientes en los que se aprecia buena co-
laboracion, permitiendo tomar decisiones médico-le-
gales mas justas y basadas en datos objetives. Por otro
lade, en pacientes con indicios de poca colaboracién,
puede suponer un argumento objetive y justo para
afrontar peticiones del misme, y. en casos de resolu-
cién en magistratura puede usarse como prueba. Cabe
decir que ya es ampliamente aceptada en los juzgados.
Considerameos que el instrumento ideal seria la deter-
minacién de un DEC para el hombro. En la literatura

55 Rehobilivacidn (Madr) 200236(5):284-291 291

@ Utilitat de la dinamometria en la rehabilitacié de patologia musculoesqueletica en pacients laborals



CHALER |, ET AL EVALUACION DE LA SINCERIDAD DEL ESAUERZD BN EL HOMBRO MEDMANTE DINAMOMETRLA ISCCINETICA

ya se encuentra un trabajo muy reciente que evalia la 6. Dvir Z Coefficient of variation in maximal and feigned

flexion del hombro'®, Por otro lado el uso del coefi- ﬁ;??glir;T“E grip effort. Am | Phys Med Rehabil

ciente de variacion deberfa hacerse con la maxima pru- ST i )

dencia en el dmbito médico-legal 7. Hill AY First and Last Experiments in Muscle Mecha-
’ nics. Cambridge, UK: Cambridge Univ Press; 1970.

En conclusion, la dinamometria socinética del hom- 8. Shidar A, Dvir Z. lsokinetic strength relationships in
hl:ﬂ £on un protocolo que incluya mediciones con- shoulder muscles. Clinical Biomechanics 1995;10:36%-73.
céntricas y excéntricas a diferentes velocidades, esun 9 Dyir Z. Physiological and Biomechanical Aspects of lso-
instrumento segure, objetive, basado en la evidencia kinetics. En: Isckinetics. Muscle Testing, |nbarr:m13l‘.iun
de la fisiologia de la contraceién muscular, actualmente and Clinical Applications. Mew York: Churchill Livings-
disponible y factible. Las dnicas desventajas son el tone; 1995.
costo del equipamiento y el requerir un entrena-  10. Dvir Z.h_lDa'-'id G Slll:u?pt:;_rul muscle parf::ﬂ_lnance mea-
miento especifico. En definitiva, se trata de una apro- SLETNG NI axsniolh MR Sy AL S Fhétny T
ximacién de gran interés en el ambito laboral y de eva- . ;E F;’t::d'uk‘ rch Pm:je'ifn’“:h’l I'!"?{lu.?::?ﬂ-ﬂ LI—

: F i . ir isokinetic study of submaximal effort in e
:;';‘;‘?:nj:'mﬂ;u_m' F‘:Tu:':: h:'i'jzt:“‘“ma o baw flexion. Percept Motor Skills |997:84:1431-8.
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Usefulness of short RoM isokinetic dinamometry in feigned maximal
shoulder external rotation effort identification

Eduard Pujol, Joaquim Chaler, Laura Sucarrats, Inés Lopez, Blanca Zeballos, Roser Garreta,
Zeevi Dvir

Enviat a publicar a Disability and Rehabilitation

Objectiu

El propodsit d’aquest estudi era examinar I’efectivitat de la diferencia dels ratis excéntric/con-
centric a velocitat alta i els registrats a velocitat baixa (DEC) en la diferenciacié de un esforg
isocinetic maxim i submaxim de rotadors externs en una mostra de subjectes sans. En aquest
cas també interessava veure si un test realitzat en un rang articular curt també podia ser util en
aquest proposit. També, com objectiu secondari, hi havia la observacio de la influencia del dis-
positiu en els resultats del DEC.
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Per aix0 es van seleccionar 16 homes voluntaris sans de 20 a 45 anys d’edat. Els subjectes va-
ren fer dos tests: un maxim i un submaxim. Tots dos comprenien contraccions concéentriques i
excentriques. El test es realitza també amb dos rangs articulars, 20° (curt) i 60° (llarg). El primer
es va fer a unes velocitats de 10°s™" i 40°s' mentre que el segon a 30°s" and 120°s". Es van
calcular els moments de forga maxims, els ratis excéntric/conceéntric i, finalment, el DEC.

Resultats principals

Els DEC registrats en les situacions submaximes van ser significativament superiors als obtin-
guts en situacions de esfor¢c maxim de rotadors externs, tant pel que fa al recorregut curt com el
llarg. Es van poder determinar uns punts de tall per recorregut curt (0.46) com pel recorregut llarg
(0.58) a partir dels quals es pot considerar que el DEC indica esfor¢ submaxim. La especificitat
del DEC va ser molt alta en les dues situacions per definir esfor¢ submaxim. La sensibilitat va ser
pel recorregut llarg de un 50% mentre que a recorregut curt d’'un 18.8%.

Conclusioé

El DEC pot ser util en la deteccié de esforgcos submaxims durant la realitzacioé d’un test isocinétic
de rotadors en un rang articular curt. No obstant la seva escassa sensibilitat posen en qlestio
la seva aplicabilitat practica.

El DEC, obtingut en un recorregut llarg aplicant un protocol préviament definit perd amb un
dispositiu isocinetic diferent, va ser util per detectar esforcos submaxims amb una sensibilitat
acceptable. No obstant el punt de tall obtingut difereix del préviament fixat amb un altre dispo-
sitiu usant el mateix protocol.

Cal més recerca i es continuara el treball actual per confirmar les troballes preliminars.
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Abstract

The purpose of this study was to examine the effectiveness of a protocol for
differentiation of submaximal from maximal effort in shoulder external rotation
isokinetic tests. 16 healthy men aged 20 to 45 years took part in the study. In a first
test, the subjects were instructed to exert concentric and eccentric external rotator
efforts. Then, test was repeated performing submaximal concentric and eccentric
effort. The test was performed at two ranges of motion, 20 © (short) and 60 * (long).
Two angular velocities of 10°%/ s and 40°% s and 30 %/ s and 120° s were applied
respectively. Peak torques, eccentric/concentric ratios and difference of eccentric to
concentric ratios at high and low velocity (DEC) were recorded and compared for

maximal and submaximal conditions.

DEC parameter was effective in distinguishing maximal from submaximal isokinetic
efforts both in long and short range of motion. Such parameter might be useful in
assuring validity of shoulder external rotator isokinetic tests in clinical practice and

medico legal situations.
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Introduction

Injuries involving the shoulder, especially shoulder impingement, are, together with
those involving the elbow, the knees and the back, among the main causes of

occupational disease and musculoskeletal disorders?

Evaluation of shoulder external rotator muscle strength may be an essential
component to assess shoulder injury patients. In fact isokinetic tests have been
extensively used in shoulder injury patient assessment®3, Isokinetic dynamometry
provides accurate and reproducible measurement of shoulder external rotator dynamic
muscle sirength*. Information yielded by isokinetic tests is generally useful for
planning and monitoring strength training programs, as well as establishing
permanent impairments. However, patient collaboration is crucial in order to generate
reliable results. Thus estimation of the level of collaboration during an isokinetic

strength test is of great interest.

A number of parameters, such as coefficient of variation and the difference between
isokinetic eccentric and the concentric strength ratios at high and low velocity (DEC)
have been advocated to differentiate between maximal and submaximal efforts using
isokinetic testing5-16. Among them, the DEC appears to be the most widely accepted.
Specifically, DEC has been proven to be highly effective at identifying feigned
maximal muscular effort in different joints and actions in both healthy subjects and in
patients”-1418 Different central nervous system pathways of activation and control of
concentric contractions as opposed to eccentric contractions have been defined 1718 [t
has been postulated that the effectiveness of DEC depends on such differentiated
motor control . In other words, eccentric strength is voluntarily less “controllable™

than concentric one. Therefore, in feigned maximal efforts, 1.e. when individuals try
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to use less sirength than they are capable of, eccentric to concentric ratios (E/CR)
increase, especially at high velocities, which in turn increase the value of DEC values.
DEC increase in submaximal situations makes it possible to establish, based on
studies involving volunteers, cut-off levels to determine whether an isokinetic test
hast been submaximal, namely the individual has not used maximum possible

strength.

Regarding shoulder external rotator muscles, DEC efficiency has been previously
established in normal subject submaximal effort detection®. [is usefulness has also
been described for shoulder injury patient maximallity of effort detection??. However,
in these previous studies, isokinetic test was performed in a quite extended range of
movement (RoM), namely 60°, which might not be easily attainable for shoulder
injury patients. Thus, a shorter test RoM would be desirable in order to assess some
cases of shoulder injury patients. DEC efficiency in short isokinetic test RoM has
been previously described for shoulder flexors!5, elbow flexors!! and trunk
extensors!®131% To our best knowledge DEC efficiency in maximallity of effort
detection in short RoM shoulder external rotator isokinetic tests has not been
previously assessed. Therefore, the main goal of the present study is analysing the
effectiveness of DEC in identifying suboptimal efforts in a healthy volunteer

population performing shoulder external rotation isokinetic tests in both a long (607)

and short (20°) RoM.
Material and Methods
Subjects

Sixteen healthy male volunteers aged 20-40) years (33.63+6.05) without prior history

of shoulder pathology took part in this study. All subjects signed an informed consent
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form, which contained detailed information about the study. The study was reviewed

and approved by the local Ethical Review Board.
Protocol

The test was conducted using a CONTREX (CMV AG, Diibendorf/Schweiz)

isokinetic dynamometer. The main parameter registered was peak torque (PT).

The testing positioning for isokinetic shoulder external rotation strength has been
previously described (jError! Marcador no definido.). Warm up and testing was
conducted with the subject seated on an adjustable seat and proximally stabilized
using cross chest straps. The arm was positioned in the scapular plane, between 30
and 45 anterior to the frontal plane and elevated 45°. Elbow was maintained at 90°
flexion and supported by a standard shoulder rotation attachment. A forearm strap
helped positioning the elbow. The forearm remained neutral during the testing
protocol while the hand grasped a handle connected distally to the lever arm. The

mechanical axis of the lever arm was aligned with the humeral shaft.

Neutral position (i.e. ( rotation) was defined locating the forearm in the sagittal
plane. Then, two external rotation isokinetic strength test RoM were set: 20° { from
55" to 35° of internal rotation approximately) and 60° (from 55° internal rotation to 5°
external rotation) According to previous studies, the test velocities were set ata 1:4
gradient of 10 and 40%'s and 30 and 1205 for short and long RoM respectively. Once
the subject was positioned and the limb strapped to the attachments, gravity correction

was performed as indicated by the device manufacturer software.

The test protocol started with a familiarisation and warm-up phase, which consisted of

one set of 5 submaximal concentric contractions followed by a 2-minute rest and one
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set of 5 submaximal eccentric contractions. In the concentric phase, the subject was
instructed to push and pull the lever arm throughout the RoM. In the eccentric phase,
the subject was instructed to actively resist the lever arm that was moving in both

directions. After a 3-minute rest, the actual test started.

In the first part of the experiment (short RoM) subjects were asked to initially exert
maximal effort against the lever arm at 10°s. This effort consisted of 4 pairs of
conceniric and eccentric contractions, with a 5-second intercontraction pause and a
25-gecond interpair pause. After a 30-second pause, the velocity was raised to 40%/s
and the same protocol was repeated. Following a 3 min pause the protocol was

repeated at long RoM (60°) and high velocities (30 and 120%'s respectively)

Following 5-min pause, the second part (submaximal effort) started. During this one,
the subject was instructed to apply reduced force during the test, feigning weakness.
The subject was told to imagine that one year ago he had an accident and, although he
had now recovered, he had to try to convince the doctor that he still had weakness in

order to receive compensation. Afier these instructions the full protocol was repeated.
Data and statistical analysis

Once peak torque of each contraction (concentric-eccentric), velocities (10°/5-40%s
and 30%/s-120°/s), long and short RoM and test conditions (maximal- submaximal
effort) were individually recorded, eccentric to concentric ratios (E/CR) were

calculated for each velocity and test condition.

From these values, the following parameters were calculated for each test condition:
DEC .on pora= E/CR 4015~ E/CR 1077

DEC 1ang Rom= E/CR 12075- E/CR 307
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The findings were analysed using the statistical software SPSS V13, The statistical
tests used were t-student for coupled data and analyses of variance (MANOVA) with
repeated measurements with DEC as a dependent variable and effort level as a fixed
factor. A p=0.05 indicated statistical significance. Finally the DEC tolerance interval
for maximal effort was calculated, and the cut-off level was calculated from normal

distribution tolerance intervals?!.
Results

Table 1 outlines the mean peak torques values and E/CR for shoulder external rotators
in the two experimental conditions (short and long ROM). [n both conditions, the
mean peak torque at maximal performance was significantly higher than those
registered for the feigned maximal counterpart (p=0.001). Regarding E/CR, both short
RoM and long RoM high velocity E/CR registered while performing a feigned
maximal effort were significantly higher than their maximal effort counterparts. Such

difference was not found in low velocity registers in both conditions.

Feigned effort DEC values (Table 2) were significantly higher than their maximal
effort counterparts, both for long RoM (p=0.049) and short RoM (p=0.028)

conditions.

Once proven that submaximal effort DEC were significantly higher than maximal
efforts ones, cut-off values were calculated using these DEC scores to allow the

identification of feigned maximal efforts in both long and short ROM conditions.

The cut-off level value derives from the caleulation of tolerance intervals for normal
distribution?!. Following present study maximal effort DEC | for a 95% confidence

level, the value of long ROM and short ROM DEC for shoulder external rotators
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should exceed 0.58 and 0.46, respectively, to label an effort as submaximal (see table
2). Obviously, the higher the level of confidence is set, the higher the cut-off level.
Therefore, for a confidence level of 99% the cut-off value would rise to 0.646 and
0.54 respectively, whereas for 90% the cut-off value would drop to 0.552 and 0.426
for long and short ROM respectively. The cut-off values would drop to 0.483 and
0.342 respectively for a confidence level of 85% and to 0.454 and 0.306 respectively

for an 80% confidence level (see Table 2).

For each of these cut-off values, the table 3 outlines the corresponding figures for
sensitivity and specificity. The latter was 100% in this sample for all levels of
confidence both at short and long RoM. Sensitivity was much lower, especially for
short RoM measurements. Depending on the level on confidence selected, DEC
showed a sensitivity ranging from 43.75% to 56.25% in detecting submaximal
performers when using a long RoM in present sample. Short RoM measurement based

DEC sensitivity in submaximal effort detection ranged from 12.5% to 25%.

Discussion

The results of this study indicate that, in healthy male volunteers, a feigned maximal
effort of shoulder external rotators can be identified using the DEC in both long and
short RoM protocols. However, in the latter condition, sensitivity of DEC
dramatically lowers. On the other hand, a DEC shows a very high specificity in both
long and short RoM conditions, thus indicating that the likelihood of false positives

{namely, labelling a real maximal performer as submaximal) is negligible.

PT values, as expected, were significantly higher in maximal condition than in
submaximal condition in both long and short RoM tests (see table 1). As expected

maximal effort eccentric measurements registered higher PT values than their
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conceniric counterparts, both in long and short RoM. The latter, however showed a
lower difference between eccentric and concentric values. That is most probably due
to the low measurement velocity. Present sample long RoM maximal effort PT values
are considerably higher than those found in a previous study using the same
protocoll? in a similar population of male subjects. Whilst, in present sample, mean
low velocity (30%s) PTs registered in concentric and eccentric mode were 38.47TNm
and 43 26Nm respectively, previous study counterparts were 27.5Nm and 32.3Nm
respectively. High velocity (120%/5) mean PTs registered at conceniric and eccentric
mode in present sample reached 34.34Nm and 45.74Nm respectively whereas same
measurements in previous study registered 21.2Nm and 31.4Nm. The reason of this
unexpected finding might be probably due to the fact that in former study'® gravity
correction was not performed (Cybex Norm isokinetic system software did not allow
to perform such procedure) whilst in present study was. However other factors such
as those related to the subjects, test performers, and isokinetic system hardware and

software issues cannot be excluded as sources of present differences.

According to previous studies E/CR analysis shows that submaximal effort values
were higher than their maximal effort counterparts. However, significant difference
could only be demonstrated in high velocity part of the test for both long and short
RoM. In fact, such finding is in the base of DEC raise in submaximal effort and it
indicates a lower voluntary control of eccentric contraction at high velocities (see
table 1). Comparison of long RoM E/CR values to previous study by Chaler et al.1¥
reveals that present low velocity(30%s) maximal and submaximal effort E/CR (1.13
and 1.24 respectively) were close to the previously found with the same protocol
{1.17 and 1.23 respectively). On the other hand, high velocity E/CR found in present

sample at maximal and submaximal conditions (1.35 and 1.80 respectively) differed
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substantially to the previously described (1.48 and 3.52 respectively). The remarkable
difference of submaximal effort high velocity(120°%'s) E/CR between the two studies
is highly conspicuous and, as discussed below, directly affects DEC power in

submaximal effort detection in present sample.

DEC analysis (see table 2) showed, as expected, that all submaximal effort values
{namely for long and short RoM) were significantly higher than their maximal effort
counterparts. Mean DEC values registered in maximal effort, in both long RoM
(0.215 £ 0.126) and short RoM({0.014 + 0.154), were well within the DEC value range
reported in previous studies performed in different muscle groups (-0,007-0,68) &
13151619 [t i particularly interesting to note that, comparing to the previous study1?
were DEC in identification of shoulder external rotator effort sincerity performed in a
long RoM (60°) was tested (0.311 £ 0.173), present study maximal effort mean DEC
was lower (0.215 £ 0.126). Whilst it is not an unexpected finding, a possible
explanation is as stated above that in present study gravity correction was performed
and in the previous one not (the software did not allowed the tester to do so). The
difference found when comparing present study maximal effort mean DEC to the
unaffected side DEC of a sample?0 of patients is even greater, but in this particular
case, age and gender composition of the sample was different, thus indicating that age
and obviously gender might have a key role in maximal effort DEC value. In any case
and in brief, present finding indicates that DEC cutoff levels calculated upon resulis
of a particular isokinetic device brand may not be applicable when another brand is
used. Furthermore, young male derived shoulder external rotator effort DEC values
might not be useful to test other population (namely, older populations and,
obviously, female) maximality of external rotation effort. Short RoM maximal effort

mean DEC shows, as in previous studies testing short ROM in upper limb11.15 a much
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lower value. Regarding submaximal effort long RoM DEC {0.556 £ 0.597), it was
much lower than the one registered in previous study using the same protocol in a
different isokinetic device' (2.925 & 1.945). Thus, the difference between maximal
and submaximal effort DEC, although significant, is much lower. Such fact might, as
discussed below, affect the sensitivity of the test for submaximal effort detection in

the present sample.

Sensibility (namely, the ability of the DEC to detect submaximal ER isokinetic effort)
and specificity (namely, the ability of DEC to detect maximal ER isokinetic effort)
are depicted in Table 3. The higher the confidence level applied the higher the
specificity whilst the lower the confidence level the higher the sensitivity reached. It
is important to note that DEC specificity reaches 100% in all cases and conditions
{short and long RoM) regardless of the confidence level set. However, sensitivity is
much lower, both for long RoM measurements and, especially, short RoM ones. The
latter are too low to be acceptable. The reason might be the low difference between
maximal and subaximal short RoM DEC. It may be hypothesized that the gradient
used (1:4) to calculate the DEC is too low. Probably, a higher gradient may vield
better sensitivity records in healthy volunteers. In fact, in a previous study that tested
DEC use in shoulder flexors maximility of effort detection, a gradient higher than 1:4
was recommended in healthy volunteers!s. However, such a recommendation should
be carefully evaluated, since the higher the isokinetic tests velocity is set the higher
the possibility of not reaching the isokinetic velocity and, thus, lower the reliability of
the test. This might be especially relevant in real patients, which may have true
difficulties to reach very high velocities. Thus, clinical use of present approximation
may be valid in real patients. In such simation, repetition of the test as much as

needed could help to point out false negative submaximal performers from real

@ Utilitat de la dinamometria en la rehabilitacié de patologia musculoesqueletica en pacients laborals



negative ones. Most probably the latter would show similar DEC scores in different
tests whilst the former would have difficulties to show similar DEC scores in two
separate tests. All studies on DEC behaviour, including present one show the low

variability of maximal effort DEC whilst submaximal effort one is highly variable.

Summarizing injures involving the shoulder are frequently treated in musculoskeletal
rehabilitation and occupational medicine settings. [sokinetic evaluation is a very
valuable tool in the rehabilitation progress assessment of these injures. Maximal effort
of the subject is required for the validity of the test. Thus, one of the concerning
problems is the lack of collaboration of the subject during the evaluation test.
Therefore, having tools to handle this problem is crucial for the evaluation of these
patienis. In fact, previous studies focusing in DEC use in shoulder external rotators
effort had revealed that the parameter was efficient and useful both in healthy
individuals and patients!%.20 | Present study adds that DEC is a good tool to detect a
submaximal long RoM external rotator isokinetic regardless of the device used o
perform the test. However the cut-off levels differ from previous ones defined in
another system. On the other hand, pertaining short RoM evaluation, present results
yield a too limited sensitivity in detecting submaximal efforts. Thus, its use should be

conducted with extreme care in the clinical setting.
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Table 1. Strength scores (mean +5SD, In Nm) and Ecc/Con ratios obtained under

maximal and feigned shoulder external rotation efforts.

ROM: Range of motion; Con: Concentric; Ecc: Eccentric.

a All maximal effort strength scores were significantly higher than their feigned

ROM Velocity,  Mode Maximal Effort Feigned Ecc/Con Ecc/Conc
(degrees)  degrees/sec Effort Maximal Feigned
Long (60) 30 Con  3847+£7.732a 2050+755 1.13£0.110 124 £0.557
Ecc 43.26 £ 7.760a 23.07+ 5589
120 Con 3431+7.114a 18.08+5867 1350111 LR80+0491b
Ecc 45.74 £ 6.694a  30.72 £ 6.587
Short (20) 10 Con 3441+£7953a 19266106 1.07+0.145 114+0.270
Ecc 36.03+£6272a  21.14+5.79%4
40 Con  3487+£7.7%a 18565301 1.08+£0078 136+0412¢
Ece 3758 £8.151a 24005707

counterparts (p<0.001 in all cases).

b Submaximal effort 120%'s Ecc/Conc ratio is significantly higher than its maximal

effort counterpart (p=0.005)

¢ Submaximal effort 40°/s Ecc/Conc ratio 1s significantly higher than its maximal

effort counterpart (p=0.026)
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Table 2. Average difference between the eccentric to concentric strength ratios (DEC)

values ant the associated differentiation power.

Long ROM (60°) DEC values = SD Short ROM (20°) DEC values = SD
Maximal effort Feigned Effort Maximal effort Feigned Effort
0.215+0.126 0.556 £ 0.597a 0.014 £ 0.154 0.216 £ 0.292b
Confidence

Cutoff level Cutoff

<(.454 B0% <0.306

<483 85% <(.342

<().552 90% <0.426

<(L580 95% <(.461

<(.646 99% <0.540

ROM: Range of motion

a long ROM feigned effort DEC is significantly higher than its maximal effort

counterpart p = 0.049

b short ROM feigned effort DEC is significantly higher than its maximal effort

counterpart p = 0.028
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Table 3. Submaximal effort detection sensitivity and specificity of long ROM and

short ROM DEC at different confidence level.

confidence
Cut-off  Sensitivity (%)  Specificity (%)
level (%a)
Long ROM 80 0.454 56.25 100
85 0.483 56.25 100
90 0.552 50 100
95 0.580 50 100
99 0.646 4375 100
Short ROM 80 0.306 25 100
85 0.342 18.75 100
90 0426 18.75 100
95 0461 18.75 100
99 0.540 12.5 100

ROM: Range of motion
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Capitol 5.5

Detection of effort maximality in normal
subjects performing isokinetic wrist
flexion and extension

Deteccio de la maximalitat de I'esforg
isocinetic de flexors dorsals i palmars
de canell en voluntaris sans

Enviat a publicar a: Eur J Phys Rehabil Med

Detection of effort maximality in normal subjects performing isokine-
tic wrist flexion and extension

Mercé Torra, Joaquim Chaler, Eduard Pujol, Carme Unyd, Salvador Quintana, Roser Garreta,
Zeevi Dvir

Enviat a publicar a: Eur J Phys Rehabil Med

Objectiu

L’objectiu del present estudi va ser examinar la utilitat de la diferencia dels ratis excentric/con-
céntric a velocitat alta i baixa (DEC) en la identificacié de esforcos submaxims de flexors dorsals
i palmars de canell.

Per aquest proposit es van examinar vint voluntaris sans entre 20 i 40 anys d’edat (28.5+3). Els
participants van ser instruits per fer un esforgc maxim i fingit de flexors dorsals i palmars de ca-
nell al llarg de 20° de recorregut articular a dues velocitats de contracci6: 10°s™ i 40°s™. Es van
calcular els moments de forca maxims, els ratis excéntric/concéntric i els DEC.
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Resultats principals

Els DEC registrats en situacié submaxima van ser significativament superiors als registrats en
situacié maxima, tant pels flexors dorsals de canell com pels flexors palmars. La sensibilitat del
DEC era d’'un 71.4% i 62.5% pels flexors dorsals i palmars respectivament. L’especificitat en
tots els casos va ser de un 100%.

Conclusio

El DEC pot ser un parametre valid per detectar un esfor¢c submaxim de flexors dorsals i palmars
de canell en subjectes sans.
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Detection of effort maximality in normal subjects performing isokinetic wrist exion and extension

Absiract

Ohjective: Previous studies have indicated that DEC is a powerful tool for identifying submaximal effort
in other muscle groups but its efficiency in terms of the wrist extensors (WE) and flexors {WF) isokinetic
effort has hitherto not been studied. The aim of present study is to examine the wselulness of the

difference between 1sokinetic eccentric o concentric strength ratios at high and low velocities (DEC) for

identifying suboptimal wrist extensor and flexor isokinetic efforts

Design: Twenty healthy male volunteers aged 20-40 years (28 5232) without prior history of upper limb
injury were instructed to exeri maximal and feigned efforts, using a range of motion of 20" in concentric

and eccentric WE and WF modes at two velocities: 10 and 4075,

Results: Feigned maximal effort DEC values were significantly higher than their maximal effort
counterparts, both for WF and WE. The sensitivity of the DEC was 71.43% and 62.5% for WE and WF

respectively. The specificity of the DEC and was 100%.

Conclusion: The DEC may be a valuable parameter for detecting feigned maximal WF and WE isokinetic

effort in healthy subjects.

Key words: Wrist, Feigning, Effort, Identification
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Introduction

Injuries involving the elbow and forearm, especially lateral and medial epicondylitis, are, iogether with
those involving the shoulder, the knees and the back, among the main causes of occupational disease and
musculoskeletal disorders 1. Evaluation of forearm muscle strength may be an essential component to
assess the functional status of patient presenting with upper limb disorders. In patients with epicondylitis
forearm muscle strength assessment has been used as an evaluation or research toal ¥ Wrist muscles
strength measurement performed using 1sokinetic dvnamometry provides accurate and reproducible
findings *3_ [sokinetic test resulls can serve as guidelines for planning and moniloring strength training
programs, as well as for establishing permanent impairments. However, patient collaboration is erucial in
order to generate reliable results. Thus estimation of the level of collaboration during an isokinetic

strength test is of great interest, particularly when medicolegal claims are involved.

A number of parameters such as coefficient of variation (CV), eccentric to concentric ratios (ECER) and,
specially, DEC have been advocated to differentiate between maximal and submaximal efforts using
isokinetic testing 7. Among them, the difference between isokinetic eccentric and the concentric
strength ratios at high and low velocity (INEC) is the most widely accepled. Specifically, DEC has been
proven to be highly effective at identifying feigned maximal muscular effort in different joints and actions

in both healthy subjects #1518 and in patients 1517,

It has been postulated that the effectiveness of DEC depends on the different central nervous system
pathways of activation and conirol of concentric contractions compared to their eccentric counterparts
1220t has also been hypothesised that eccentric strength was less “controllable” than concentric strength.
Therefore, in submaximal efforts, i.e. when individuals try to produce less strength than what they are
capable of, eccentric o concentric ratios (ECR) increase, especially at high velocities, which in turn

increase the value of the DEC. This increase in DEC in submaximal situations makes il possible 1o
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eslablish, based on studies involving volunteers, cut-off levels to determine whether an isokinetic test hast

been submaximal, namely the individual has not developed maximal possible strength.

To the best of our knowledge, the efficiency of the DEC for detecting submaximal WE and 'WF isokinetic

strength has not been studied, hence the present study.
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Material and Methods
Subjects

Twenty healthy male volunteers aged 20-40 years (28.5232) without prior history of elbow, wrist or hand
pathology took part in this study. All subjects signed an informed consent form, which contained detailed

information about the study. The study was reviewed and approved by the local Ethics Review Board.
Protocol

The test was conducted using a CONTREX (CMY AG, DiibendorfliSchweiz) isokinetic dynamometer.

The main parameter registered was peak torque (PT).

Subjects were sat and stabilised using cross-chest straps. During the test, the elbow was Mexed at 90° with
the forearm in pronation. The dynamometler axis was aligned with the ulnar styloid. Two special forearm
straps were placed, one towards the front and one towards the back, in order to prevent it from moving

during the test (Fig. 1).

The approximate duration of the test was 40 min and it was performed exclusively on the dominant side.
The test’s range of motion (Rob) was 20° (from 107 of wrist flexion to 107 of wrist extension), which was
selected due to the excellent tolerance reported by patients in preliminary tesis. In keeping with previous

studies *! the low and high velocities were set at 10 and 40%s respectively, namely a 1:4 gradient.

The test protocol started with a familiarisation and warm-up phase which consisted of one set of 5
submaximal concentric contractions followed by a 2-minute rest and one set of 5 submaximal eccentric
contractions. In the concentric phase, the subject was instructed to push and pull the lever arm throughout
the Robd. In the eccentric phase, the subject was instructed to actively resist the lever arm that was

moving in both directions. After a 3-minute rest, the actual test started.
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In order to analyse to what extent the DEC was effective to identify suboptimal efforts, the protocol

comsisted of two experimental conditions: maximal and submaximal.

In the first part of the experiment (maximal effort) subjects were asked to initially exert maximal effort
against the lever arm at 1075, This efTort consisted of 4 pairs of concentric and eccentric contractions,
with a 5-s inter-contraction pause and a 23-g inter-pair pause. After a 30-z pause, the velocity was raised
i 40°/s and the same protoce] was repeated. Three minuies later the second part (submaximal effort)
started. During this one, the subject was instructed to apply reduced force during the test, feigning
weakness. The subject was told to imagine that one vear ago he had an accident and, although he had now
fully recovered, he had to try convinecing the doctor that he still had weakness, with the purpose of

receiving compensation. After these instructions the full protocol was repeated.
Data and statistical analysis

The effort level (maximal vs. submaximal) £ contraction mode (concentric vs. eccentric) and velocity
(10%s vs. 40%s)-specific peak torque (PT) values were derived from the dedicated software and used to
calculate the eccentric/concentric sirength ratio (E/CR) e.g. the E/CRye of the WF was PTece/PTeon at

this veloeity.
From these values, the following parameter was calculated for each test condition:
DEC= ECR 4075 ECR 1075

The findings were analysed using the statistical software SPSS V13, The siatistical tests used were t-
student for coupled data and analyses of variance (MANOVA) with repeated measurements with DEC as
the dependent variable and effort level as a fixed factor. A p=0.03 indicaied statistical significance. The
DEC and SEC tolerance interval for maximal effort was calculated, and the cutofT level was calculated
from normal distribution tolerance intervals 22, Finally, in order to assess the DEC efficiency, the

sensitivity and specificity was determined.
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Resulis

Tables 1 and 2 outline the mean PT values for wrist extensors and flexors respectively in the two
experimental conditions. In both muscle groups, the mean PTs at maximal performance were significantly

higher than those registered for the feigned maximal counterpart (p=0.001).

The differences in PT of the WE between maximal and sub-maximal effort (Table 1) were sipnificantly
lowwer in high velocity eccentric measurements than their conceniric counterparts (p=0.004). Low velocity
differences did not yield significant differences. On the other hand, WF analysis did not indicate
significant differences regarding maximal and submaximal peak torque differences at any instance (Table

.

Table 3 outlines the mean values (50 of WE and WF muscle E/CR for both high and low velocities and
conditions (maximal and submaximal). For all modes and velocities, the E'CE values at submaximal
condition were higher than that found for the maximal condition. Significant differences regarding E/CR
values were demonstrated between maximal and feigned maximal contractions in all cases except for WE

at low velocity.

Feigned effort DEC values (Table 4) were significantly higher than their maximal effort counterparts,

both for wrist extensors (p<0.0001) and Mexors (p=0.030).

Cut-off values were then calculated using the DEC scores to allow identification of feigned maximal

efforts in case these valoes were exceeded.

The cut-off level value derives from the calculation of tolerance intervals for normal distribution 22,
Following the present study maximal effort DEC scores, for a 95% confidence level, their respective

values for WE should exceed 0384 and 2.665, respectively, to label an effort as submaximal. Obwviously,

the higher the level of confidence selected iz, the higher the cut-off level. Therefore, for a confidence

@ Utilitat de la dinamometria en la rehabilitacié de patologia musculoesqueletica en pacients laborals



level of 99% the cut-off value for DEC should be 0.576, whereas for 0% the cut-off value would drop to

0.303 (see Table 5).

Reparding wrist Mlexors, the DEC cutoff value for a confidence level of 95% was 0.317, Exceeding this
would result in labelling the performance sub-maximal. For a higher level of confidence, of 99%, the
value duly increased to 0.486 while for a 90%, level of confidence, the value decreased to 0. 245{see
Table 6). For each of these cut-off values, Table 7 outlines the corresponding figures for sensitivity and
specificity. There was not even one case where the DEC score in maximal effort condition, exceeded the
cut-off for the 99% confidence level, resulling in a specificity of 100%. Lower cutofT levels (namely,
caleulated for a 90% and 95% confidence level) have not resulted in lower DEC specificity for both WF
and WE, Notably the DEC sensitivity increased as lower confidence levels were selected. It showed

higher sensitivity in the case of submaximal WE compared to submaximal WF effort.
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Discussion

The main result of this study is that in healthy male volunteers feigned maximal efforts of WF and WE

can be quite efficiently detected using the DEC. Given iis associated intricacies this result deserves

further elaboration.

Imjures involving the forearm are very frequent in musculoskeletal rehabilitation and sccupational
medicine settings. If these injuries involve a muscular component, which evenitually leads to weakness,
isokinetic dynamomeiry is the ool of choice for its evaluation. The latter derives from the fact that in
addition to its high aceuracy and reproducibility, the incorporation of different contraction modes and
velocities enable a decision regarding patient's collaboration, a eritical condition for the clinical validity
of the findings. As shown before #1923 the DEC provides an efficient tool for this objective but its values
are muscle group-specific. Moreover, for vindication of its application in select patient cohorts, its
validity in healthy subjecis regarding the same muscle group, is an essential preliminary step, leading to

the current study of hitherto unexplored WF and WE muscle groups.

In the present study, the concentric and eccentric maximal effort PT values in WE: 12.96Mm and
12.56Nm (10°/5), 12.84 and 12.58Mm (40%%), respectively, were in the range of the reported strength in
healthy men for conceniric effort: 1 1.3Nm (30¢/s) but lower than the eccentric component: 17.1Mm at the
same velocity. * It is important (o note at this point that both eccentric PTs (at 10%% and 407/5) were
slightly lower than their concentric counterparts. This finding is in variance with the general observation
naimely that in normal participants the strength of eccentric is higher than their concentric counterparts,
within the same velocity resulting in an EACR > 1.0, 2!, However present both EC/Rs are very close to
unity with 1,09 and 0.98 at 1075 and 40°%%, respectively. Therefore, this slight deviation may be attributed

o the relatively low-test velocity.2?

Regarding WF, the maximal effort concentric and eccentric PT mean values (10%s: 18.04Nm; 40°%s:

I8 84Nm and 10%s 20.21Nm; 40%s: 21. 11Nm respectively) were lower than the mean PT values reported
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in the same previous study (concentric values: 307s: 26.1; 90%s: 26.TNm; and eccentric mean values
6%s: 33.4 Nm).* The gaps noted are due both to the velocity of testing and the wse of a different
dynamometer. Interestingly, present sample WF tesis reveal clearly higher eccentric measurements than

concenlric ones.

The PT values during the performance of maximal effort were as expected significantly higher than those
derived from the sub-maximal condition in all instances and in WE and WF alike, However, thiz
difference was not uniform contractionwise; in WE the mean maximal and sub-maximal PTs at high
velocity in eceentric mode were much closer than in concentric mode, an outcome reflecting the more
limited central controllability of sub-maximal eccentric contraction control 1%20. This fnding was not as

apparent with respect to WF probably due to a higher voluntary control of these muscles.

Muost sub-maximal effort E/CR values in present sample were higher than their maximal effort
counterparts. The exception was low velocity (107/8) wrist extensor E/CR. Thus, for WE at 407/s the high
velocity ECR was significantly greater in the sub-maximal effort while remaining substantially the same
at the 10%% test. As highlighted below, these findings provide for a higher power of the DEC in the
detection of sub-maximal WE effort, whereas its utility in doing so vis-d-vis WF is slightly lower due to a

smaller inter-E/CR difference (see Table 3).

The analysis of the WE and WF DEC (Table 4) showed, as expected, that submaximal elTorl value were
significantly higher than their maximal effort counterparts. The mean DEC value for maximal WE effort
(0.01) was well within the DEC value range reporied in previous studies performed in other muscle
groups (-0.007-1.06), whereas WF one (-0.013) was slightly lower than the lowest score that was
previously registered (-0.007). The average DEC values in sub-maximal effort, for WE (0.44) and WF
{0.20), were even lower than the ones found in previous studies (0.68- 6.06) *151_ One possible

explanation is a more refined voluntary control of eccentric contractions in forearm muscles.
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From the submaximal DEC values we have calculated the cutoff scores for indicating admission/rejection
zones for both the WE and WF (Table 5 and 6). These cutoff values may be of decisive use in relevant
medico-legal cases as well as in general clinical practice where isokinetic tests are utilized. However,
high sensitivity and specificity are required in order that they are validly applied. At the same time one
musi bear in mind the interaction between the latter and pre-set level of confidence (loc) namely the
higher the loc the higher the specificity while the lower the loc the higher the sensitivity reached. Table 7
outlines the different sensitivities and specificities oblained using 0%, 95% and 99% loc. Notably the
DEC retained its perfect specificity (100%) even at a loc of 9094 for both muscle groups. In addition,
givien the substantial stability of the specificity of the DEC and given the wide use of 95% as the standard

loc we recommend the use of this loc in testing effort maximality in WE and WF testing,

In present study, DEC has been proven efficient in sincenty of efforl detection using an isokinetic test
performed at a very short wrist ROM (namely 207). Dwir 24 has largely advocated short RoM isokinetic
tests. They may be highly useful for routine clinical practice, especially when a longer ROM cannot be

used due to pain or joint instability, among other reasons.

However attractive the use of the DEC in the medicolegal arena may be, it is essential to keep in mind
that the collaboration of a patient during a diagnostic test can be affected by a wide vanety of causes such
as pain, fear of suffering pain, fear of being injured, anxiety, depression, misunderstanding of the
instructions or of the importance of the test and, obviously, initerest in obtaining financial benefir®s,
Therefore, it is very important o have a detailed anamnesis, a complete physical exploration (so as to
detect the existence of inconsistencies with the clinic) and other complementary tests (that might show the
presence of injuries, which could explain any deficiencies) before assessing the patient’s collaboration. It
is also of essence to note that the current values provide a baseline only to which future studies of
muscular strength in patients with wrist function disorders should refer. As recently indicated in as yet

unpublished paper 23 the DEC values of the uninvolved side of patients impaired with rotatory
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dysfunction of the shoulder furnished a more valid reference than DEC values derived from normal

subjects.

In conclusion, the DEC may be a valuable parameter for detecting feigned maximal effort in wrist flexor-
extension isokinetic tests in healthy subjects. Further research should focus on patients with injuries

involving the wrist, both in medico-legal situations and 1n routine clinical practice.
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Figure Legends

Figure 1 Positioning of the subject.
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Table 1. Mean Peak torque (Nm) of wrist extensors by level of effort and speed.

Maximal effort Submaximal efTort Diference
Contraction
PT+ 8D PT+ 5D Abzolute
type

Concentric 12,96+ 2.74 G.40: 4.1* 652+ 2.09
12,84+ 3.10 522+ 3 57F THEI£312~

Eccentric 1258+ 272 .16k 2 Od* 639+ 214
12,57+ 3.09 f.64+ 3. 15* 5044 2 30"

PT: mean peak torque (Nm)

SD: standard deviation

* p=0,001 significant difference between maximal and sub-maximal effort.

# p=0,004 zignificant difference between eccentric and concentric contraction at 40°%s
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Table 2. Mean Peak torque (Mm) of wrist flexors by level of effort and speed

Maximal effort Submaximal effort Difference
Contraction
Speed PT+ 5D PT+ 5D Absolute
type

Concentric 107 18.044£5.31 5504+ 377 12 44+ 4 09
4075 18.844£5.03 51243 44 13.71£4.02
Ecceniric 10°%s 20214550 G62+4.01* 13.58+ 4.51
405 21114606 T.154+4.74% 13.96+& 5.20

PT: mean peak torgue (Nm)

SD: standard deviation

* p=0,001 significant difference between maximal and sub-maximal effort.
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Table 3Mean eccentric/concentric ralios

maximal submaximal
E/CR SD E/CR SD
wrisl exlensors {1 109 0.56 1.11 0.33
40" (.98 014 1.55* 0.55
wrist flexors 1o 1.12 0.15 125 0.29
40" 1.11 012 1.45° 0.58

E/CR: eccentric/concentrie ratio
SD: Standard deviation

* p=0,001 significant difference between maximal and sub-maximal effort.

* p=0,05 significant difference between maximal and sub-maximal effort.
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Table 4 Mean DEC and standard deviation (5D) in both experimental condilions: maximal and

submaximal effort.

maximal submaximal
mean SD mean SD
wrisl exlensors 0.01 0136 0.44* 0.41
wrisl flexors 0013 0120 0.20° 032

DEC: difference eccentric-concentric
* p=0,001 significant difference between maximal and sub-maximal effort.

*psn,ns significant difference between maximal and sub-maximal efTort.
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Table 5. Mean DEC and standard deviation (SD) in both experimental conditions: maximal and
submaximal effort of wrist extensors. Calculated tolerance or cut-off levels are depicted relative to the

different options of confidence level

Wrist extensors

DEC max DEC submax
0.01 + 0136 044 + 041
confidencelevel (%) Cut-off DEC
o =0.303
a5 =0 384
g =0.576

DEC: difference eccentric-concentric
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Table 6. Mean DEC and SEC, and standard deviation (50 in both experimental conditions: maximal and
submaximal effort of wrist flexors. Caleulated tolerance or cut-off levels are depicted relative to the

different options of confidence level

wrrist flexors
DEC max DEC submax
0.01 + 0.136 044 +0.41
Confidence level (%) Cut-off DEC
o =0.303
Q5 =0.384
o =0.576

DEC: difference eccentric-concentric
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Table 7. Sensitivity and specificity of the DEC at different confidence levels.

wrist extensors wrist flexors
Confidence Sensilivity  Specificily Sensitivity  Specificily
Cut-off Cut-off
level (%4) (%) (%a) (%) (%o}
G 0.303 7407 100 0.245 4.5 100
25 0.384 7143 100 0317 62.5 100
GG 0.576 5882 100 0486 57.1 100

DEC: difference eccentric-concentric
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Capitol 5.6

Avaluacio de I'activitat muscular i fatiga
en musculatura flexora dorsal del canell
durant contraccions isometriques

Evaluation of muscle activity and fati-
gue in extensor forearm muscles du-
rng isometric contractions

Conf Proc IEEE Eng Med Biol Soc. 2005;6:5824-5827

Evaluation of muscle activity and fatigue in extensor forearm mus-
cles during isometric contractions

M.A. Mananas, M. Rojas, F. Mandrile, J. Chaler

Conf Proc IEEE Eng Med Biol Soc. 2005;6:5824-5827

Objectiu

Les patologies musculo-esqueletiques de les extremitats superiors relacionades amb I'activitat
laboral poden ser relacionades amb fatigabilitat muscular dels musculs flexors dorsals de canell.
L’objectiu d’aquest treball va ser avaluar els nivells d’activitat, fatiga i interaccions entre els prin-
cipals musculs flexors dorsals del canell.

Per aquest objectiu es van registrar senyals electromiografics del primer radial (PR), el extensor
comu dels dits (ECD) i el cubital posterior (CP) mentre es realitzaven contraccions isomeétriques.
Es varen registrar la velocitat de conduccié (VC), el valor mitja rectificat de 'TEMG (VMR) i fre-
quencia. Les activitats realitzades van ser selectives i no selectives, contraccions voluntaries
maximes (CVM), a diversos percentatges de la maxima i finalment un test de fatiga al 50% de la
contraccio maxima voluntaria.
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Resultats principals

Els resultats van mostrar que era possible augmentar significativament la VMR del ECD i el CP
al realitzar contraccions selectives. En les tasques no selectives, el CP mostrava una disminucio
significativa de la VMR al revés que els altres musculs quan augmentava la intensitat de con-
traccio. L'activitat del PR era predominant en relacié als altres musculs a 80% de la CVM. Els
parametres espectrals i de VC van mostrar que tots els musculs presentaven fatiga durant una
contraccio sostinguda al 50% de la CVM.

Conclusio

La conclusi6 principal de I’estudi seria que s’indiqguen comportaments diversos en relacié a I’ac-
tivacio pel que fa al CP i el PR, de manera que, mentre el primer disminueix activitat, el segon
augmenta la intensitat de la contraccio. Aquesta troballa podria tenir implicacions pel que fa a la
patogénesi de patologies musculo-esquelétiques d’avantbrag.
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Evaluation of muscle activity and fatigue in extensor forearm muscles
during isometric contractions
M.A. Mafanas’, M. Rojas', F. Mandrile®, J. Chaler®
| DCrept. Automatic Control, Biom. Eng. Besearch Center (CREH), Technical University of Cataloma, UPC, Barcelona, Spain

: Diept. of Electronics, Laboratory for Neuromuscular System Engineering (LISiN), Politecnico di Torino, Toerino, Ialy
Rehabilitation Service, Loboratory of Biomechamics, Mutun Egara, Terrassa, Spain

Absiract—Work-related upper extremity disorders as epy-
condylitis and tendonitis are closely retated to localized musele
fatigue of extensor forearm muscles. The alm of this wark is to
evaluate levels of activity, fatigue and inferactions between the
main extensor muscles of the wrist. Surface EMG signals were
acguired from extensor carpl radialls (ECR), extensor dighto-
rum comunds (EDC) and extensor carpl ulmaris (ECLU) musches
during isometrie contractions using linear elecirode array
technique. Parameters such as musele fiber conduction velocity
(CV), EMG average reciifled valoe (ARY) and frequency pa-
rameters were estimated to study muscle aetlvity during selee-
tive contractions, doring a non specific task at different per-
centage of the maximum voluntary contractisn (MYC) bevel
and during a fatkipuing exercise at 50% MVYC. Hesulis show
that It s possible to emhance significantly ECR and ECU mus-
cle ARY during their selective activation. Moreover, in the non
gelective task, ECU muscle ARV significantly deereases with
respect o the other muscles with the increase of the MYC level
The activity of ECR muscle i a non specific task is predomi-
mant with respect to the other muscles at B0%MVC. EMG
spectral parameters and CV show fatkgue in all moscles doring
a sustained contraction at S0% MY C.

Keywords—Electromyography, forearm extensor moscles,
musculoskeletal disarders, fatigne plats.

I. INTRODUCTION

Work-related Upper Extremity Disorders (WRUEDs)
are conceived of a multl factorial syndrome caused by the
effects of excessive repetitive motions, sustained static pos-
tures, and muscular stiffness [1].

Workplace stress generates musculoskeletal disorders
and localized muscle fatigne [2][3]. Forearm pronation and
supination, and increased muscolar activity in the wrist ex-
tensors have been related to WRUEDs [5].

The aim of this study is the evaluation of level of activa-
tion and fatigability of three extensor muscles mamly in-
volved in these discases. They are the extensor carpi radialis
(ECR), the extensor carpi ulnaris (ECU) and the extensor
digitorum comunis {EDC).

This study is the first part of a research project among
three European research centres. Preliminary resulis were
obtained from forcanm muscles of healthy volunteers. A
comparisom hetween this control group and a population
with WRUEDs will be performed in the near future.

0-TB03-8740-6/05/520.00 ©2005 |IEEE.

1. METHODOLOGY

A. Subjects and fnstrumentation

Fourteen healthy male volunteer subjects {age, mean &
standard deviation: 30.2 £ 3.3 years; height: 176.4 £ 6.0 cm;
weight: 75.7+7 8 kg) participated in the experiment. No sub-
jects had known symptoms of neuromuoscular disorder.

Surface EMG signals were detected from each of the se-
lected forearm extensor muscles by means of a linear adhe-
sive armay {(LISIN — Spes Medica, ltaly, Pat. No.
GE2001 ADDROES) of eight Ag-ApC] electrodes with 5 mm
infer electrode distance (1IED). A non adhesive 16 electrode
array (silver bar electrode 1 mm thick, 5 mm long, [ED=35
mm, OT Bioclettronica, Italy) was used to determine the
proper clectrode array position for signal detection as de-
tailed below.

Twenty-four surface EMG signals were recorded with
two |G-channel amplifiers (ASEL6, LISiN-SEMA Elet-
tronica, Torino, Italy), bandpass filtered (-3 dB bandwidth
10450 Hz), sampled at a rate of 2048 Hz and stored on a
PC after 12-bit analog-to-digital conversion {Mational In-
strument NI-DAQ 6024E and NI-DAGQ Al-16E4 A/D cards).
Acquisitions were performed in single differential (5D
mode with a reference strip electrode placed around the
WrTist,

The subject’s forearm was placed in an isometric brace
(OT Bioelettronica, ltaly) in prone position, with the elbow
joint at an angle of $0°, This position was selected according
to [5] to maximize wrist extensor muscles activity., The
torque exerted during wrist extension was measured by
means of two torquemeters and recorded on a second PC.
Both the acquisition svstems were synchronized using an
external trigger.

B Array Placement

The direction of the fibres in the three wrist extensor
muscles was marked on the forearm according to anatomical
landmarks [5]. The non adhesive array was used to locate
the best position for signal detection. The array was moved
along the neference line in different positions on each mus-
cle and the subject was asked to perform short contractions
in order to locate the mnervation zone (1Z) and to find a

This stdy wus partially supported by grmts from CIOYT (TEC2004-
12274 TCM). ond Italian-Spanish Integrated Action (HI2003-01B6) from
Spain.
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portion of the muscle between 1Z and the tendon region in
which was possible to detect propagating potentials with
similar shape on different EMG channels. Selective contrac-
tions for each of the three extensor muscles were performed
to maximize the activity of each muscle and to identify the
best position for the array [6]. Position and orientation of the
electrode array were selected where it was possible to record
the most similar and largest single differential potentials
along muscle fiber direction [7] and the most similar double
differential (D) signals (highest correlation coetficient, p)
with conduction velecity estimates within physiological
values (considered in the range 2-8 m's). The best position
was marked on the skin and an eight electrode adhesive ar-
ray was placed after skin shaving and abrasion. Conductive
gel (20pl) was inserted under each electrode of the aray to
provide proper electrode-skin contact, using a gel dispenser
(Multipette Plus, Eppendorf, Germany).

MWUWAWAM
IJ‘\-»-——/\J\J—\}\/\W\J\/\M\M
2 v M AN

Cm 273 215 am 279
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Fig_1. Example of five $I3 EMAG signals reconded from ECL muscle
during loteral wrist rolation.

C.  Experimental profocel

Subject was asked to perform selective contractions tor
cach extensor muscle, with the forearm fixed in the isomet-
ric brace. In detail, ECR muscle was activated with exten-
sion and medial rotation of the wnist; EDC muscle was acti-
vated with extension of the wrist and of the first phalanges
of the fingers; ECU muscle was activated with lateral rota-
tion of the wrist [6]. In all cases EMG signals were detected
from the three extensor muscles during each selective con-
traction,

Then, a senies of non selective contractions, such as the
extension of the wrist with the fingers relaxed, were per-
formed. Maximum voluntary contraction (MYC) level was
selected among a series of three maximal contractions. Each
subject performed three voluntary isometric wrist extensions
at 20%, 50% and 30% MVC in a randomized order. The
duration of each contraction was 15 s with 3 minutes of rest-
ing period in between to avoid cumulative fatigne.

Finally, a fatiguing contraction was performed, at 50%
MY, up to subject exhaustion to assess the endurance time.

2of4

D Data processing

Information from amplitude of EMG signal was ob-
taimed by means of the average rectified value (ARV).

Median and mean frequencies (MDF and MNF, respec-
tively) of the power spectrum of the surface EMG signal
were selected as spectral descniptars,

Muscle fibre conduction velocity (CV) was estimated
nsing the MeGill algorithm [%].

All parameters were computed on signal epochs of 0.5
s and from the best iriplet of consecative 8D signal (selected
on the basis of the highest p related to physiological esti-
mates of CV) in each muscle and exercise, Statistics were
carried out by one sample and paired samples t-tests. Sig-
nificance level was set to the 5% value (p=<0.05)

I, REsULTS
A fsometvic non fatiguing contractions

Mean and standard deviation () of the parameter of in-
terest in the population were obtained. For each of the six
exercises (three selective contractions and three contractions
at different levels of MV C) and for each subject, ARV was
normalized with respect to the maximum of the values ob-
tained from the three muscles on the given exercise (Fig.2).
During selective contractions of ECR and ECU muscle, re-
spectively, ARV of the selectively activated muscle was
significantly greater with respect to all the others (p=10.01).
Conversely, EDC activity (ARV) during its selective con-
traction showed no difference with respect to ECRE ARY.
ECU muscle activity with respect to ECR and ECU activity
inormalised ARV significantly decreased with the increase
of the percentage of MVC (p=0L003 between 20 and B0%
MWC). Finally, ECR muscle showed greater values of ARV
at high levels of contraction (p=0.04 at 8% MVC).

Normalized AR

Salkclhm  Sslociive Saleciia 20 % 50 % %
ECH EQC ELU MV i WM
Fig. 2. ARV nosmalized with respect to the kighest value obinined
from ke three muscles in ench contructan. Symbaols
{0 &) corespand o ECR. EDC and ECU respectively:
M=14 suhjects, meanda

@ Utilitat de la dinamometria en la rehabilitacié de patologia musculoesqueletica en pacients laborals



B. Fuarigning contraction

The evolution of the EMG parameters, normalized with
respect to their indtial value, is called “fatigue plot”. Results
were caloulated as mean + & for all the subjects (Fig. 3)
from the fatigning task performed at 50% MYC level up to
exhavstion. Endurance time was defined as the tme mstant
from which the subject can no longer maintain the constant
MVC level selected with a tolerance of the 10% of that
lewel,

A linear regression was camed out from the evolution
of every parameter in each subject. The slope indicated its
linear trend during this exercise.

A decrement of CV, MDF and MNF was observed
{p=(Li03 in the slopes of all parameters in the three mus-
cles). Otherwise, a significant increment of EMG amplitude
was observed (p<(L0l in the ECR and p<0.03 in the ED(C
and ECU for ARV slope).

IV, DIsCuUssionN AND CONCLUSION

The activity of ECR and ECU muscles (ARY) can be
enhanced with respect to the other extensors during their
selective contractions,

During the non selective task, a significant decrease of
ECU muscle ARY with the increase of the MYC level, with
the increase of ECR muscle ARV at higher MVC levels,
should be interpreted as a particular paradigm of muscle
activity sharing, related to the extension task.

A decrement of CV and of MDF and MNF was ob-
served during the fatiguing exercise, indicating myoelectric
fatigue. Spectral changes are generally attributed to 8 pro-
pressive decrease in CV, which also contributes to an in-
crease in the amplitede of the surface EMG signal. A further
reason of such an increase could be related to the recrum-
ment of new motor unit [12]. Experimental swdies, how-
ever, consistently report that relative decreases observed in
bath the MNF and MIDF are substantially greater than simul-
taneous decreases measured for CV, Factors other than CV
thus affect the EMG power spectrum, such as motor unit
firing and recruitment patterns [11]. ARY showed a signifi-
cant increment of the EMG signal amplitude with fatigne.

Finally, this work shows that EMG signals acquired
with linear electrode arrays properly placed, can be used to
study the level of activity, the activity shaning and the fati-
gability of the forearm extensor muscles.
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Capitol 5.7

Activacio dels musculs flexors dorsals
de I"avantbrac en pacients afectes
d’epicondlilitis lateral

Activation of forearm muscles for wrist
extension in patients affected by lateral
epiconaylitis

Conf Proc IEEE Eng Med Biol Soc. 2007:4858-4861

Activation of forearm muscles for wrist extension in patients affec-
ted by lateral epicondylitis

M. Rojas, M.A. Mananas, B. Miiller, J. Chaler

Conf Proc IEEE Eng Med Biol Soc. 2007:4858-4861

Objectiu

Les lesions laborals d’extremitat superior son més per microtraumes repetitius que per trauma-
tismes aguts. Per tant la situacié muscular dels subjectes en relacio a la resposta als microtrau-
mes es important i podria estar relacionada amb la patologia. L’objectiu del present treball va ser
comparar la activacié muscular de musculatura de I’avantbrag¢ de subjectes sans i pacients amb
historia previa d’epicondilitis (no activa en el moment del test). Per aixo, es van recollir senyals
electromiografics del primer radial (PR), el extensor comu dels dits (ECD) i el cubital posterior
(CP) mentre es realitzaven contraccions isomeétriques. Es varen registrar la velocitat de conduc-
ci6é (VC), el valor mitja rectificat de 'TEMG (VMR) i frequéncia. Les activitats realitzades van ser
selectives i no selectives, contraccions voluntaries maximes (CVM), a diversos percentatges de
la maxima i finalment un test de fatiga al 50% de la contraccié maxima voluntaria.
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Resultats principals

Es va demostrar una major activacio del CP en detriment del PR en pacients amb historia d’epi-
condilitis en comparacié amb subjectes sans. Igualment els parametres de fatigabilitat dels pa-
cients eren superiors

Conclusio

Els resultats indiquen un desequilibri muscular en detriment del PR en pacients amb historia
d’epicondilitis al mateix temps que una més gran fatigabilitat. Aquestes troballes poden dirigir
programes de rehabilitacio i ajudar a detectar subjectes en risc alhora que monitoritzar els pro-
grames.
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Activation of Forearm Muscles for Wrist Extension in Patients
Affected by Lateral Epicondylitis

Monica Rojas, Miquel A. Mafianas, Member, IEEE, Bertram Miiller, and Joaquim Chaler

Abstraci—Work related upper extremity disorders are
associated with comulative trauma resulting from  the
continwouns wse of forearm muoscles rather than from a specific
incident. The aim of this work is to compare wrist extensor
muscles activation between patients with lateral epleondylitis
and healthy subjects. Differences can be used in the design of
rehabilitation or injory prevention programs sccording to
biomechanical deficits. Sworface EMG signals from three
forearm extensor muscles (Carpl Hadialis-ECR, Digitorum
Communis-EDC and Carpi Ulnaris-ECU} were recorded by
linear electrode arrays in wrist extension as well as during
selective comtractions. Average Rectified Valoes (ARY) were
caleulated in arder to identify the contribution of each muscle
ta different tasks. On the other hand, Muosele Fiber Conduction
Velocity, Mean and Median Freguencies and also ARY were
sindied io obiain fatigue indexes related to metabalie changes
in the muscles during a high force sostained contraction.
Results showed muscular imbalance with lower ECR activity
compensated by higher ECU activation, and higher fatbgue
indexes in patients with lateral eploondybis.

I, INTRODUCTION

oRK related Upper Extremity Disorders (WRUEDs)
are very common in occupational rehabilitation
medicing and affect populations from various economic
sectors,  especially  those related with manufacturing,
construction and mining. This term refers to  vanous
musculoskeletal disorders of joints, bones, ligaments, tendon
and muscles which result from the repeated use of the upper
extremity over time [1]. One of the most common 1s Lateral
Epicondylitis affecting the muscle- tendon units around
lateral epicondyle. Different extensor muscles originate in
this area: the Extensor Carpi Radialis Longus and Brevis
(ECR), the Extensor Carpi Ulnaris (ECU) and the Extensor
Digitorum Communis {EDC). The primary function of ECRE
and ECL is the extension and deviation of the wnst. The
EDC muscle also acts synergistically during these tasks
although its main function is the extension of the fingers.
The neuron-physiological condition of muscles can be
evaluated through multichannel Surface Electromyography

M. Rojas (monicarojasigupe.edu} and M. A, Mofaras are with the
Dept. Awviomatic Controd, Biom. Eng. Research Cemter (CREB), Technical
University af Cataloaia, UFC, Barcelona, Spain

B. Miller and ). Chaler are with the Rebabilitmbon Depantment,
Laboratory of Biomechanics, Egarsat, Terrassa, Spaimn.

This study was partially supported by grants from CICYT (TEC 2004d=
BXETHTCM), and Hokions Spanish Infegrated Acton (HEZ003 0086} from
Spain.
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(sEM), a noninvasive tool with benefits that have not vet
been thoronghly established in clinical practice [2]. The
acquisition of simultaneous signals at different points in
space allows the estimation of the temporal delay introduced
by the Muscle Fiber Conduction Velocity (CW). Changes in
CV are associated with myolectric fatigue and with
pathological conditions. Other parameters, such as those
related to signal amplitude and power spectral density can be
estimated as well from these signals given that the amplitude
and the spectral density depend on the number of active
modor units (MUY in the contraction [3].

This study focused on the analysis of muscular activation
of patients suffering lateral epicondylitis by comparison with
results from healthy subjects.

II. METHODOLOGY

A, Subjects

Ten healthy male subjects (age, mean + standard
deviation: 31.5 £ 5 years; height: 176.4 £ 6.15em; weight:
76.3 +5.48kg) and ten mon symptomatic subjects who had
suffered lateral epicondylitis (age: 33.3 + 4.6 years; height:
174.6 4+ 5.8em; weight: 76.92 £ 12.8kg) participated in the
experiment. Healthy subjects group did not reported history
of musculoskeletal and'or neuromuscular disorders, Patients
inclusion criteria were: history of lateral epicondylitis
treated with conservative therapy (surgery excluded) and
absence of relevant symptoms for at least 3 months prior to
the test. In all cases, lesion had been induced by the
repetitive use of forearm muscles related to physical effort
required by working activities.

B. Experimental Pratocol and fnstriumentation

Subjects were seated with the back stroight and the
forcarm from the dominant limb placed into an isometric
brace (OT Bioelettronica, Italy) in a proned position, and
with the elbow joint at an angle of 90°. In this position, the
subjects were asked to extend the wrist in vertical direction
parallel to the forearm line. In order to reduce any rotation
of the wrist, torque was measured at both sides of the hand
{Fig. 1) and the subjects were asked to maintain the same
level in both. Wrist extension requires the co-activation of
the forearm extensor muscles rather than the contraction of
an isolated one,
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Lincar arrays of 8 electrodes (Ag- AgCl) with inter-
electrode distance of 0.5 em were used (Fig. 1) (LISiN- Spes
Medica, ltaly, Pat. No. GEZ001AGO0E6).

Arrays were placed according to a previous study on the
muscles ECR, EDC and ECU [4]. The best location was
selected by inspection dunng the following selective
contractions [5]: radial deviation for enhancing the activity
of ECR muscle and finger extension and ulnar deviation for
enhancing  the actions of EDC and ECU respectively.
Propagation of Motor Unit Action Potentials (MUAP) and
small wave shape differences between subsequent signals
were used as criteria for the comect alignment of a linear
electrode armay parallel to muscle fibres. Before placement
of the amay, skin was shaved and cleaned with abrasive
paste. Mo statistical differences in the final location of the
electrodes between the two groups were found,

Fig. I. Bomeinc Brace used in the expeniment.

Surface EMG signals were recorded with two 16-
channel amplifiers (ASEL6, LISIN-SEMA  Eletironica,
Torino, ltaly), in single differential mode (5D}, bandpass
filtered (3-dB bandwidth 10-450 Hz), sampled at a rate of
2048 Hz and stored on a PC after 12-bit analog-to-digital
conversion {MNational Instrument NI-DAQ 6024E and NI-
DAG Al-16E4 A/D cards). Seven SD channels referred to
an electrode strip placed around the wrist were recorded in
cach of the muscles.

The selective contractions descnibed above were
performed at the beginning of the experiment.  Afierwards,
each subject was asked to achieve his Maximum Yoluntary
Contraction (MYC) in three inals during wrist extension.
The next part of the test consisted in submaximal
contractions at 20%, 50% and 80% MVC that were camed
out in a randomized order. Subjects were asked to maintain
the level of contraction for 15 seconds or up to exhawstion,
Every contraction was followed by a resting period of 3
minutes in order to avoid cumulative fatigoe.

C. Data Analysis

EMG variables were evalusted on double differential
signals { DD that were obiained offline, in order to enhance
the selectivity of the detection system and to reduce
crosstalk [6]. DD signals are the result of the spatial filtering
on the skin plane parallel to muscle fibers by subtracting two
adjacent S0 channels.

Amplitude of the EMG signal was estimated through
average rectified wvalue (ARY).  Median and mean

frequencies (MDF and MNF, respectively) were calculated
from the power spectrum of the signals. Muscle fiber
conduction velocity (V) was estimated using the spectral
matching algorithm proposed by Me.Gill et al [T].

All wanables were computed on 50% overlapping
segments of .58 (epochs) chosen from the most similar DD
pair {selected on the basis of the highest cross- correlation
cocfficient) where the CY estimate ranged on physiological
values. Varables were estimated in the first three seconds of
the signal to avoid effects of myoelectric fatigue.

Besides, fatigue plots were obtained by calculating the
variables for all the sustamed contraction at 808 MYC. DD
signals were inspected wvisually in order to detect the
presence of artefacts. Epochs containing artefacts were
remaved for the final estimation of variables [8].

Intragroup statistics were performed trough the Wilcoxon
Signed Rank test and statistics between groups were

performed through the Mann-Whitney U test. The
significance level was set to 0,05 (p=0.05).
IIl. RESuULTS
A, Muscle Co-activation
Voluntary cffort combines the individoal mascle

contrbutions in order to produce and maintain a given task.
Consequently, although the net force output may be
unchanged it is possible to find different muscle twitch
behaviors that vary according to effort level or exercise [3].
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The objective of this analysis is to observe which
muscle mainly supports the co-activation of the extensor
muscles under study, ARV was obtained and presented i
terms of mean and standard deviation i(std) in cach group.

Six exercises wene analyzed: radial, finger and ulnar
extension, and thres wrist extensions at submaximal level.
For every exercize, ARV of a given muscle was normalized
with respect to the sum of the ARV in the three muscles, that
is, the sum of the coninbutions of the individual muscle to
the task. Results for healthy subjects (Fig. 2a) were
previously reported in [9].

In the case of patients and for selective contractions,
normalized ARY (nARY) of the muscle whose activity was
enhanced was significantly greater than nARV in the other
ones (p=0.03 for ECR and p<0.004 for EDC and ECLUN (Fig.
2b). In the case of healthy subjects it happened only in radial
and ulnar extension but not in finger extension where the
ECR was also active.

The main contribution to the joint activation is carried out
by different muscles in different groups. Regarding the
patient group, the normalized ARY m the ECL) was greater
than that of the EDC at 20, 50 and 80% MVC (p=0.02) and
was also greater than that of the ECR at 20%MVC (p=0.05).
In healthy subjects normalized ARY of ECR was greater
than m EDC m all levels and greater than i ECU at 30%
MWYC. Additionally by comparison between groups, the
average contribution of ECR was greater for healthy
subjects than for patients (p<(L02). On the contrary the
average contribution of the ECL was greater in the case of
paticnis than in healthy subjects (p=<iL02).

B Myvoelectric Fatigue
Dwuring a sustained isometric contraction, changes of EMG

variables along time reflect physiological changes in the
muscle and in the CNS such as recruitment of MU, type of
active MU i(slow of fast twitch), firing rate, ete [10].

Plots of EMG variables normalized with respect to their
initial values as a function of time, called fatigue plots, are
presented a5 mean and std for all subjects in both groups
during the exercise of wrist extension at 8% MVC (Fig. 3).

Endurance time was defined as the tme mstant from
which the subject could no longer maintain the 80% MVC
level. The fatigue index for each variable was calculated as
the ahsolute value of the slope from the linear regression of
its trend in every subject.

A decrease of OV was observed during the fatiguing
exercise in all muscles and both groups (p=<iL02 for healthy
subjects and p=0L01 for patients). However, a decrease of
the MNF and the MDF wvariables and an increase of the
ARY were found in the group of patients but not in the
group of healthy subjects (p=0.04 in all vanahles).

When comparing fatigue indexes between groups, ARV
in ECR, ECU and EDC presented higher fatigue indexes for
patients than for healthy subjects (p=<(L02, p=0.01, p=0.03
respectively).

Decrease of CV during a sustained contraction is a clear
manifestation of myoelectnic fatigue. The slopes obtained in
CV without normalization were more negative in paticnts
than in healthy subjects for EDC (p=0.04) and especially for
ECR (p=0.01).

IV, DNSCUSSION AND COMCLUSION

Two biomechanical models hove been proposed for
lateral epicondylitis: one emphasizing the role of eccentric
exertions and the other emphasizing the contact pressure of
the radial head [11]. The present study shows new findings
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which could complete those models since several differences
between controls and patients in muscle activation pattern
have been identified.

Differences in wrist extensor muscle co-activation pattern
during selective actions and wrist extension (namely, less
ECR and higher ECL co-activation in patient group when
compared with control group) may indicate a muscle
imbalance underlying the lateral epicondyle overuse
condition. Muscle imbalances, shortenings and weaknesses
have heen identified as major biomechanical factors
underlying cumulative trauma injuries [12]. Continuous
training of forearm muscles due to repetitive tasks could
possibly lead to a higher level of specialization in patients
since they can selectively activate each of the muscles under
study but not in the case of healthy subjects.

Biomechanical deficits may both anse after an injury (in
which case should be treated in the latter phases of
rehabilitation) or precede the actual injury. In any case, the
identification of biomechanical deficits 1s crucial m order to
design  rchabilitation/injury  prevention programs. By
pointing the target muscles to be specifically trained, the
findings explained above might provide the clue to design
programs  for lateral epicondylitis rehabilitation andfor
prevention. Thus, a recommendation to specifically train the
ECR muscle, at least in isometric contractions, would be a
reasonable approach following the resolts of this study.

In regard to fatigue parameters, not surprisingly we found
significantly higher ARV fatigue indexes for all the muscles
in paticnis. That is, decreased muscle endurance might be
tightly related to the development of an injury in the lateral
epicondyle region. It is, to our best knowledge, the first time
that such a relationship has been found.

Differences in fatigue indexes might be related to a higher
recruitment of MU in the group of patients. Besides, higher
decreases in CV for EDC and especially ECR were found in
patients than in healthy subjects.

In conclusion, the results of the present study indicate
differentiated  activation  patterns  during  isometric
contractions of wrist extensor muscles between normal
subjects and those with history of lateral epicondylitis.
Morcowver, a significantly increased fatigability has been
found in patients. Those findings might be helpful
designing therapeutic approaches. On the other hand,
subjects at risk might be detected by the systematic
evaluation of workers exposed to repetitive tasks,

Further research will be done in order to check muscle
performance in dynamic (both concentric and eccentric)
contractions,

ACKNOWLEDGMENTS

The authors thank Roberto Meretts, PhD and LISiN from
Politecnico di Toring for the mstrumentation and valuahle
participation in the project; Dr. Carme Unya, Dr. Eduard
Puol and Dr. Roser CGarreta from the Rehabilitation
Department at Egarsat, Terrassa — Spain for  their
collaboration to the project and their medical advice.

FEFERENCES

[1] D Zakara, ). Robertson, 1. MacDermad, K. Hartford, and J.
Kaoval, "Warksrelated comulainve trauma disorders of the upper
extremity: navigating the epidemdologic literature,” Am J fnd
Med, vol. 42, no. 3, pp. 15869, Sep, 2002

[2] B Merletti, D). Farina, and M. Garzani, *The linear ebectrodie
array: & useful tool with many applications,” f Efectromyogr
Kinestol, vol. 13, nou 1, pp. 37=47, Feb, 2003.

[*¥] K. Merleti and P. Parker, Electromyegrapiy: Physialogy,
Engineering and Non-favasive Applicaiions. IEEE Press and
John Wiley Publishers, 200,

[4] Signorino M., Mandrile F. , and Rainoddi A., "Localzation of
Imnervation Zones in Forearm Extensor Muscles. A
Methodological Stody,” in X¥T Congress af the fmtermationa
Sactety af Elecrrophysiology and Kinesiology, ISEK

[5] Kendall F. F., Kendall McCreary E. , and Provance P.G.,
Mircles: Teeting and Funation,  Williams & Wilkins, 1993,

[6] I». Farina, L. Arendt-Mielsen, B. Merletti, B, Indina, and T.
Graven-Mieken, "Seledtivity of spatial filers for surface EMG
detection from the tibialis apderior muscle,” Bivmediom!
Engineering, IJEEE Tranvacitons on, vol. 50, nou 3, pp. 354-364,
M,

[Tl K. C.MoGill and L. I. Dorfman, "High-resolution alignment of
sampled waveforms.” [EEE Troas Bicwed Eng, vol. 31, ma. 6,
pp- #i2-8, Jun. 1984,

[#] L. A. Kallenberg, E. Schulte, C. Disselhorsi-Klhsg, and H. J.
Hermens, "Mycelectric manifestations. of fatigue at law
contracton levels im subjects with and withoart chromic pain,” F
Efecrramyagr Kinestel, Jun. 30046,

[#] M. A. Mananas, M. Rojas, F. Mandrile, and 1. Chaler,

"Evaluation of mascle activity and fatigue i extensor forearm

muscles during isometric costractions,” in Emgimeering in

Medicine and Bialegy Seciely, 2005, {EEE-EMEBS 2005 27tk

Anmuat fnrernational Conferewce af the, 2005, pp. 58145827,

C. ). De Loca, "Mycelectrical manifestations of |ocnlized

musoular fatigue in bamans,” Ci Rev Slowed Eog, vol. 11, no.

4, pp. 25179, 1984,

1. 8. Moore, "Biomechanical medels for the pathogenesis of

specific distal upper extremity discrders,” Aw J Ind Med, vol. 41,

na. 5, pp. 353469, May. 2002,

W. B. Kihler, T_ 1. Chandler, and B. K. Pace, "Principles of

rehabilitation afier chronic tendan injuries,” (i Sporis Mead,

vol 11, no 5, pp. &61-T1, Jul. 1992,

[

[

[rz]

4861

@ Utilitat de la dinamometria en la rehabilitacié de patologia musculoesqueletica en pacients laborals



Capitol 5.8

Estudi transversal comparant perfil de
forca muscular de musculatura flexora
dorsal | palmar de canell en pacients
amb epicondilitis | voluntaris sans

A cross-sectional study comparing
strength profile of dorsal and palmar
flexor muscles of the wrist in epicon-
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A cross-sectional study comparing strength profile of dorsal and
palmar flexor muscles of the wrist in epicondylitis and healthy men

C. Uny6, J. Chaler, M. Rojas, E. Pujol, B. Miiller, R. Garreta, M.A. Mananas

Eur J Phys Rehabil Med. 2012 Nov 9. [Epub ahead of print]

Objectiu

L’objectiu del present estudi va ser analitzar la relacié entre I'epicondilitis i la forca muscular di-
namica dels musculs de I'avantbrac aixi com la seva fatigabilitat dinamica.

Amb aquest objectiu es va fer un estudi comparant vuit antics pacients afectes d’epicondilitis
amb 8 voluntaris sans realitzant uns tests isocinetics de flexors dorsals i palmars de canell a di-
ferents velocitats i modalitats de contraccio (concentrica i excéntrica). Igualment es va realitzar
un test de fatiga. Es van analitzar el moment de forca mitja de flexors dorsals i palmars, els ratis
agonista i antagonista de les contraccions maximes i, finalment, les durades de les mesetes
inicials i finals, aixi com la caiguda de forca durant la prova de fatiga.
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Resultats principals

En ambdéds grups el moment de forca mitja produit pels flexors palmars era superior al produit
pels flexors dorsals. Els pacients mostraven uns registres de forgca de musculatura flexora supe-
rior als voluntaris sans mentre que els registres de flexors dorsals eren similars. Els ratis flexor
palmar/flexor dorsal eren significativament superiors pels pacients. Pel que fa a la fatiga els
resultats van mostrar que la forca muscular decreixia abans en pacients.

Conclusioé

Les troballes del present estudi van indicar un desequilibri muscular en aquests pacients. A més
els pacients es fatigaven abans. Per tant, podria ser que els desequilibris musculars i la fatiga-
bilitat estiguessin en la base de I'’epicondilitis. Aquesta informacio pot ser util en el disseny de
programes per la prevencioé o tractament de I'epicondilitis.

Cal més recerca per discernir si les presents troballes son una causa o una conseqléencia de
I’epicondilitis.
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A cross-sectional study comparing strength

profile of dorsal and pal

mar flexor muscles of

the wrist in epicondylitis and healthy men

C UNYO 1 ] CHALER * M. ROJAS- MARTINEZ 2, B PUJOL |, B MULLER !, R, GARRETA ©. M, A MARANAS &

Backgreund. Strength training has been proposed by
scveral authors to treat Lateral Epicondylitis. How-
ever, there is still a lack of information conoerning
muscle wealiness and s rl:lnl'ln-rlulﬂp to imbalances
and fatigabitity of forearm muscles durng dynamic
conditions in subjects after epicondylitis recovery.
Aim. To analyze the selationship berecen laveral ho-
meral epioomdylitis, and forearm muscle strength and
fatiprue.

Setting. Nehabilitation center
Population, Cross-scctional study in cight former ¢pi-
condylitis men free of symptoms and actively weork-
inge at the moment of the svaluation and «ight healthy
men volunteers.

Methods, Isoldnetic tests were performed at differ.
ent velocites in order o assess sitrength in concentric
imd eccentric comtractions. Additionally, a lomg-term
concentric test was cartied out in ordor to analywe
strength during endurance, The following variables
were analyred: Average torgque of demsal and palmar
flexors of the wrist and ratio of agonist/antagonist for
non-cndurance contractions; length of initial and fnal
platecaus and the slope of average torque decay during
the endurance test.

Kesulis. In both groups, sverage torgue produced by
palmur flexor muscles wos higher than that prodoced
by dossal flexor muscles. Paticnts showed higher
sirength in palmar flexor muscles, whereas dorsal
fMexor strength was similar for both populations. Pal-
mar flexor vs. dorsal flexor ratio was significantly
higher in paticns for coocmnc contractions. Regard-
ing fatigue, results showed that torgque decreased car-
hier in patients,

Comclusions and clinical rebabililation impaci. Baoth
palmar flexors force and palmar/dorsal atio in cocen-

Cormespoading avthor C. Unyd, Physical Medidne asd Reba
Inlitaison Department, Egursat-5UMA  of Garcls Homet 40, 08231
Teerrasss, Spain, E-mail; carme.umpoigmail com
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I Neparinient of Phystcal Medictne and Rebabiiitation
Laormg- STWA Terrasss, Aarceloma, Swdln
LHTcredica Resemrnod Naimrorking CeRime in

Minemgimering, Ricpmalersids and Naomodicing
CTARR-FARN, Ricmedical Rewsxirch Centre, CRER and
Depariment at Tacbeical Utversity of Catalonia, LI,
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tric exercise were significantly higher in patients. This
finding indicaibes o muscular imbalance in pabients
underlving the epicondylitis condition. Additionally,
former paticnts fatigued carlier, Findings indicate that
sl ocs and fatigability might be relatod 1o
lateral epicondylibs. This informatdon may be wseful
in the design and monitring of programs intended
for lateral epicondyhitis rebabdlimtion. More studies
are neccssary to conclude i these differcnces are
cause or consequence of the cpicondylitis,

Key worns: Teanis clbow - Muscle swength - Endurinee -
Muscle fatigue.

] gleral humeral epicondylitis (LHE) is & common
ditlon related to miermcraumas of wrist exoen-
sor muscles caused by sporls or ocoupational activi-
Hes Involving quick repetitive movements ol the wrist
and forearm, b 2 Such movements may wear the proxi-
mal arrachments of the muscles in the tendon area,
Lateral icomelylitis allects men and women
equally aﬂjmlt has been estimated that = anmaal
incidence 18 around 1-3%.3
Pathological indings in LHE often show a thick-
or and denser exrensor carpd radialia brevis tendon
with hypemvascularizacion, granulated tissue, edema,

FUROTEAR JOUMNAL OF PEIVSICAL AND REFA RN ITATION MENICINE 1
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and occasional tear™ Conspicucusly, histological
samples do not show tnflammation.” Acute cases
usually improve with rest, and-inflammatory drugs
or local comticosteroid ions while in chronic
cases it is important to follow an active reatment & %

According to a bemechanical model proposed by
Moore, 10 LHE Is ariginated by overoad of wrist ex-
tensor muscles, csisﬂa]}y during eccentric contrc-
thons. Muscle fatl might also play & role in this
conditicn 11 t:}nmequenﬂy. several authors have pio-
moted the use of strengthening exercises, cocentric
in particular, for treating LHE, 1313 In fact, there is evi-
dence that ecoeniric exendse induces changes in the
mechanical properties of the muscles, resulting in
an increase in tensile strength and muscle power, 16
17 Sirenpthening exerciee has been also recommend-
od o increase joint stability® Some 6 pivo studics
have indicated that eccentric exerdse changes the
length-tension relutionship of the exercised muscles,
by Increasing the number of sarcomers.® Tn clinical
practice, strengrhening exercises are prescribed at
the end of epicondylitis' rehabilitation therapy and
its usefulness has been raled as B % 3

Surprisingly, even when strengthening of wrist ex-
tensor muscles is a common approach in LHE tpear-
ment, lhere is still a lack of information conoems-
ing weakness, muscular imbalance and [atigability
of wrist extensor muscles during dynamic contrac.
tions. To our hest knowledge the relationship be-
tween musculur balance and epicondylitis has not
been assessed.

Thus, the purpose of this smdy was o evaluae
muscle strength and [atigability during concentric
and eecentre dynamic conlmolions in {omer epi-
condylitis paticnts. Resols were compared with a
group of healthy volutteers

Materials and methods

Seibfects

Sixlesn men were recruiled [or a cross-sectional
study with & padents clinically diagnosed and treated
for LHE in the past, free of symptoms and pain and
actively working [or at least 6 months by the time
of the experimental session (group 1) amd 8 healthy
valunteer subjects as a control group (group T,

Subjects In Group T suffered LHE related to their
occupationul activity for a period longer thun 2

2 FITROGEEAN JOEENAL OF TITYRICAL ART) RETTARILTTATION MEDACINE

WEIFT DORSAL AND [ALMAR FLEXCR MUSCLES

maonths, Oecupational fields were diverse including
carpentry, construction, car industry and gardening,
all of them demanding heavy work of the upper-
limb. In all cases, the dominant imb was involved.
These subjects were selected amaong those who had
been successfully created ar our rebabilitation fa-
cilides following 4 comprehensive reatment which
included rest, ice, nonsteroidal anti-inflammatary
drugs, local steroid injections (in 3 subjects) and/or
phvsical therapy (in 4 subjecs), None plaved upper-
limb related sports.

Subjects in the control did not reported
history of neuromuscular mn o pain of the
upper-limb. All of thém were members of the uni-
versity staff and students exposed to long periods
of computer work and did not practice upper-limb
relarcd sporms

All subjects in both groups were men, right-hand-
ed and with similar age I::u]bmlymmmdﬂm
order 1o hive 4 matched design. In addition, maxi-
mal grip srrength was measuned in order 1o analyze
differences bermeen groups. regarding upper-limb
funcionality. This measure i commonly used as an
index of the functiomal integrity of the upper ex-
tremity. 2 No statistical differences were found be-
tween groups | and 11 in none of the indexes de-
scribed as arcilyzed from o Kruskal-Wallis test with a
significance level ser o P<0.05 (Table 1),

All subjeces provided wrimen informed cansent
previous 1o the ex =l protocol which was
approved by the local ethics commitiee,

Expertmental protocol

Daorsul [lexors muscles (DEM) und palmar [lexor
muscles (PIM) strenglh was assessed by means
of an isokineric device (Rindex Svatcm T, Bliodex
Medical Systems, Shirley, NY, T154),

The procedure described by Fonhomme ef @l
was applicd: Subjects were scaled in the wsting
chair with the forearm supported and in full prona-
tion and the elbow flexed ar abour 607, The joinc
axis of the weist was alipned with the rolalional axis
of the dynamometer. The runge of mouon was 70
(30 in dorsal Alexdon and 407 in palmar Aexion from
the neurral posidon of the wrist) (Figure 1), Weighe
of the hand was measured and subtracted at the
start of the experimental session for gravity correc-
tlon of measurements,

Concentric and eccentric isokinelc conlmactions

Yl 48 - 2002
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WRIST DORSAL AND PALMAR FLENCER MUSCLES
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for dorsal flexion followed by palmar flexion were
medsured. Concentrie ests were evaluated al 30%s
and 90°/s and eocceniric test was evaluated at 60°/'s.
Five repetitions were Pcr'f'nrml:d for cach st after
muscle wann-up which consisted of three prelim-
fnary repetitions al the tamget velocity, Tests were
Pc::l'umed in ranclom order [or avoiding bissing ef-

cts. Finally, an endurance test for concentric con-
ractions was conducted at 6075 In dorsal Aexlon
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until exhaustion. Fatigue of PEM was avoided by
setting a much higher velocity {180%s) durlng wrist
flexion. In all cases, measurements were performed
in the dominant side (which also coincided with the
affected side as explained before),

Torgue, velocily and position were measured over
the entire range of motion and their comrespond-
ent output signals were simulanecously sampled and
digitalized for ollline anulysis by means of un exter-
nal device desipned (o the z;lur_h.r

Pate ij:ctc

For dam analysis, only mrque signal segments
comesponding le values of velocity higher than WEG
of the arpget velecity were considered. The [ollow-
ing varlables werne caleulated for DFM and PPM:

—-mverige tarcque CAT in Nom): AT was caloulated
by obtaining the mean value of the worque signal lor
eveTy nepetilion;

— rario of palmar o dormal flexor muascle strengeh
(PDR=DFM AT/TFM AT): it was calculaced by divid-
ing averige torgue produced by PFM over that pro-
dueed by DEM [or each test velecdly and conlraciion
maodality (concentric and socentric);

— muscle fatigue was assessed by analyzing aver-
age torque a5 function of repetidions, Thiee phases
could be identified in both groups (Figure 2% an ind-
tial plateay lfollowed by a negative slope (ie, decay
of AT) and a final platean where AT remained alimosc
conamnt, The curve of AT va. reperiions was abtalned
fur each participant and parameterzed as [ollows:

a. wolal number of repelilions (TNel) pedonmed
in the test, up 1 exhauston;

b, number of repetitions before reaching the final
platesu (lotal duration, TD). Note that this variable
does not necessarly correspond to the total number
ol performed repetilions which also neludes e -
nal platcau;

¢. number of repetitions at the initial plateau

FURCTEAN BOTRNAL OF PITYSICAL AN WEITARNITATION MEMICTE y
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whese AT was higher than 90% of the initial wrque
value and the percentage af such repetitions relative
1o TD:

d. number of repetilions at the [inal platesu and
its relative value with respect 1o TD, where AT re-
mained around 10% of i final value;

e mean value of Al durng initial plateau (AL
angd mean value of AT during final plateas (AT:

[ normalized decay of Al The AT curve wes net-
malized with respect i AT, and with respect o TD
{y and x axes respectively). The decay was cilou-
lated as the slope of the linear regression between
lhe end and the bepinning of the initial ‘and fnal
plateaus respectively (Figure 2k

Dilferenees  betwesn  proups . wers  analgyed
through the non-parametric Kruskal-Wallis-test and
the level of significance was set to 0.05

In addition, the effect size satistics was calculated
in the test from the ¥? valoe as in Maruscuilo LA

o &
=
where N s the taml number of cases.

This effect ! was caleulated o add more informa-
thon 1o the inferential p-vahwe statstics which was
alses olMalrnesd 23 The value W@ provided a messure
of the magnitude of the effect wking inle account
the sample size used in the present study. A small
effoct size war congldered for nEs0.04, and modorane

Tn order 1o satsfv the assumprion of Keuskal- Wal -
lis tests; homoscedasticity of the data was verificd by
appl‘flnﬁ 4 non- parametric Levene's lest using the
method ‘ol ranks, This west was selected because it
has shown higher statisteal power when compared
1o other methods comimonly wsed o assess homo-
gencity of vadance in the data. Finally, equality of
variance was mel in all cases,

Results

As expected, AT developed by PFM was much
higher than that by DIM [or all conceniric snd ec-
centrie tests gl dilferent velocides in both groups,
Results are presented in Table 11

PFM AT was significanty higher in the eplcondyli-
tis group (group 1) than in the control group (group
113 (P,00% in all cases), As for DIM, there were oo
sigmificant diflerences between groups in AT,

PDR was significantly higher in group | than in
group 1T for the eccentric tesc Altheugh significant
differences between groups for PDR could be also
inferred from the Kruskal -Wallis test in the eoncen-
tric excrcise al low welociy (3075), Lhe level of sig-
ntficance wis nol strong enoupgh w]:u:n 4 Bonlerroni

c}l‘unmcm for muliiple 1esls was licd. Mo sig-
theance was obrained for this 'mﬂ sle in the con-
centric exercise at high velacity (907%/&), Thus, a ren-

and strong effects were oo red for 020,25 and  dency of lower p-values can be inferred assoctated
130,65, respectively. S wilh incresses in the demand of [orce according e
1 FUROFEAN JOURMAL (F TITYSICAL ANT) RETARILITATION MEDICINE Val 48 - 2012
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3. the duration of platean (in absolute and
relative values) was lower for Growp 1 (epicondylitis
patients) than for healthy subjecs (Group 115

4. final plateaw was shorter for healthy subjects
than for patients, who were able o continue the
test maintaining an almost constant torque up the
end. These differences were statistically significant
for both, the absalate and the relative duradon of
this plateau;

5. mo stalistical diflerences between groups were
lound on the absolute AT, or AT; i e the meun tomue
produced by DFM at the initial and final plateaus,

6. the slope was significanily diflerent between
groups showing dilferences in e [@tipue patiern.
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(M) v Palsnar Sy
at diffirent pelpcitias. Respll ans a5 meeln ad disiianio ) for 8 subveces (N =8) tn aach Eoraskel- Weniti
st starissical fevel (P) gffect size (n?) for dhe s s graese i abie preentad, As taria mm«mﬁm
three eercises, o Bonferrond cormecrion mm sunﬁmmm Lrifferemces denoren grows ane marked * wben sbey
were sigrificare starisica Ty ainer shese adismenes for meadniie ening.
Group | (N.=8) Cevup 11N =l P 7
DFM AT (M.m) Copy S0°F 5 6,53 (2.33) 4.75 (1A 016 a7
Con MFfs NERE Y] .06 (2,153 a1 L
Erc 6P/ 447 (A7 1646 (2650 .25 007
FFM AT (N.m) Can 9 1836 (E09) 1288 (330 DO 5
Con Ar/s 1886 (1.91) 13.07 (L6 D00 0754
Erc s 1700 (23 17,63 (3.060) Coine Ly
PR CAtritrany unis) Con S 231 (150 2,88 (1,32) s oo
Con 30F%s 336 (1.0 132 (063 05 020
Eoe 60rs 319 (1.09) 185 (0763 LR i 040
* Desyoies stipleics] ilgnificance ifies Bonlerond copecions, ¥ Denotes modeme effen sie wid ¢ deinst seong efen se.
the exercise from concentric at high and then low S et ]
velocities until eccentric. Figure 3, shows a differen- 2 Ve
tiated pamern for subjects in Groups T and 1T (n the 4.5 ' A
most demanding exercises: concentrc best al 3055 L
and, espedally, ecoentric test al 60%'s, Finally, no dil- S 4
lerenves were [ound [or the concentre lest at high o o
velocity (905} (Table 11, i E X
Regarding the endurance test, Figure 2 thows 3
changes of nomalized AT curve for both. groups. s A
Results are presenced in Table T and discussed as 25 -
foalborors: A A ®
1. no significant differences berween groups were E g st @
found in the total number of repetitions perfommed s G
in the endurance test (TNoR); 1.5 roup |
2. TD was similar for all paticipants, 7.e, thae il * Groupll
“ﬂemﬂpﬂcumdlﬂnwnresmmenumbﬂu{ 11 E 3 4
repetitions before rea the final platcau; PORE c 80 %s

Flgure 3 PR AT 2 Boceniric Everciss (874]) vs POR AT ot Con-
contrie Exercie (X751 Sot thar hath wariabios shoor higher wahuas

indicate that foreanm
muscle strength and fatdgability profile are alered
in former epicondylitis patients when compared o
ape, gender and weight matched healthy volunteers.
present sample, [orearm muscle mbalanee
(Lo, a significantly higher PDR) and significamtly
dilferent [atigability patern (e, shorter initial pla-
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tesu, slower decrease and lonpger final plateau) was
found in former epicondylitis patients,

Regarding forearm muscle strength, we foand char
AT decrcased with increasing isokinetic velocicy for
both proups, as has been previously desoribed 2 In
our study, the strongest isokinelic exercise was per-
formed In eccentrie modalite ar 60775

PFM AT vahacs were significantty higher thapthose
of DIM in all tests performed at dilferent speed for
both groups. ‘This fact is coherent with resols de-
scribed by Forthomme of al. 8 7 wha had obtained
PDR berween 2.02 and 2.55 for healthy men,

Patients did not show significantly lower strength
for wrist DFM. In the present study, AT developed
by DFM was similar in patients.and control groups
during concentrle and eccentric exprelses, On. the
other hand, a significant higher strength for wrist
PFM was lound in fommer paticnts. These resulls dif-
fer from those obtained by Alizadehkhaivar ef af 2.2
who compared wrist strength and musele balance in
epicondylitis patients and healthy subjects, although
in that case Al was measured only dunng iscmetric
contractions. Alizadehkhaivat er al. showed that PRM
AT was 25% stronger than DFMAT in bath groups as
in our case bul both DM and PPM strength in pu-
tients was 30% weaker when compared 1o the con-
trol group.

According 1o our resuls, as derived from absohae
values of PFM AT anmd mp:ﬂaﬂr from PDR ratio,
which is relative to DM AT and does not depend on
individual differences on acual measuremenis of AT
in N.m, PFM AT was higher in former patients than in

6 FURCEEAN JOEEAL OF FITYRICAL ART RETARICTTNTION MEDACIKE

healthy subjects. Significant differences were found
for PDR when evaluating the exercise with the most
deman condition: eceentric test at 6078, This
finding indicates a pessible muscle imbalance be-
ween wrisl DFM and PPM Towever, no signilicant
dilferences wene [ound [or PDR in concentric tests,
Following rhese findings, we might conclude thar
imenaive rsks usually carried our during work may
be contdbuling (0 muscular imbalances in [ormer
patients ard thal this imbalances can be observed
cven after rehabilication therapy and incorporation
o work (that is, even when sympmoms disappear).
In fact, epicondylilis is a pathological condition that
allects DFM and may cause weakness in this muscle
group or relative lower srength with respect o the
strrengeh developed by PPM. Additianally, the pos-
sibility of muscle imbalances prior w0 the onset of
symploms cannot be discarded in such patients. In
any casc, DFM relative weakness conld play a key
ole in the pathophysiology of epicondylids. Tn this
sense, muscle imbalances have been identified as
biomechanical predisposing deficits in @ number of
conditdons such as hamsiring 3. % rotamor cuff ® and
low back injuries 3 Regarding epicondylitis, forearm
muscle lmbalance has been previously analyeed
in narmal subjects compared to epleondylitis pa-
tlents, as carller mentloned. ® No muscular fmbal-
ances were ideniified in that stody. However, resulls
obtained by Allsadehkhaiyal & @l cannol be com-
pared straight forward with ours because in their
case, measurements were performed during  iso-
metre contractions and in non- recoversd palients
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urlike the present study where isokinetic exercises
were analyzed, A recent study by the same author ¥
compared three female proups: former epioondyli-
tis, active cpicondylitis and healthy volunteens, It
confirmed ometric DFM and PFM weskness in
present and former patients observed in the previ-
ous study.® Another study by Friedman % found chat
women clinically diagnosed of lateral epicondylitis
had significant lower peak ues in wrist muscles
when compared with control subjects. They also
obtained differences between both arms in women
with epicondylitis. The greatest significant differ-
ence wag found in wrist DFM wnque. In fact, mean
wrist DFM sirength in the involved arm was 30%
lower than that of the uninvolved arm.

To our best knowledpe, results indicating muscle
timbalance instead of just muscle weakness in for
mer epicondylitis padents had not been previously
reported, ‘Thus, Ondings of our sludy would depict
more biomechanical deficits than weakness related
o pain. Tn our opinion, they provide impomant in-
formation for rehabilitation or prevention of LHE.

arding Lidpue lests, inital AT showed no sip-
nilicanl dilferences between groups. However, at the
initial phase of the endurance test, and possibly as-
sociated with the previons eonchasion abour pelative
weakness of DFM, patients maintained significantly
less repetilions in the iuilmlﬁ!:latenu than "healthy
subjects, This was the main difference we found and
may indicate a quick fatigne response of these mus-
cles with respect W control group. Final A1 did not
show significant differences amang groups eicher.
Additionally, AT started decaying later with a steeper
slope for healihy subjects than R former palients.
Finally, patients presented a conspicuous longer -
nal platean showing an almost constant low torque.
Fatigue findings may indicate baoth, lower nitial
muscle resistance in patients (i e, smaller inidal pla-
tegu due to an'eardy decay of foree prodution), and
higher muscle resistance to long-term foree produc-
tion (Le., longer final plateau). Oecupational activicy
and its training effects in patients may explain the
last finding, On the other hand, prior to the analysis
of sokinedc cxercises, the [sometric grip scrength
and the anthropometrie measures were companed
and no significant diferences wene [ound between
groups. In any case, fatjp;ul:l'lil? E.ndlngs- may d:pil:l
a differentinted and funconally relevant response
of forearm muscles’ dynamic fatigue (e, lower ini-
Lial musele resistance) in fommer Iitens] epicondylitis

Wl 48 - 2092

]
atients. To our know , such Andings have not
en previously described, Therefore, we think thac

aour resulls reganding the different behavior of DM
during endurance test would be useful in clinical
applications, espedally in planning endurance train-
ing for epicondylitis padents.

Several authors have supported eccentric training
for chronic tendinitis patients in order to increase
tensile strength of the tendons by remodeling its ar-
chitecture. ¥ They thought that the 1endon had w be
prepared with a specific strength training program
o avoid breakdown in it In v If the tasks re-
quested 1 most of cheacnvities 't daily living in-
volve lengthening of the muscletendon units, they
must be trained in an cocentric manner. 7% In this
sense, several studies had shown better resuls with
an ecoentric program in chronic LHE than with other
types of eatmenc 1 9 Findinga of the present study
indicating relitve weakness of DM with respect
o PEM of the wrist could explain the good results
obtained by cecentric programs focused on selec-
tive screngthening of the DFM in the pasc. Isokineric
exercised Have been commonly used in the past [or
the evaluation and rehabilitation of lateral epicondy-
lcle 23 27, 41 Pieriiiniki of al 1l found chat the exerted
torque oorrelated well with the disability of the fore-
arm in patients with LHE Additionally, Forthomme
& o/ # fpund a strong relinbility of lomue measure-
menes during sokinetic exercises and a satlsfactory
effect associated to the use of such exercises for the
treatment of chronic LHE® % 3 For these reasons
this Kind of exercises was evaluated in dilferent me-
dalitics in our smdy, showing a different profile for
subjects after recovery of LHE,

Besides, resulls may also define an assessment
framework to monitor and evalvate patents dur-
ing and after rehabilitation programa in order mw
reach balance berween muscle strength of agonists
and anagonisis, This conclusion is supported by
results reported by Sahin ef @l 4! in the assessment
of ankylesing spondylitis where it was concluded
that muscle weakness and fatigue should be moni-
lored with isokinetic exercises similar Lo those used
in our smdy. Variables relared o muascular imbal-
ance hetween DFM and PFM are mare appropri-
ale than absolule DIM strength in onder Lo ussess
the recovery of patients with LHE during isokinetic
cxercises. In endurance tests, more impormnt than
their duration or number of repetidons is the time
1o maintain the initial A1 before decavings, 1t iy pos-

FIRCTEAN FOURNAL COF PITYSICAL ANT WEIHARWITATION METICTE F 3

@ Utilitat de la dinamometria en la rehabilitacié de patologia musculoesqueletica en pacients laborals



maans whien may sllow aooams 0 e irioe. The use of all or any pan of T Aroe oc ey Commercial Uss = ot permited. Tro oremon of deckaive works irom ihe: Articls is not parmised. The production of reprings ior pessonal or commencisl wee
not paerriitnd |8 s not paemined (o mmoes, cowar, Cemiay, obscoes. biock, of charnge any copyrignt foticas of teems of uss which the Fubisrer ey post o5 ha Ak i s no peemitied & fama of esa roming Schriques D snoless any tademark, oo

el sporndcaly oF symissalicn by, Sihes pirsd of seclionics o fie Adicls b S porpose. 1 (8 A5l parmmed io diskiuls the Sectors ooy of T8 aioe M gh onliie st srdion e e shasng syeElme, slsctionc maillng o aimy other
of aifver peops @y nkarmaton of Fe Pubdsbe

LNV

sible 1 conclude that healthy men have a differ-
ent isokinetic sirength profile than men who have
suffered an epicondylitis process; however, further
studies would be desirable to confirm these results
in rehabilitated patients and the usefulness of the
evaluation protocol in rehabilitation prescription.
More studies will be also needed to evaluate if the
differences reported in this work are a cause ora
consequence of LHE,

It i imporant 1o note that most of the varjables
obtained in this study were cither normalized or
relative to other vardables in order to avoid possible
bias induced by interindividual differences. Signifi-
cant differences were found between the two groups
when analyzing PDR (PFM/DFM matio), which can
be reparded as relative i between PFM and
DFM. This variahle & noc su o interindividual
differences since it was caleulated for each subject
independently and does nol depend on the absolule
magnitude of the exerted tomue, Additionally, vari-
ables related to endurance test were also normalized
and were not dependent on the actaal magnitude of
exerted longue or on the duraiion of the test in the
number of repetitions. Finally, although diferences
due 10 PFM AT were calculated from absolute mag-
nitude values of these variahles Cin N.am), the ‘o=
tained significance level was very high (P<0,003 in
all cases), allowing the peneralizmtion of the results,
Moreover, PIXR confirmed such findings,

A possible limistion of the present siudy is re-
lated o the sample size. For this reason, itis nec-
esaary o extent the results with more sibjects in
further studies in order to confiom that the selected
groups are representative enough lor the populs-
tions under study and also 1w conflirm the present
findings, However, differences obtained between
groups were statistically significant, the effect size
statistics which depends on the sample siee was tak-
1 mluatummd_l.mu 5 sives wene even Lanner
than those employed in other studies also relared to
upper-extremity rehabilitation @ For these reasons,
we can conclude that these results can be consid-
ered relevant and of interest

Conclusions

In conclusion, findings of the present sudy indi-
cating DFM/PFM imbalance and a higher farigahil-
ity of DI'M in [ormer epicondylitie patients may be

H FIRCEEAN JOURMAL OF TITYSICAL AND RETARICITATION MEDICINE

WRIST DORSAL AND PATSMAR FLEXOR MUSCLES

of great usefulness in the design and monioring of
programs intended for LHE rehabilimation,
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Capitol 5.9

Avaluacio de la fiabilitat test-retest
d’un protocol de fatiga isocinetic de
genoll. Estudi multicentric

Knee isokinetic test-retest: A multicen-
tre knee isokinetic test-retest study of
a fatigue protocol

Eur J Phys Rehabil Med. 2010;46(1):81-88.

Knee isokinetic test-retest: A multicentre knee isokinetic test-retest
study of a fatigue protocol

Saenz A, Avellanet M, Hijos E, Chaler J, Garreta R, Pujol E, Sandoval B, Buen C, Farreny A

Eur J Phys Rehabil Med. 2010;46(1):81-88

Objectiu

L'objectiu del present estudi va ser establir la fiabilitat test-retest d’un protocol d’avaluacio de la
fatiga de flexo-extensors de genoll durant un esforg isocinetic realitzat amb dinamometre biodex
System 3. Amb aquest objectiu es va endegar un estudi multicéntric amb el reclutament de 90
dones voluntaries sanes entre 20 i 40 anys d’edat. Totes varen dur a terme un test isocinétic
consistent en 40 repeticions de flexo-extensié de genoll a 120°s™. Per tal d’avaluar la fiabilitat es
varen dur a terme 2 tests amb una diferéncia de 7 dies. Les variables que es van analitzar varen
ser: treball total fins repeticié maxima (J), el nombre de repeticions fins esfor¢ maxim (n°), el rati
treball/pes (J-Kg™), el treball total (J), el treball durant el primer i darrer ter¢ del protocol (J), el
rati de fatiga (W 1r terg/W 3r Terg) i la fatiga del treball (% de treball realitzat per assolir el 50%
del treball). Es varen calcular les mitjanes, medianes i els “box-plots”. També el coeficients de
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correlacié intraclasse (CIC) (interval de confianca 95%), t-test i analisi de la variancia d’una via
(ANOVA). La diferencia de mitjanes (di), I'’error estandard de la mesura (EEM) i el 95% de l'interval
de confianga (ICdi) també es va calcular.

Resultats principals

Les dades de fiabilitat foren excel-lents (CIC>0,75) pel treball total (0,85), treball durant el primer
terc (0,80) i el darrer terc (0,80) en extensié i pel treball total en flexio. Per la resta de variables les
dades de fiabilitat varen ser entre correctes i bones (ICC 0,4-0,75). La mediana va variar menys
d’un 20% en tots els casos durant el test-retest.
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Knee isokinetic test-retest: a multicentre
knee isokinetic test-retest study of a fatigue protocol

A SAENZ ! M AVELLANET!, E. HUOS !, I. CHALFR 2 3, RGARRETA L ¥, E PUMILL, B. SANDO VALY, C. BUEN*, A. FARRENY 4

Afm. The aim of this study was 1o establish the test-retest
reliability of a knee extensor and flexor muscle fatgue
protocol using a biodex system 3 isokinetic dynamome-
ter.

Methods. Theee-outpatient Rehabilitadon Departments
undertook the study. Fadgue was evaluated in the dom-
inant knee of 90 healthy female volunteers, non-sporis-
women, aged between 20 and 40. They petformed 40
consecutive concenitic knee Nexions and extensions, at
120° /s, on a Biodex 3 isokinetic dynamometer. Two eval-
vations were done over a period of seven days. Analysed
varlables were: maximal repetitlon of total work, max-
imal work repetion number, work to body weight ratio,
total work, work during first and lase third of the pro-
tocol, fatigue ratio, work fatigue. Statistical analysis
determined mean values, medianz and box-plots.
Intraclass Corfelation Coefficients (ICC) {confidence
interval 95 %), t-test and one-way analysis of variance
(ANOVA) evaluated reliability. Difference of means (d;],
standard error of measurement (SEM) and 95% of inter-
val confidence {IC d ) were also calculated (P<0.05).
Recults. All participants completed the study. Reliability
data were excellent (1CC=0.75) for total work (0.85),
work during first third (0.80) and last third (0.80) in
extengion, and for total work in Mexion. Reliability data
were fair to good (ICC0.4-0.75) for the rest of the vari-
ables. Median varied less than 20% in all cases during
test-retest

Conclusion. This knee fatigue prowocol is reliable for
fexion and extension; above all when osing the wial
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work as a variable. The desirability of multicen tre studies
in rehabilitation and standardisation of protocols is
emphasized.

EEY WORDS: Exercise test - Fatigue - Muscle strength -
Knce.

he evolution of the isokinetic dynamometer has

produced a considerable amount of important
information useful both to clinics and investigators.
The literature covers the rehabilitation of different
injuries as well as the functional capacity of different
muscle groups.!

Lsokinetic fatigue and endurance are different and
complex concepts which are often confused. This is
because of the different criteria applied to standardi-
e them, and also to define them. In isokinetic dyna-
mometry, fatigue is considered as the relative decre-
ase of work during a series of repeated contractions
of a muscle group. After this phase, when the repeti-
tions continue but the work is stable, we talk of endu-
rance.! Therefore, when examining an isokinetic
praph, fatigue sets in at the moment that output decre-

EUROPEAN MMUENAL OF PHYSHCAL AND REH ARILITATION MEDICINE LA |
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ases and endurance is the maintained activity, mea-
sured by total work achieved during the last phase of
the repetitions. One has to bear in mind that all the
repetitions are performed at the same speed 2

Different protocols for fatigue and endurance have
been described with different dynamometers and dif-
ferent muscle groups. Despite this, no clear standard
protocol has been established allowing the extrapo-
lation of data.!. 2 No protocols relating to the knee joint
have been defined for the dynamometer Biodex 3,
and in consequence there is no standard data since
there are no standard data against which to compare
data from patients with varied pathologies affecting
similar muscle groups. In addition, there are no mul-
ticentric stodies supporting published protocols
against which to compare results from dynamometer
Biodex 3.

This study proposes, therefore, to establish the reli-
ability and test-retest of a protocol for knee fatigue in
a multicentric study, with the secondary objective of
standardising protocol and normative data.

Materials and methods

Ceiitres

Three rehabilitation departments collaborated. Bach
gervice possesses a Biodex 3 isokinetic dynamometer
{all with the same software, Spanish version 3.34).
Two observers operated in each centre.

Participun is

Ninety healthy women (N.=00) aged between 20
and 40 years (29.5%9+497) with a body-mass index
(BMID) of 21.74+2 97 were included. The criteria for
inclusion were no history of previous musculoskele-
tal injuries to the knees, healthy volunteers but no
professional spons-people. All the volunteers signed
a consent form before doing the test.

Ixolinetic ress

Every week the calibration was validated following
manufacturer’s recommendations ? Before doing the
test, a 10 minute warm-up with a cygloergometer was
performed, plus stretches of both caltand thigh muscles.
The positioning was as follows. The chair back was
tilked back at 85°; straps were crossed over the trunk,
pelvis, and the dominant thigh; the dynamometer axis

=52 EURDPEAN IOURNAL OF PHYSICAL AND REHABILITATION MEDICINE
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of rotation was aligned to the external femoral condyle
of the knee; the longitudinal adjustment of the pad was
2 centimetres above the upper edge of the peroneal
mallealus; the global range of movement was set at
9P, with from 107 to 100° of flexion. Gravity was cor-
rected in each test. In order to familiarise the subjet,
before starting the test, iwo series of five repetitions
were done at the same speed as during the protocol. The
cushioning of the equipment towards the end of the
movement was set at one, that is to say, low or hard.

Protocol

Thirty subjects completed the protocol in each cen-
tre {N.=30, N.=90), consisting in 40 consecutive rep-
etitions of concentric/ concentric flexion and extension
of the knee at 120°/s. Oral feedback was given in
order to maintain a consistent level. Two sessions
were performed with a gap of seven days, with the
same observer, at the same time, on the same day of
the week.

Variables

The varnables taken into account were those defined
by the isokinetic software, and in addition a fatigue
index was calculated.'-2 They included:

— maximal repetition of total work (JToules): cal-
culates the work required to reach maximum repeti-
tions;

— maximal work repetition number (number):
quantifies the number of repetitions required to reach
maximum effort;

— work to bedy weight ratio (%) the amount of
work generated during the entire test divided by body
weight;

— total work (Joules): quantifies the work done
throughout the repetitions;

— work during the first third of the protocol
{Joules): gquantifies the work at the beginning of the
test (40 repetitions/3: first 13 repetitions);

— work during the last third of the protocol (Joules):
this is the work at the end of the protocol (the last 13
repetitions);

— fatigue ratio: this is the relationship between the
work in the first third of the test and the work in the
last third. In other publications, the fatigue index is also
called the resistance ratio;

— work fatigue (%): the amount of work done to
reach 50% of maximum work.

Muarch 210
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EMNEE ISCEINETH. TEST-RETEST

Tasle 1.— Sraristics for extension .

Tanae [l — Staristics for fleion .

Ml nn Median Stundard devintion Mean e dilinm Standard devision
Wrephax 1 9930 09 0 18,34 Wirephdax 1 50,78 4945 12.90
Wrep Max 2 ki 44 L4110 24 000 Wrephax 2 5543 5355 14.68
Biep Max 1 Ty RG] 150 Repiviax 1 541 .y 527
FepMax 2 o7 250 T8 Rephian 2 157 kX1 2T
Woweight 1 167 B8 166 9 M6 Woweight 1 Bh.35 B4.TO 1403
Woweight 2 IRZ 52 17580 40 541 Woweight 2 95 B3 9105 .27
Total W1 2502 S0 2545 7% 51537 Toral W 1 134257 1307 5 AT a2
Total W 2 T2 74 2754 50 S60.74 Total W 2 1425 58 1423.10 2 39
W first 1 117049 114040 2331 06 W it 1 S00.EK STE.M 1H0.497
W firsr 2 1254 93 1247 55 274.05 Wl 2 a6d 4 BAT 55 18699
W okast 1 SE 42 547.00 141,82 Wl | 30839 255 0 11203
W olkagt 2 56771 571580 13591 Wolaat 2 30196 295 UR.25
Flato 1 2171 210 dd FRatio 1 Xie g 1 076
FRatn2 135 .| | .38 FRatm 2 x33 X5 .79
W Fatigiae 1 5280 5330 o.Te WFatigue 1 3068 4905 T1.87
W Fatigue 2 5426 54 65 T.B6 Watege 2 54.0H 5370 1049

Wrephdax]l: maximal repetition of total work day | i Joules; Wrephax2:
maximal re petition of toial work day 2 in Joules; BepMux|: maximal work rep-
etition number day | (numhber); Rephfax?: moximal work repetition number
day 1 {oumber); Wweightl: work io body weight mbo day | (%) Wweight2:
wark i body weight mtio day 2 (%k TomW1: toml work day | in Jookes;
ToinlW2. toial waork day 2 i Joules; Whrst]: work during first third day |
Joales: Wirs2: work during frst third day 1 in Joules; "nE'Iult. work diring
last third day | m Joules: Wilast2: work during kst thisd day 2 in Jombes;
FRutio|: ftigue miso day |; Fleiiol: ftigee ratio day 2 Witigee I work
Etigue day 1 (%), WEFatigue2: work fGtigae day X (%),

Wrephaxl: maximal repetitton of toml work day | in Joules; Wrephhx:
maximal repetition of ntal work day 2 m Joules; Repbox |- moximal work nep-
elition namber day | (number); Rephlax?: maximal work repettion namber
day 2 (pumber); Wweightl: work to body weight ratio doy | {%): Wweightl:
work #o0 body weight o day 2 {(%): Toin : ivial work day | in Joales;
TotalW?2 sotnl work day 1 in Joules; Whrstl: work during first thind day 1 n
Josles; Wiirst2: work during first third day 2 in Joules; sil: waork during
Inst third day I in Joules; Whist2: work darmg last third day 2 m Joules:
FRatiol: ftigue ratic doy 1; FRatio2: ftgue moo day 2: Weatigue |: work
fatigwe daw | (%) Whatigme?: work fmtigue doy 2 {%).

Statistical analysis

The comresponding mean values, median and stan-
dard deviations were determined. The box plot for the
test and retest were defined. The different intra-class
correlation coefficients were obtained (ICC), as were
the confidence intervals (CI} of 95% of every ICC.
Finally the mean difference between the average mea-
surements (d,)the standard deviaions (SDy) and the
standard error (SEy) and 953% of its C1 were also cal-
culated. The level of significance is established at
P<0.05 and is considered a highly reliable coefficient,
equal or superior to 0.80. The one-way analysis of
variance (ANOWA) was used, with repeated measures,
to determine the differences between the test and the
retest. The statistical analysis was carried out with the
computer pack SPSS for Windows (version 11.5 SPSS
Inc., Chicago, IL, USA).

Results

The siatistical valoes obtained {(mean value, medi-
an and standard deviations) are defined in Table [ for

Vol 46 - Mo, |

all the variables during extension. Table Il contains the
same data, but for flexion. You will notice that for
the variables defined by a digit (number of repeti-
tions required to reach maximum work and fatigue
index) the variation between tesi and retest can be
maore that 20%.4 Concerning the mean value, both for
extenzion and flexion, no important variations greater
than 20% have been observed either in the test or
retest. The graphic representation of these facts can be
seen in Figures 1, 2, with box plot for all the vari-
ables in extension and flexion. Therefore, the proto-
col could be reliable and reproducible, taking into
account the mean value as a statistical factor for cen-
tral tendency.

Tables U1, I'V show the ICC for all the variables, in
flexion and extension, with their level of significance.
In addition, the average differences between average
samples, their standard deviation and their standard
error are also shown together with 95% of the CI. The
last columns show the F statistic of the ANOWA and its
level of significance {when F =035, that implies a high
variability within the variance test).

Highly reliable wvalues have been obtained
{ICC=0.73) for total work in extension (0.80) and flex-
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Fgure |.—Fexion variables box-plots.

ion (0.7%) as well as for work during the first and
final thirds of extension (0.79 and 0.80) and maximal
repetition of total work in flexion. Reliable values,
between fair and good (1CC 0.4-0.75), were obtained
for everything except: work to bodyweight ratio in
extension, maximal work repetition number in flexion
and work fatigue in flexion.

Practically all the values are significant for the 10C
{except work fatigue in flexion). With respect to the
averages of the different samples and their standard
error, it should be noted that in most cases, in confi-
dence intervals, no such error was observed between
0 and the interval, which enables us to confirm that the
data are not only significant but also conclusive.

With respect to the analysis of the variances, in

B34 EURGPEAN MPUENAL OF PHYSHAL AND REHABILITATION MEDICINE

order to evaluate the differences berween data
obtained between measurements, the significant sta-
tistical difference between the data for test and retest
in the first variables was confirmed with scarcely any
difference between flexion and extension. This means,
that despite previous results using ANOVA, there are
contradictory data, which must indicate that there is
a learning effect.?

DMscussion
As previously stated, there is no clear protocol for

the study of fatigue, partly because of the confusion
created by its definitions, and parily because of the dif-
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ferent commercial brands on the market, which, in
their turn, produce distinet variables in their software 2
In clinics, as in research, standardisation of the proto-
cols for the isokinetic dynamometer is necessary.'*
This would improve daily use and access to infor-
mation.

Taking into account the total work and, on occasion,
peak torque, fatigue would be the decrease of these
variables throughout repetitions, and endurance would
be the last plateau. The transition from one o the
other is an important indicator, but very subjective
and variable.

There are different protocols relating to single-joint
knee fatigue. Manou ef al. published a test in 2002 on
which this study is based, using a Cybex Norm
dynamometer.! They evaluated the dommant lower
limb of 12 male volunteers in a test of 40 repetitions.
The determining variables were those in the software:

Vol 46 - Mo |

total work, total work to body mass, endurance ratio,
50% of fatigue work, 50% of fatigue time and 50% of
fatigue repetitions. The ICC obtained were highly reli-
able, in flexion as well as in extension; unlike to oth-
er protocols, it was slightly better in flexion.! Of all the
protocols studied, it was the one with the most stable
data, with an 10C> of 08192

There is also a protocol with a Biodex 2, but the
sample is very heterogeneous, evaluating both the
dominant and non-dominant leg of eight males and
eight females. It consisted of 30 concentric repeti-
tions but only evaluated two variables. The range of
motion is defined between 10° and 60°, The 1CC
obfained were excellent (>0.73), contrary to the fatigue
index { I0C=0.26) .5

On the other hand, there is a published test evalu-
ating fatigue in conceniric as well eccentric move-
ment. The dynamometer used was a Kin Com, eval-
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wating the dominant lower limbs of 13 males within
a range of 10° to 85°, and an index was defined for
endurance to fatigue.’

In 2007, Maffinleftie ef al. published a protocol for
knee fatipue using a Con-trex isokinetic dynamome-
ter. Fifteen males and 15 females were evaluated, con-
centric/ concentric, with 20 sub-maximal repetitions at
a low speed (15 s1}. When the fatigue index was
determined, their findings were moderately reliable for
the extensors and low for the knee flexors®

There are other fatigue protocols involving other
joints, particularly the trunk. In that specific article, four
protocols were evaluated using a Cybex Norm. In
addition to flexion and extension, an isometric test was
done. Sixteen rughy players were evaluated and a
fatigue index was also defined.”

In our study, visual feedback was not given because
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it appeared to give a detrimental bias by decreasing
the maximal effort and dimishing the total work in the
final third.2

In this study, it was decided, for various reasons, o
follow the lines of the Manou protocol: it follows a
series of standard parameters for the software of the
dynamometer which facilitates the extrapolation of
data. It also facilitates carrying out the test, for exam-
ple using a speed of 120°'s, which maintains moti-
vation during the test. In addition the total range of
motion of 9 (hetween 10° and 100%) was easier to
define.

Even so, there are initial differences. The first, as pre-
vipusly mentioned, was provided by the variables
defined by the software. This means that data obtained
are only useful for Biodex 3 dynamometers with the
same characteristics. Median and box plot have also
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been added to this statistical study. This is because
there is a statistical trend to consider the median as a
more stable and reliable measure of the central ten-
dency than mean valoe ™12 Considering the median,
one also has to bear in mind Dvir's conclusion con-
cerning data obtained from test and retest, that any dif-
ference less than 20% can be considered normal?
The data obtained are similar to that in previous stud-
ies. The 1CC are excellent or good for flexion and for
extension, with a slight difference in favour of exten-
sion, Of all the variables studied, the best results cor-
respond to total work which would in fact be the
most important variable to study. The results for the
variables “fatigue ratio” and “work fatigue™ are dis-
appointing, but one has to consider that these are
data obtained while manpipulating specific parame-
ters provided by the machine.

On the other hand, and quite contradictorily, the
analysis of the variances shows that there may be a
learning effect, contrary to the data obtained by
Manou, the anly one who had previously investigal-
ed it together with Lund.}. 13 This shows the lmitation
of this study, totally contradicting the significant con-
clusions obtained by test/retest, and it is impossible to
isolate them from the effect of the familiarisation exer-
cises performed before the test. Consequently anoth-
er independent study is required. Another possible
limitation is the fact that the data cannot be used on
other machines with different software,

In fact, a multicentre study was planned to evalu-
ate the results from three different machines with the
same potential and power in order to increase the
statistical power of the test through increasing the
sample It was also decided to homogenise the sam-
ple by choosing female volunteers between the ages
of 20 and 40 years old, since these are the most eas-
ily available subjects. as in other studies where all the
subjects were healthy and/or female_ In this way, nor-
mal data were obtained through the application of
the protocol.t-16

Among the doubts raised by the results, the fol-
lowing should be born in mind: in addition to the
influence of familiarization, we need to define
whether maximum effort needs to be achieved, as in
our case, or sub-maximal effort. It is difficult 1o deter-
mine whether the volunteer can regulate the amount
of effort needed to finish the test unless an elec-
tromyogram was done simultaneously. Furthermaore,
sub-maximal effort could cause confusion even
though it is the parameter of choice. It is not known

Vil 46 - Mo, |
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whether age or sex could influence the results
obtained 3 17. 1

To finish, the following should be considered:

— guidelines need to be established for statistical
analysis in the isokinetic fields. It is very difficult to
establish protocols for tests if there is no consensus for
analysis.

Multicentre studies can help to define those guide-
lines previously referred to, as has been observed in
other evaluation tpols and methods in rehabilitation 1*

This study should be continued in order to define
the influence of the training factor which has appeared
in the broadening of the sample. This is valid for age,
sex and type of efforn.

Conclusions

The protocol for knee flexor and extensor muscle
fatigue evaluation with the Biodex system 3 isoki-
netic dynamometer has excellent reliability for total
work variable as much in flexion as in extension.
Data obtaingd for this variable, given that it is a mul-
ticentre study, allows us to compare data from dif-
ferent pathologies within a similar population.
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Objectiu

El programa de rehabilitacioé accelerada després de la reconstruccio del lligament encreuat an-
terior va ser ben definit per Shelbourne el 1990. La rehabilitacié dels accidents laborals té certes
peculiaritats per les dificultats d’adheréncia dels pacients i les derivacions medico-legals que
comporta. L'objectiu d’aquest treball era presentar els resultats preliminars del programa de re-
habilitacié accelerada després de la reconstruccié del lligament encreuat anterior mitjangant la
técnica os-tendo-os en I'ambit de pacients laborals.
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Amb aquest objectiu s’avaluaren 11 pacients que van patir una ruptura aguda del lligament en-
creuat anterior per accident laboral, nou dels quals exercien professions d’alta activitat fisica.
Nou pacients eren homes i dues dones amb una mitjana d’edat de 25 anys (DE 9,85). Els resul-
tats van ser avaluats en finalitzar el tractament rehabilitador un cop reincorporats al treball. Es va
registrar la inestabilitat clinica, el balang¢ articular, el volum de la cuixa, la puntuacié de I’escala
de Lysholm, la forca muscular concéntrica isocinética de flexo-extensors de genoll a 180 °-s-1,
els dies de baixa, el n° de sessions de fisioterapia, el nivell de capacitat laboral a I'alta, la satis-
faccié i les complicacions.

Resultats principals

Van realitzar una mitjana de 49,8 sessions de tractament (DE 11,8). La mitjana de dies de baixa
va ser de 127,3 dies (DE 27,4). No es va registrar cap incapacitat laboral. Deu pacients van tor-
nar al seu mateix lloc de treball, tres van reiniciar les seves activitats esportives i altres tres van
desenvolupar una sindrome fémoropatelar. La puntuacié mitjana de I'’escala de Lysholm va ser
regular (82,6;DE 18,1). El déficit de forga mitja dels extensors de genoll, avaluat mitjancant dina-
mometre isocinétic, va ser de 23,4% (DE 16,4) i, excloent els tres pacients que van desenvolupar
dolor féemoropatelar, de 15,3% (DE 8,1). No es va apreciar cap inestabilitat clinica, limitacié del
balang articular o atrofia muscular rellevant. La majoria dels pacients estaven bastant o molt
satisfets.

Conclusié

Es conclogué que un programa de rehabilitacié accelerada després de la reconstruccio del lliga-
ment encreuat anterior és Util en els pacients laborals i que el desenvolupament d’un sindrome
de dolor femoropatelar era la principal complicacio.
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ORIGINAL

Rehabilitacion acelerada de la plastia de ligamento cruzado
anterior en el entorno de una mutua de accidentes

de trabajo

). CHALER VILASECA®, M. A. ABRIL CARRERES*, R. GARRETA FIGUERA*, A. MAIQUES DERNY,

C. UNYO SALLENT* y F SOLER ROMAGOSA*

*Servicio de Rehabilitocion. **Cirupin Ortopédico y Troumatolopio. Mutua Epara y Hospitel Mutua de Temassa,

Resumen.—E| programa de rehabilitacion acelerada
tras |a reconstruccion del ligamente cruzade anterior fue
bien definido por Shelbourne en 19%0. La rehabilitacion da
los accidentes laborales tiene ciertas peculiaridades por la
falta de colaboracion de los pacientes y las reclamaciones
gue comporta. El objetivo de este trabajo es presentar los
resultados preliminares del programa de rehabilitacion ace-
lerada tras la reconstruccion del igamento cruzado anterior
mediante  técnica hueso-tendén-hueso en el ambito de nues-
tra mutua laboral.

Se evalian || pacientes que sufrieron una ruptura aguda
del ligamento cruzado anterior por accidente laboral, nueve
de los cuales desempenaban profasiones de ale actividad fi-
sica. Mueve pacientes eran varones y dos mujeres con una
media de edad de 25 anos (DE 9,85). Los resultados fueron
evaluados al finalizar el tratamiento rehabilitador una vez
reincorporados al trabajo.

Realizaron uma media de 49,82 sesicnes de tratamiento
(DE 11.76). El promedio de dias de baja fue de 127,26 dias
(DE 27,38). Mo se registrd ningln barema ni incapacidad la-
boral. Diez pacientes volvieron a su mismo lugar de traba-
jo. tres reiniciaron sus actividadas deportivas y otros tres
desarrollaron un sindrome femorcpatelar la pumtuacion
media de |a escala de Lysholm fue regular (82,55, DE 18,07).
El déficit de fuarza medic de los extensores de rodilla eva-
luado mediante dinamoametro isocinético fue de 23,36% (DE
l641) y s excluimos los tres pacientes que desarrollaron
dolor femoropatelar de 15,25% (DE 8.10). Mo se aprecid
ninguna inestahilidad clinica, limitacion del balance articular
o atrofia muscular relevante. La mayoria de los pacientes es-
taban bastante o muy satsfechos.

Concluimos que &l programa de rehabilitacion acelerada
tras la reconstruccion del ligamento cruzado anterior es il
en los pacientes laborales y que el desarrollo de un sindra-
me de dolor femoropatelar es la principal complicacion.

Trabajo recibido & |-XI1-00. Aceptado el 3-WI101.

Rehabiltaridn (Madr) 2001;35(5):295-301

Palabras dlave: Ligagmentoplastia. Ligamento cruza-
do anterior. Tratamiento rehabilitador. Rehabilitacién
laboral.

ACCELERATED REHABILITATION OF THE
ANTERIOR CRUCIATE LIGAMENT PLASTY IN
THE SCOPE OF A WORK ACCIDENT
INSURANCE COMPANY

Summary.—The accelerated rehabiliation program
after reconstruction of the anterior cruciate ligament was
well defined by Shelbourna in 1990, Rehabiliation of work
accident subjects has special characteristics due to the lack
of collaboration by the patients and the claims involved. This
work aims to present the preliminary results of the accele-
rated rehabilimation program after reconstruction of the an-
terior cruciate ligament by bone-tendon-bone technigue
within our work insurance company.

Eleven patients suffering from acute rupture of the anterior
cruciate ligament due to a work accdent, % of whose profes-
sion involved a high level of physical activity, were evaluated.
Mine patients were male and two female with a mean age of 25
years (50 9.85). The resuls were evaluated at the end of the
rehabilitation treatment once the patient went back to worle

A mean of 4982 treatment sessions (SD | L.76) was
done. The average days of sick leave were 12726 days (5D
17.38). Mo work criteria or incapacity was recorded. Ten
patients returned to their same site of work, three reinitia-
ted their athletic activities and three others developed fe-
moropatelar syndrome. The mean score of the Lysholm
scale was average (82.55, 5D 18.07). The mean strength de-
ficit of tha knee extensors evaluared by isokinatic dynamao-
meter was 23.36% (50 16.41) and if we exclude the three
patients who developed femorcpatelar pain, 15.25% (5D
8.10). Mo relevant clinical instabiliy, limitation of articular
balance or muscular atrophy was ocbserved. Most of the pa-
tients were guite or very satisfied.

W¥ve conclude that the accelerated rehabilitation program
after reconstruction of anterior cruciate ligament is useful
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| CHALER VILASECA, ET AL —REHARBILITACION ACELERADA DE Lb FLASTLA DE LKSAMENTO CRUZADC ANTERIOR EM EL ENTORMNO
DE UNA MUTUA DE ACCIDENTES DE TRABA|D

in work acddent patients and that the development of a fe-
moropatelar pain syndrome is the principal complication.

Key words: Lipamentoplasty. Anterfor cruciate liga-
ment. Rehabilitation treatment. Work rehabilitation.

INTRODUCCION

El objetive fundamental de la rehabilitacién de las
lesiones ligamentosas de la redilla es el retorno a la
actividad normal. Los objetives secundarios, aunque
no per ello poco importantes, serian la reduccion del
tdempo de rehabilicacién, del dempeo de baja laboral y
por tanto, de los costes del procesa.

El programa de rehabilitacion tras la plasta del li-
gamente cruzade anterior (LCA) depende fundamen-
talmente del tipo de intervencion que se lleva a cabo.
En nuestro centre la téenica empleada es la plastia
huesa-tendon-huesa (H-T-H) utilizands el tendén ro-
tuliano. Posteriormente los pacientes inician un pro-
grama de rehabilicacién acelerada (PRA) sin ortesis.

Los resultados del PRA a largo plazo, en lo que res-
pecta a la estabilidad ardculan, son referidos como ex-
celentes segin lo publicade por Shelbourne et al en
1995 (1) y 1997 (2). basindose en una muestra de
1.057 individuos. Los mismos autores ha constatado
que los resultades en cuante a reincorporacion a la
actividad deportiva se mejoran si la intervencion se
pospone para realizar uma pauta de potenciacién pre-
wvia (3). Finalmente, en cuanto al use de ortesis al ini-
cio del proceso de rehabilitacién destacariames el ra-
bajo de Howell vy Taylor, que demuestra la ausencia de
complicaciones sin el uso de ortesis en la fase inicial
de la rehabilitacion (4).

La mayoria de estos trabajos. y especialmente los
de Shelbourne et al, se han realizade con una mues-
tra de deportistas, tanto profesionales y semiprofe-
sionales como recreativos, por lo que presumimos
que se trata de pacientes altamente motivades en el
seguimiento de un programa de rehabilitacion para
reincorporarse a su actividad deportiva habitual. Este
probablemente no es el caso de los pacientes que han
sufride un accidente laboral. En estos casos se acos-
tumbra a asumir que los resultados deben ser peores
por la menor motivacion de estos pacientes en el se-
guimiento de un programa de rehabilitacion. La revi-
sion de la literatura es poco ilustrativa. De heche, hay
pocos articulos en revistas indexadas que hagan refe-
rencia especificamente a los resultados de la plastia de
LCA en pacientes laborales, y menos del PRA. En una
revision de los anos 1990 a 2000 encontramos sola-
mente dos articulos que hacen referencia a los resul-
tados de la plastia de LCA en pacientes laborales. Te-
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nemes por un lade el articuls de MNeyes y Barber (5),
en que compara los resultades de un grupe de pa-
cientes no laborales con uno de laborales después de
una plastia de LCA, mestrande una diferencia Uniea y
muy marcada en los dias de baja laboral (344 de pro-
medio global para los laborales frente a 40 en los no
laborales). Por otre lado tenemos el reclente trabajo
de Wexler et al (8) en que especificamente se anali-
zan los resultados en una muestra de pacientes labo-
rales americanos tratados en el postoperatorio me-
diante un PRA. Al analizar los resultades, concluyen
que el hecho de ser paciente laboral no compromete

los resultados de la técnica.

El objetive del presente trabajo es analizar los re-
sultades del PRA después de la reconstruccion del
LCA en pacientes laborales de nuestre entorna.

PACIENTES ¥ METODOS
Pacientes

Onee pacientes intervenidos de ruptura de LCA se-
cundaria a accidente laboral desde inicios de 1998 a
octubre de 1999. El criterio de inclusién fue la acep-
tacion del programa por parte del paciente y la pro-
ximidad geogrifica al centro de referencia de la mutua
laboral. Mueve de los paclentes eran varones y dos
mujeres. Ocho eran trabajadores manuales o de la
construccion que requerian una actividad fisica eleva-
da. La media de edad era de 25 afos (17-43). Seis de
los pacientes presentaban lesiones concomitantes:
menisco externs, menisco interno, ligamento lateral
interno o sindrome fémoro-rotuliano. Seis no pract-
caban habitsalmente ningln deporte.

Intervencidn quirdrgica

Plastia de LCA mediante técnica H-T-H de tendan
rotuliane, realizada mediante artroscopla. Ademas, los
pacientes afectos de lesiones meniscales fueron inter-
venidos mediante meniscectomia parcial en el mismo
acto quirdrgico.

Programa acelerado de rehabilitacidn

El programa de rehabilitacion desarrollade se basa
en el propuesto por Shelbourne et al discretamente
modificade para adaptarse a nuestro entorno. Las
modificaciones no interfieren los plazos marcados ni
la filosofia bisica del programa: extensidn de rodilla
precoz, apoyo precoz y potenciacion con ejercicios de
cadema cerrada. Un heche importante es la supresion
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TABLA |. Programa de rehabilitacion.

Tiempo

Programa de rehabilitocion

Dias -7

Semana -2

Samana 3-4

Semana 5-&

Semana 7-12

Meses 4-5

Muovilizacion pasiva continua (CPM) iniclando a 0-60° y progresande a 0-110° segin tolerancia (10° por dia);
carga segun tolerancia con dos muletas; isométricos de cuadriceps, contracciones de isguictibiales; flexion
¥ extension activo-asistida o autoasistida en suping ¥ prono; estimulacion electrica del cuadriceps, mascterapia
de despegamianto de |a cicarriz y de la rotula y modalidades segin requerimientos (cricterapia, ultrasonide,
TEMS, interferenciales). El alta hospitalaria es normalmente al 3°-4° dia postoperatorio. Los criterios de alta
serian: |) Control del dolor; 2} extension completa, 3) capacidad de elevar toda la extremidad en extension
de rodilla

La extension debe ser complera, si no, se prescriben posiciones mantenidas en extension en decibito
prono cen | Kg progresar en el apoyo segun tolerancia: fibres en flexion; genuflexiones parciales (se
puede utilizar &l plano deslizante); astepsy de [0-15 cm; zeries de pies en punmillas.

Insistir em patron de marcha normal; afadir ejercicios de cadena cerrada de flexoextensores de rodilla
en prensa de pierna; extensiones terminales de rodila 20°-0° con electroestimulacion a criterio del
fisioterapeuts; biciclera estatica. A la 4* semana se pueden iniciar resistidos de isquiotibiales segin tolerancia.
5i parsiste flexo se pueden iniciar estiramientos. A partir de k& 4' semana se recomienda realizar pauta
bisica de autoestiramientos globales y cicloergometro. Tambien se puede iniciar natacion.

$e pueden iniciar ejercidos de potenciacion en carga: Genuflexiones con pesos, etc. El banco de cuadriceps
s& puede afadir en la semana 6. También se pueden iniciar ejercicios de propiocepcion basicos.

A partir de esta semana el programa ya depende de la progresion del paciente. Hacia la B* semana se
realiza wna evaluacion de la fuerza muscular mediante dinamemetro isocinetice a 180%: limitznds la
extension a 20% % la fuerza del cuddriceps es del 75% o mejor, se prescribe una ortesis funcional y se
empiezan ejercicios de agilidad. La oreesis sole se usa para actividades que implican cambios de riomo y
direccion. El programa de potenciacion se mantiene aumentando la intensidad, anadiendo una pauta
submaxima de potenciacion isocinética para cuadriceps (cinco series de |5 repeticiones concéntricas tres
veces por semana). Generalmente este punto es el de rercrno al trabajo. Los ejercicies de agilidad son
para entrenar el retorno a actividades gue suponen cambios de ritmo ¥ direccion bruscos.

Alrededor de la 12 semana, estando generalmente el paciente reincorporade a su actividad laboral, se
inicia el entrenamiento para reanudar la eventual actividad deportiva previa. El cricerio es alcanzar una
fuerza de cuadriceps medida mediante dinamometro isodnetico del 85% de la sana.

Retorno a la actividad deportiva plena. Los criterios serian: |) balance articular completo; 3) no derrame;

3) rodilla estable, 4) haber complemado el programa de agilidad.

de la orvesis inicial. El programa glebal lo resumimos
en la tabla |. Cabe destacar que los tiempos marca-
doz son los minimes y que segln la respuesta de los
pacientes pueden alargarse. lgualmente en las tablas 2
y 3 se resumen los ejerciclos constituyentes del pro-

grama.

Seguimiento clinico y andlisis

Los pacientes incluidos en el programa han side so-
metidos a un protocolo de seguimiento semanal rea-
lizade conjuntamente por el fisioterapeura y el médi-
co rehabilitador, que incluye la valoracion del delor
con la escala visual analdgica, la presencia de derrame
articular, la estabilidad articular (a partr de la 6. se-
mara), el balance articular, la movilidad de la pacela, ¥
la extension activa de rodilla. El cometide de estas
evaluaciones es monitorizar el programa de trata-
miento. A éstas, se debe anadir la valoracién median-
te diramometria isocinética de la fuerza del cuadri-
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ceps a 180%s limitando la extension a 20%s, que se rea-
liza a a 8." semana La infermacién que obtenemos de
esta prueba nos sirve comeo criterio para intreducir
nuevos ejercicios (tabla |) y para preseribir un pro-
grama de potenciacion especifico y monitorizarla.

Para evaluar los resultados finales se ha citado a los
pacientes sistemmaticamente una vez han sido dade de
alta del servicie de rehabilitacién para semeterios a una
evaluacién que comprende los apartados detallados en
la tabla 4. Las evaluaciones han sido realizadas en todos
los cases por el primer autor del trabajo, tanto las eli-
nicas como las tecnificadas (dinamémetro isocinética).
La escala de Lysholm para valorar los resultados fun-
cionales se administrd a los pacientes en un cuestiona-
o que fue cumplimentade por ellos mismos.

El seguimiento de estos pacientes se ha disefado si-
guiende a grandes rasgos el realizade per Shelbourne
et al en los trabajos a large plazo (2). La escala fun-
cional escogida (Lysholm y Gillquist) nos parece la mas
adecuada para pacientes que no son necesariamente
deportistas (7).
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TABLA 1. Ejercicios de potenciacion, propiocepoion, resistencia ¥ balance articular

Ejercicia

Descripcidn

Bicicleta estatica

Debe sicuarse el sillin lo suficientements elevado para llegar a exrension maxima sin hacer

hiperextension. Cadencia de 80-90 revoluciones por minuto. Utlizar como ejercicio de calentamiento

durante 10-20"
Pransa EEll
Genuflexiones
(cadena cerrada)

Ejercicios de
cadera y tobillo
plantar de tobillo.
Ejercicios
isquintibiales
(cadena abierta)

Flexion ideal a 40° y 60° para la genuflexion y la prensa respectivamente, en todo caso no exceder
los 90°. Enfatizar el trabajo excéntrico. Los ejercicios se debertan realizar en diferentes posturas
los pies. Inicialmente con el pie recto ¥ posteriormente con el pie en rotacion externa. La resistencia
es progresiva con reevaluacion semanal

Resistidos progresivos: flexion de cadera en flexion de rodilla, flexién de cadera con extension de
rodilla, flexion de cadera en rotacion externa, extension de cadera, dorsiflexion de tobillo ¥ fledon

Debe wdlizarse un peso que permita al paciente realizar la flexion maxima y estirar lentamente. La
resisiencia serd progresiva ¥ se reevaluara semanalmente.

Ejercicios cuadriceps Realizados en el arco articular no doloroso. Intentar trabajar en rotacion externa de cadera, enfatizando

{cadena abierta)

los excéntricos, por ejemplo, elevando &l peso con ambas extremidades y bajindolo com uma scla

La resistencia sera progresiva y se reevaluara semanalmente.

Ejarcicios
propioceptivas
Tabla deslizanta

5e realizan apoyando la rodilla manteniendo el equilibrio wnipodal. 5egin tolerancia se progresa a
plato basculante hasta equilibrio unipodal en plato basculante.
Es importante mantener la flexion de la redilla a 45° y utlizar las caderas para evitar el estrés en

varo o valgo de rodilla 5e realizan 5 © 10 min o hasta la fatiga.

RESULTADOS

El tempo de sepuimiente medio es de ocho meses
(4-13 m). Bl ndmere medio de sesiones de tratamiento
fua de 49,82 (DE | 1,76) para completar el programa. La
duracién media de b baja laboral total fue de 127,27
dias (DE 27,38). Mingin paciente fue valorade como
susceptible de indemnizacion por secuel: tipificada.
Diez de los 11 pacientes volvieron al puesto de trabajo
previe. Solamente tres pacientes reiniciaron actividad
departiva recreativa. La puntuacién media de la eseala

TABLA 3. Ejercicios de agilidad.

de Lysholm-Gillquist fue de 82.55 (DE 18,07), al limite
entre regular y bueno. El déficic de peak torque medio
fue de un 23,36% (DE 16,41). Tres pacientes registraron
un sindrome de doler femoropatelar de dificll contral.
5i exeluimas estos dltimeos del compute, las medias de
la escala de Lysholm (89.88; DE 13,87) y las del déficit
de peak torque (15,25%; DE B,10) mejoran sustancial-
mente. Mo ze registrd déificic de movilidad, flexe, atre-
fia muscular o inestabilidad clinicamente relevantes. La
mayoria de los pacientes (nueve sobre once) manifesta-
ban bastante & mucha satisfaceion (tabla 5).

Ejercicia

Descripcion

Carrera lateral
saries.
Carrera de espalda
20 series.
Salto wertical
salto corriendo, 20 series.
Saltar a cuerda

Carioca

Correr de lado sobre las puntas del pie 50 metros. Empezar corriendo |0 series y progresar a 20
Empezar corriendo a una velocidad mediana, 50 metros, |0 series. Progresar a velocidad maxima,
Saltar a una altura determinada empezando en bipedestacion, |0 series, y progresar a inicio de
Saltar a cuerda iniciando com ambos pies, continuar alternande, y finalmente con un solo pie,

durante cinco min. Progresar a 15 min
Correr de lado cruzando el pie primero por delante y después por detras de la extremidad

defantera. Empezar a una wvelocidad mediana, |10 series de 50 metros, y progresar a velocidad

maxima, 20 series.
Subida de escaleras
maxima y |0 series.
Figura de ocho

Subir de una a una, a velocidad mediana. cinco series y progresar a subir de dos en dos, velocidad

Correr a velocidad mediana trazando una figura de ocho de 30 m de largo por |5 m de ancho,

10 series. Progresar a velocidad maxima. Reducir progresivamente el mmano del «fr siguiendo el

misma protocolo.
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TABLA 4. Bvaluacion y registros a final del programa.

Mumere de sesiones de rehabilitacion.

Mimero de dias de baja laboral totales.

Secuelas tipificadas (baremos, incapacidad permanenta par-
cial, etc.).

Recormno al mismo puesto de trabajo.

Reanudacion de actividad deportiva regular (2-3 veces por
SEMana).

Complicaciones de la intervencign y del programa de reha-
bilicacion.

Determinacion del deficit de peak torgue mediante dinamo-
metria isocinética, el protocolo es a 180%s concéntrico
{cinco repeticiones de calentamiento, 0" de descanso, cinco
repeticiones de medicion).

Waloracion de la estabilidad argcular mediante test de Lachman.
Diéficic de balance articular mediante goniomaerria bilateral.
Asimetria de perimetros del muslo medides a 12 om por
encima del polo superior de rotula.

Flexo mediante goniometria.

Escala funcional de Lysholm y Gillguisc.

Satisfaccion con la ntervencion y el preceso: nada, poca, in-
diferente, bastante o mucha.

DISCUSION

El injerte de tendén rotuliano es uno de los tejidos
bialégicos mas resistente {125-150% mas fuerte que el
LCA) (8. 9). La utilizacién de pastillas de hueso fijadas
con tornillos interferenciales de didmetro grueso favo-
recen la fijacién biolégica, de manera que a las 3-4 se-
manas de la intervencién se ha demestrado consolida-
cion del huese del winel y las pastillas comportando
una fijacién permanente (). La revascularizacién del in-
jerto se produce durante los 2-6 meses (10). Este
heche, al menos en teoria, tene implicaciones en lo
que respecta a la resistencia del injerto. En la prictica

TABLA 5. Resultados funcionales y de satisfaccion.

299

se ha demostrade que la hipotética pérdida de resis-
tencia que comporta la revascularizacidén no se ha tra-
ducide en inestabilidad clinica, @l come demostré
Clancy, en los inicios de la implantacion de la técnica,
&n su serie de 50 pacientes tratados mediante una plas-
tia HTH (). Posteriormente, los trabajos de Shel-
bourne et al, corroboraron esta afirmaciéon (1, 2, 12).

Las premisas referidas y la observacion elinica de
que pacientes que «se saltabane limitaciones de pro-
tocolos de rehabilitacién restrictives no presentaban
complicaciones relevantes, llevd al desarrelle por
parte de Shelbourne et al del PRA en el postoperata-
rFio de una plastia de LCA mediante téenica HTH con
tendén rotuliano. El hecho primordial seria el dispo-
ner de una fijacion de la plasta suficlentemente fuer-
te como para Iniciar precozmente el apoyo y la movi-
lizacion. Los rasges caracteristicos e innovadores del
programa acelerade son la enfatizaciéon de la exten-
zidn precoz de la redilla y el uso de ejercicios de ca-
dena cerrada (12, 13). También se ha aplicade con éxite
el PRA tras otras técnicas de reconstruccion (injerto
combinade de semnitendinose y recte interno) (14).

Dado que la bibliografia es escasa en cuanto a re-
construceion del LCA en pacientes laborales disefia-
mos este estudio para demostrar la efectividad de la
técniea H-T-H y el PRA posterior sin ortesis en nues-
tros pacientes.

Los resultados en referencia al nimero total de se-
siones de rehabilicacién requeridas y de baja laboral
nos parecen muy aceptables. De hecho los pacientes
han estade poco mds de cuatro meses de baja laboral
contando e tiempe entre la lesidn y la intervencidn.
Mo wenemos referencias para comparar en nuestro
entorno. En la literatura americana —es decir, en un
entorno sociolaboral, sanitario y legislative muy dife-
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rente al nuestre— encontramos el articulo de MNoyes
y Barber (5), que aunque el protocolo de rehabilita-
cién no es igual al que realizames, habla de tempos
de baja laboral totales de 344 dias.

Es francamente destacable que no hube ningin
paciente en nuestra serie que mereciera el iniclo de
expediente para valorar un baremo o Incapacidad.
lgualmente todes menos uno volviersn a su trabajo
previo, que en definitiva es el objetive primordial de
la rehabilitacion llevada a cabo en las mutuas de acc-
dentes laborales.

En cuante al retorno a la actividad deportiva re-
creativa previa los resultades son mas discretos (3
sobre 6). Mingin paciente realizaba deporte de una
manera profesional o semiprofesional. Estos resulea-
dos los explicarnos por el heche de que la mayoria de
los pacientes, una vez dades de alta laboral, declinan
continuar |a dltima fase de rehabilitacion. Es dedr, la
disefiada especificamente para la reanudacién de la ac-
tvidad deportva. La evaluacion clinica del balance ar-
ticular, estabilidad y arrofia muscular arroja unos re-
sultados excelentes en esta serie.

Merece una mencién especial el desarrolle de un
sindrome femoropatelar en tres pacientes que ha in-
terferide de una manera importante en el proceso de
rehabilicacién, remarcande que uno de ellss, el pa-
clante 4, ya lo presentaba previamente a la interven-
cidn Consideramos que se debe bdsicamente a una
predisposicion individual (acortamientos musculares),
sumado al papel de una intervencion sobra el aparate
extensor de la rodilla. De hecho, en nuestro centro,
se estd introduciendo recientemente la reconstruc-
cién del LCA con semitendinese para no incidir en el
tendon rotuliano.

El déficit de fuerza medio de extensores de rodilla,
determinade mediante dinamometria isocinética es de
un 23.36% y esta justo por encima del que se consi-
dera maximeo para iniciar ejercicios de agilidad (25%).
Elle indica un nivel de potenciacién muscular notable,
gue comporta una buena proteccion arteular. 50 eli-
minamos los pacientes con sindrome femoropatelar
del codmputo, el déficit de fuerza de extensores de ro-
dilla se vuelve irrelevante (15,25%; DE 8,10}

La escala de Lysholm da unos resultades en pro-
medie regulares (82,55, DE 18.07) que, al igual que
ocurre con el déficit de peak torque, se corrigen sus-
tancialmente al ne incluir a los pacientes con el sin-
drome femoropatelar. De todas maneras, en la serie

de Wexler, refieren una puntuacion promedio en la es-
cala de Lyshelm igual a la ebtenida en nuestra serie.

El presente trabajo presenta limitaciones. Bdsica-
mente, por un lado se trata de una serie corta. Por
otro lade seria deseable uma comparacion con un
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grupe control de pacientes no laborales tratados en el
misme entorno. Incluse se podria afirmar que daberia
eonsiderarse un grupo contrel de pacientes con lesién
de LCA no intervenides. Hasta incluse se podria in-
Lentar comparar con un grupe contral de pacientes in-
tervenidos ¥ tratados con un programa eno acelera-
dow. Asumiendo el Flesgo de extrapolar, consideramos
que los trabajos realizados hasta ahora, principalmen-
te por Shelbourne et al. en una poblacién de pacien-
tes deportivos constituyen una evidencia suficiente da
la eficacia y seguridad del PRA tras |a plastia de LCA
lpualmente, los pacientes con profesiones de alte re-
querimiento fisico necesitan de una rodilla estable para
sus actividades (subir y bajar escaleras, cargar pesos...).
Por tants, se nos haria éticamente inaceptable propo-
ner un grupo de no-intervencion ylo de tratamiento
rehabilitador «no aceleradoy en pacientes laborales. En
cuanto a la posibilidad de un grupo control de pacien-
tes no laborales seria una posibilidad interesante pero
no factible en nuestre centra.

En definitiva, la dnica limitaclén que presenta este
estudio a nuestro juicio es la cortedad de la serie. No
obstante, y a pesar de ello, los resultados son alenta-
dores ¥ relevantes.

CONCLUSION

Con relacidn a los objetives bisicos de la rehabili-
tacion laboral, destacamos la corta duracién del tiem-
po de baja laboral, el indice ales de retorne al misme
puesto de trabajo y la ausencia de secuelas y incapa-
cidades dpificadas a medio plaze. Tedo ello, en un
grupo de pacientes con trabajes de medic-alte re-
querimienta fisice. lgualmente, consideramos alenta-
dores los resultades clinicos y la impresion subjetiva
de los pacientes. La incidencia de patolagia femoropa-
telar supone el problema de manejo mas importante
en algunos pacientes. Consideramos que la continua-
cién del estudio y la introduceién de nuevas vécnicas
quirirgicas nos permitird perfilar mds exactamente ha
repercusion de este hecho. De todas maneras, v a la
luz de los resultados que exponemos, concluimos qua
el PRA, sin ortesis, tras reconstrucclon del LCA me-
diante técnica H-T-H, es una intervencion terapéutica
eficaz, eficiente y segura en pacientes laborales en
nuestro entorno.
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Aplicaciones clinicas de las pruebas biomecanicas:

mitos y realidades

Clinical applications of biomechanical tests: Myths and realities

En la practica clinica, habitualmente, se entiende por
prueba biomecanica a aguella que evalla aspectos mecani-
cos o fisiologicos de la motricidad humana como son la
fuerza muscular, el movimiento y/o coordinacion, el
equilibrio ¥ patrones de activacion muscular dinamica. Asi,
en la actualidad existen en el mercado diferentes tipos de
dinamometros (isocinéticos, sometricos o isoinerciales),
sistemas de analisis del movimiento en 3D, posturografas,
sisternas de baropodometria y electromidgrafos multicanal
de superficie para realizar estudios dinamicos. El denomi-
nador comin de estas pruebas es que permiten evaluar la
funcion, es decir, el rendimiento del sistema neurcmusclar
y musculoesguelético en contraposicion con la mayora de
exploraciones complementarias sclasicass, en las que el
paciente o sujeto es eminentemente pasivo. Esta caracte-
ristica las ha convertido en herramientas imprescindibles
en la investigacion basica de patologia musculoesguelética
¥ neurclogica asi como en la medicina deportiva o
rendimiento deportivo. Pero también las hace de un inmenso
interés en la practica clinica de la rehabilitacion, tanto
misculoesquelética como neurclogica, para registrar defi-
cits, monitorizar procesos v, s se da el caso, determinar
secuelas. Un ejemplo bien conocide es la validez de los
dinamametros isocinéticos en la monitorizacion de la fuerza
muscular dindmica en diferentes condiciones' . Asimismo,
las pruebas biomecanicas se han utilizado clinicamente
en la planificacion quirdrgica. Concretamente, v a modo de
ejemplo, es de destacar que para disenar un plan quirirgico
multinivel en pacientes afectos de paralisis cerebral, en
estos momentos, la realizacion de una prueba de analisis
de movimiento en 30 es determinante en la toma de
decisiones’ *. En el campo de la medicina deportiva tienen
un papel crucial. Precisamente en este campo, Davies et al’
definieron un algoritmo muy Otil para encuadrar concep-
tialmente la valoracion funcional. En el se describen tres
niveles. Un primer nivel engloba pruebas funcionales basicas
{p.e. el balance articular, la medida de los acortamientos

musculares y el equilibrio); en un segundo nivel pruebas de
fuerza y/o potencia (p.e tests isoinerciales e isocinéticos) v
finalmente pruebas de campo o de rendimiento {p.e «hop-
testw, «Yo-yo tests o incluso pruebas de analisis del
movimiento). Este algoritmo presupane no solo la obtencion
de datos cuantitativos el ejemplo mas claro es la
dinamometria isocinética, en que se obtienen datos de
fuerza dinamica y potencia de una articulacion aislada), sino
tambien cualitativos gue dan informacion objetiva de la
funcion de multiples estructuras {como por ejemplo un shop
tests™®, en que se analiza el rendimients de un salto
mediante un protocolo predefinide y comparando un lado
afecto con uno sano)'®. Esta aproximacion en la que se
propene una evaluacion mas cualitativa tiene mucho que
ver con un cambio de modelo de rehabilitacion, cada vez
mas basada en algo mas gue ejercicios ejecutados de
una manera pura ¥ aislada''. Este cambio de modelo es
aplicable a otros ambites de la rehabilitacion, como
puede ser la neurclogica, la ortopédica o la ocupacional.
lgualmente, el algoritmo definido por Davies et al’, también
nos puede ayudar a agrupar en distintos niveles los sisternas
de evaluacion biomecanicos descritos mas arriba. Asi
tendriameos, entre otres, los diversos sistemas dinamome-
tricos {isocinéticos, isoinerciales e isométricos), eminente-
mente cuantitativos integrados en el segundo nivel gue se
corresponde con las fases intermedias de la rehabilitacion.
En estas fases nos interesa chjetivar de una manera precisa,
fiable y valida wqués vamos ganando con las diferentes
terapias dirigidas a ganar fuerza. Finalmente, podriamos
agrupar en el Oltimo nivel los sistemas, eminentemente
cualitativos, de analisis del movimiento en 3D, electro-
micgrafia de superficie, posturografos o baropodometria que
nos pueden dar datos del scomas wtiliza el paciente lo que
tiene y a veces nos dan respuestas al «por qués, evidente-
mente con alta validez clinica. Un buen ejemplo de la
importancia de uma evaluacion cualitativa es el estudio
de la marcha humana. Para este cometido disponemos de
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sistemnas de evaluacion cuantitativos que miden los parame-
tros basicos de la marcha (simetria, velocidad, cadencia,
longitud del paso, ete.). Estos sistemas aplicados a, por
ejemplo, un paciente hemipléjico con un pie equino nos
pueden detectar alteraciones en estos parametros e inclusa
objetivar evoluciones positivas o estabilizaciones. Por el
contrario, un sistema de medicion cualitative, como el
analisis de la marcha en 3D con electromiografia dinamica
nos puede dar informacion objetiva y mauy valiosa en
relacion a la naturaleza u origen del pie eguino [espastici-
dad, debilidad, co-contracciones) que ayuda a tomar
decisiones terapeuticas dirigidas, es decir, mucho mas
validas'®. En definitiva, tanto los sistemas cuantitativos
como los cualitatives son de un interés muy alto en los
procesos de rehabilitacion, los primeros mas en fases
intermedias y los segundos mas al final del proceso. En tode
caso, permiten modular y decidir muieves tratamientos,
planificar el retorno a la participacion o reincorporacion
laboral u objetivar secuelas. En este (ltimo sentido, en los
ultimos afos estd creciendo muchisimo su aplicacion
evaluadora y médico-legal, sobre todo en pacientes afectos
de lesiones ocupacionales.

En este punto, surge la cuestion de como seleccionar los
dispositivos mas adecuados. Evidentemente, el primer
escollo es el economico. Mo hay practicamente sistemas
biomecanicos baratos. Probablemente éste es el aspecto
gue limita mas el desarrollo de la disciplina en la clinica. La
utilizacion de pruebas cuantitativas, como algun tipo de
dinamdmetro, ya esta mas o menos establecida, aungue su
difusian ne es ni mucho menos general, en muchos entomas
clinicos. Por el contrario, las cualitativas y especialmente
los sistemas de analisis del movimients, no generan tanto
consenso. Agui se identifica uno de los mitos de la
biomecanica: los sistemas de andlisis del movimiento son
muy complicades y poco factibles en la practica clinica. Esta
aseveracion es parcialmente cierta. Es verdad que se trata
de una aproximacion mas compleja ¥ gue reguiere un
esfuerzo de formacion v el trabajo en equipo con bisinge-
nieros, pero por otro lado, solamente la incorporacion de los
clinicos en el equipo puede dar contenido de validez a estas
pruebas. Precisamente, este debate esta de actualidad en
referencia a la utilizacion clinica del analisis del movimiento
en 30 para la planificacion guirdrgica en pacientes con
paralisis cerebral infantil y otros objetives. Concretamente,
la bibliografia refiere qgue se requiere una mayor implicacion
de clinicos e interaccion con los bioingenieros en este
cometido para enriquecer la validez de estos sistemas®',
En definitiva, no son menores los escollos a superar
{economicos, formacion, etc.) pero seria imprescindible
una mayor implicacion de los clinicos para dotar de validez
las pruebas y por tanto enriquecer la practica clinica.

Un punto fundamental en las pruebas biomecanicas es su
fiabilidad. Existe la idea de que la precision (derivada de su
calidad intrinseca) de los dispositivos biomecanicos asegura
su fiabilidad. Mada mas alejado de la realidad. De hecho, la
fiabilidad, que esta en la base de la validez, es un tema
mayor y complejo en las pruebas biomecanicas, Un test
biomecanico es una experiencia singular en gue uno o varios
examinadores evalian mediante un dispositivo mas o menas
complejo un sujeto o paciente que realiza una accion. Por
tanto, se pueden identificar multiples factores que pueden
afectar la reproducibilidad'’. En primer lugar los derivadaos

del dispositivo comao La calibracion o el proceso de los datos.
En segundo lugar los relacionados com el procedimiento
finstrumentacion del paciente, posicionamiento, fijacion,
aplicacion de electrodos, etc.) y protocolo de valoracion
(ndimeros de tests, periodos de descanso, estimulos verbales,
etc.). Finalmente los factores mas ligados a los observadores
(explicacion al paciente, interpretacion de dates, etc.) v,
miuy especialmente al paciente o sujeto en si (motivacion,
colaberacion, comprension, ete.). Como muy bien resume
Ovir'® en su Gltima monografia sobre isocinéticos, las
medidas derivadas de estos, y probablemente de todos los
dispositivos biomecanices, incorporan miltiples fuentes de
variacion, desde aspectos puramente [y aparentemente
sencillos) téecnicos hasta aspectos neuro-conductuales tan
complejos como la motivacion. No obstante, v a pesar de las
dificultades, la fiabilidad de las diferentes pruebas biome-
canicas ha sido establecida en diversas publicaciones. Como
por ejemplo para dinamémetros isocinéticos’ ', la dinamo-
metria isométrica de mano™, la baropodometria', la
posturografia™, la electromiografia dindmica'®*”, el anali-
sis del movimiento en 30 de la marcha™, de la columna
cervical®, y el hombro™ entre otros sistemas. Por tanto,
dado que en estos momentos la disciplina en su aplicacion
clinica esta, al menos en nuestro entorno, en sus inicios y la
divulgacion es fundamental, al disefar pruebas e informes
biomecanicos seria deseable facilitar las citas pertinentes y
reproducir con el maximo rigor las metodologias descritas.
Igualmente es de gran importancia anadir o reflejar los datos
de calibracion de los sistemas utilizados pues esta en la base
de la fiabilidad.

El tema de la emotivaciones de los pacientes merece una
abencion aparte porque el establecimiento de laboratorios
de biomecanica, que esta experimentado un gran auge en
los dltimos afos en Espafa sobre todo en centros de
rehabilitacion laboral ¥ en centros independientes dedica-
dos a la valoracion de secuelas, tiene mucho gue ver con la
evaluacion de este particular aspecto. Es decir, con el uso
medico-legal de los sistemas biomecanicos. Como se ha
comentado mas arriba, la motivacion o colaboracion del
paciente es fundamental para asegurar la fiabilidad v, al
mismo tiempe, la validez de la prueba. Por elle siempre es
deseable tener alelin dato que nos indique el nivel de
colaboracion en la realizacion de la prueba, sobre todo si el
resultado se ha de emplear en la determinacion de secuelas
y/o incapacidades. En la literatura encontramos parametros
diversos para analizar el nivel de colaboracion en algunas
pruebas biomecanicas. Asi, disponemos de la diferencia
excentrico concéntrico (DEC) para evaluar la maximalidad
del esfuerze en las pruebas isocinéticas™""; el coeficiente
de variacion ¥ el test de intercambio rapido para las pruebas
isométricas de fuerza de garra™; la relacion del coeficiente
de variacion con el recorrido articular para el analisis
de movimients de la columna cervical™ y la deteccion de
patrones afisiolégicos para la posturografia®, por ejemplo.
EL hecho de detectar, mediante alguno de los parametros
descritos, signos de falta de colaboracion implica una
consecwencia orucial: La prueba no es fiable y por tanto,
la valoracion del paciente no es valida. Por el contrario, no
necesariamente nos diagnostica el paciente de simulador.
He ahi una de las grandes fuentes de confusian que ha hecho
crear el mito de gue los sistemas biomecanicos son
detectores de simuladores. Em este punto es necesario
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puntualizar dos aspectos fundamentales. En primer lugar,
hay gue remarcar que se han identificado multiples causas
de falta de colaboracion en la realizacion de una prueba o
exploracion. A saber, dolor, miede al dolor, miedo a la
recaida de la lesion, ansiedad, depresion, falta de com-
prension v, finalmente, ganancias secundarias o simula-
cion®™. Por tanto, el diagndstico diferencial es amplie. En
segundo lugar, a pesar de que los resultados de tests
bismecanicos pueden constituir pruebas muy valiosas para
apoyar el diagndstico de simulacion, este se encuadra
dentro del universo de entidades psiguiatricas caracteri-
zadas por la produccion mas o menos consciente de sintomas
y signos falsos, por tanto su diagnostico compete a los
especialistas en psiquiatria o psicologia puesto que esta bien
definide en el Diagnostic and Statistical Manual of Mental
Disorders, fourth edition [(DSM-IV1*°. Asi, es altamente
recomendable evitar, en los informes de pruebas biomeca-
nicas, términos como sesimulador-ax, smagnificador-as,
wexagerador-as entre otros, y en su lugar utilizar términos
como «se registran datos afisiologicoss, «hay signos de falta
de colaboracions o «signos de esfuerzo submaximos. Por
otro lado, es de gran utilidad, sobre todo en wsos medico-
legales pero también en la practica clinfica habitual,
confrontar los resultados obtenidos en la prueba biomeca-
nica con los de la historia clinica, la exploracion fisica y los
de exploraciones complementarias mas convencionales.
Esto refuerza definitivamente la validez de las pruebas y
evidentemente requiere una alta implicacion de un clinico
en su realizacion e interpretacion. Las pruebas biomeca-
nicas no son ni mas ni menos que una fuente de datos mas
gue se anade a los que ya teniamos.

En definitiva, la biomecanica clinica cumple todos los
requisitos para convertirse en una nueva subespecialidad
dentro de la rehabilitacidn. Su futuro es altamente
dependiente de la implicacion de los medicos especialistas
en rehabilitacion. Pues estos, actuando con rigor y exigen-
cia, son los mas capacitados para lenar de validez clinica la
disciplina. Este objetive requeriria un esfuerzo de forma-
cion, incluyendo la materia de bicmecanica en los curriculos
de licenciaturas de medicina y programas de formacion de
especialistas, e inversion de los sistemnas de salud. Tedos los
esfuerzos se veran recompensadas con un gran salto
cualitativo de la rehabilitacion v evaluacion de los pacientes
con disfunciones y discapacidades secundarias a infinidad de
patologias, asi como con la apertura de vastos campos de
investigacion clinica y basica.
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Discussio GGeneral

Els resultats dels presents treballs indiquen que la dinamometria iso-
cinetica pot ser una eina valida en I'avaluacié de pacients musculo-
esqueléetics laborals.

En la base de la validesa dels tests isocinétics esta el que I'esforg sigui maxim. La determinacié
d’aquest fet mitjancant la utilitzacié del DEC es I'aportacié central d’aquesta tesi i els resultats
principals amb les dades practiques més importants estan resumits a la taula 2.

La present conclusié general es pot desglossar en diferents aspectes addicionals estudiats que
es discutiran articulacio per articulacio.
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28.5+£3.2

FD/FP de | Contrex | 20° (10°FD-10FP) | 10°s-40°s" | FD: |0.37 -0.26
canell
- - : :
33.6+6.1 |REd’es- | Contrex | 60°(55RI-5RE) | 30°s7-120°s" -0.
patlla
- 20° (55RI-35RI) | 10°s-40°s"" 0.46 |0.54 |-

DE: desviacié estandard; *DE no proporcionada a I'article, es reflexa el rang d’edats; RE: rotacio externa; FD: flexio dor-
sal; FPI: flexio plantar; FP: flexié palmar; F: Flexio; E: extensio; Rl: rotacié interna $ El promig d’edat i els resultats d’ho-
mes i dones es mostren barrejats en aquest estudi; H: homes; D: dones; n.c.: no calculable

Taula 2. Estudis on s’ha demostrat la utilitat del DEC en la deteccié d’esforgos submaxims: caracteristiques dels subjec-
tes, accié avaluada, dispositiu utilitzat, rang articular, velocitats, punts de tall als nivells de confianga del 95% i del 99% i,
finalment limit inferior de valor de DEC acceptable calculat restant dues DE del promig del DEC maxim. S’afegeixen i es
ressalten en color blanc, cursiva-negreta els resultats dels treballs recollits en la present tesi.
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6.1. Articulacié de I'espatlla

L'alta freqliencia de les lesions al voltant de 'articulacié de I'espatlla ha portat a que en la present
tesi s’hagi dedicat una atencié molt especial a aquesta articulacié. S’hi dediquen quatre treballs
(Chaler et al., 2002; Chaler et al., 2013; Chaler et al., 2007; Pujol et al., 2012) que primordialment
estan focalitzats en I’avaluacié de la sinceritat de I’esforg, la seva utilitat clinica i, també, en la
validesa dels resultats de les proves isocinétiques en la practica/decisions cliniques.

El primer article (Chaler et al., 2002) va ser una primera aproximacio en que es va utilitzar el RE/C
per intentar estimar la sinceritat de I’esfor¢ dels diferents grups musculars de I’espatlla (flexo-
extensors, rotadors i abdoadductors). En aquell moment I’'aproximacio es va estimar valida pero
el temps la va revelar insuficient i poc fiable, basicament per la alta variabilitat que presentava
el RE/C en pacients que realitzen un esfor¢c maxim. Val a dir, no obstant, que en aquell recull de
pacients les limitacions del RE/C per valorar la sinceritat de I’esfor¢ es varen compensar en part
realitzant una avaluacié molt exhaustiva de la forca muscular de I’espatlla abarcant totes les
accions enumerades més a munt. Aquest fet millorava la fiabilitat de la prova i la seva validesa
en la presa de decisions. En tot cas, cal destacar que en el nostre entorn va suposar la primera
vegada que es va utilitzar un parametre basat en la fisiologia de la contraccié muscular per ava-
luar la sinceritat de I’esforg.

L’article seglient (Chaler et al., 2007) va ser un pas molt important en I’avaluacié de la sinceritat
de I'esfor¢ durant la realitzacié d’una prova isocinética de rotadors externs. Els resultats de I'es-
tudi varen mostrar que el DEC era un parametre molt eficient en la deteccié de la sinceritat de
I’esfor¢ de rotadors externs durant una prova isocinética en voluntaris sans. De fet, els resultats
pel que fa a la poténcia del DEC varen ser extraordinaris doncs, en la mostra de subjectes sans,
el DEC va mostrar una sensibilitat i una especificitat del 100% utilitzant un punt de tall amb un
nivell de confianca del 95% (0.81). La figura 7 mostra I'imatge grafica d’aquest fet que ilustra
la gran poténcia d’aquest parametre en aquella mostra de subjectes sans (Chaler et al., 2007).
D’altra banda, la concordancia dels resultats del present estudi amb previs realitzats fins ales-
hores (Dvir & David, 1996; Dvir, 1997; Dvir, 1999; Dvir & Keating, 2001; Dvir, 2002; Dvir, Steinfeld-
Cohen, & Peretz, 2002; Dvir & Keating, 2003) en el sentit que el DEC submaxim era superior al
maxim, reforcava la validesa del parametre DEC.
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Figura 7. Representacio dels valors maxims i submaxims de DEC de rotadors externs en volun-taris sans (Chaler et al.,
2007). Destaca que no hi ha cap valor de DEC registrat en esfor¢ maxim (quadrats grocs) que estigui per sobre del nivell
de tall (linia discontinua a 0.81), ni cap DEC registrat en esfor¢ submaxim (quadrats vermells) per sota del punt de tall.
Per tant, la sensibilitat i especificitat son del 100% en ambdds casos per aquesta mostra.

D’enca que es va poder demostrar que el DEC era un parametre eficient en la detecci6 de la
sinceritat de I'esforg, la seva utilitzacio es va implantar en la practica quotidiana del servei de
rehabilitacié d’Egarsat per tal d’assegurar la validesa dels tests isocinétics de rotadors externs.
El segiient article (Chaler et al., 2013), central en la present tesi, recull I'experiencia de I’'us del
DEC en la practica diaria de les valoracions isocinetiques en I'entorn d’un servei de rehabilita-
cio6 laboral. Fins aquest moment només hi ha dos estudis on s’analitza la utilitat del DEC en 34
pacients de diferents diagnostics (Dvir, 2002) i en 44 pacients afectes de dolor lumbar cronic
(Dvir & Keating, 2003). En aquests moments, per tant, el present treball constitueix el recull més
llarg de pacients avaluats amb dinamometria isocinética i aplicacié del DEC en una articulacié
especifica. Els resultats d’aquest estudi varen ser molt reveladors pel que fa a la utilitat clinica
del DEC. No endebades, no hi ha constancia de que s’hagi fet cap recull més llarg de pacients
amb valoracions isocinétiques on s’hagi aplicat la utilitzacié del DEC. La conclusié general de
I’estudi es que el DEC va ser valid en pacients. No obstant hi va haver tot un seguit de troballes
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(resultats molt andomals en dones, proporcidé relativament alta de pacients amb un DEC molt
baix, fins i tot negatiu) que ens va portar als autors a definir uns nous punts de tall basats en
els resultats de I'extremitat sana dels pacients. Aquesta aproximacié va suposar una millora
molt substancial dels resultats, especialment de les dones. Cal remarcar que també es dona
per fet un efecte de I’edat (de fet el DEC de referencia que manegavem previament era calculat
en uns subjectes sans que tenien una edat mitja de 27.2 anys mentre que la mostra del present
treball tenia una mitjana d’edat de 47.78 i 48.48 anys per homes i dones, respectivament) i molt
probablement per fet de ser un pacient (i potencialment medico-legal). Comparant els resultats
del present estudi amb els estudis en que es va aplicar el DEC en poblacions de pacients (Dvir,
Steinfeld-Cohen, & Peretz, 2002; Dvir & Keating, 2003), crida molt I'atencié que en el present
estudi el percentatge de pacients etiquetats de “no col-laboradors” era molt més alt que en els
estudis previs. Aquest fet es remarcable i, molt probablement, degut a causes poblacionals
o de la peculiaritat del centre on s’ha realitzat I’estudi. Es probable, també, que la mostra del
present estudi sigui esbiaixada cap a pacients en situacio medico-legal. Es a dir, que les proves
isocinétiques amb I'aplicacié del DEC es tendeixen a seleccionar per avaluar pacients amb més
probabilitat de mostrar una situacié medico-legal que més facilment pot comportar manca de
col-laboracié. En tot cas, els resultats també indiquen la probable limitacié de la utilitzacié de
valors de referéncia de DEC extrets de voluntaris sans en poblacions de pacients. Tot plegat,
fa extremadament necessari avaluar cas per cas, amb molta cura i prendre conclusions amb la
maxima prudéncia en la practica clinica quan es fan exploracions de la forca muscular mitjan-
cant la dinamometria isocinética. No cal dir que calen i, per tant, es faran molts més estudis en
poblacions de pacients amb I'objectiu de definir millor el paper del DEC en aquest entorn, molt
especialment, quan s’imbrinquen aspectes medico-legals.

En tot cas, en aquest recull de pacients, es molt destacable, des del punt de vista de la validesa
clinica, que I'avaluacio dels resultats dels déficits de pacients (homes, doncs no hi havia prou
dones per analitzar) que es van etiquetar de col-laboradors maxims varen mostrar una tenden-
cia a la correlacié amb la severitat del diagnostic i, pel que fa als resultats funcionals finals, una
correlacié excel-lent. Aixi s’observa que els pacients que varen requerir tractament quirdrgic
mostraven uns déficits superiors en totes les medicions que els pacients no quirdrgics. Pel
que fa al resultat funcional final, si que es pot demostrar que els que varen acabar amb curacio
sense sequela presentaven uns déficits significativament inferiors als que varen acabar amb se-
quela en totes les medicions (veure la taula 3). Es de destacar, malgrat la bona correlacio entre
la presencia de sequeles i el déficit de forga de rotadors externs, el resultat de la prova no era
la Unica eina de decisi6 de sequela laboral a I'alta. Aquesta troballa és d’una gran importancia i
indica d’una manera molt nitida la validesa de les proves dinamomeétriques en pacients laborals
sempre que s’hagi assegurat la maxima col-laboracié amb I’Us de parametres com el DEC. No hi
ha constancia de estudis previs en que s’hagi avaluat la validesa de la dinamometria isocinética
en pacients laborals.
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Deéficit isocinétic de rotadors externs (%)

30°:s' conc 30°-s' exc 120°s'conc 120°s' exc

Tendinopatia manegot (n=9) 26.60 £ 38.35  16.43 + 21.41 30.12 £ 33.58  13.51 + 24.97
Pacientsquirargics (n=7) 47.98 + 37.34 31.60 + 23.32 41.16 + 29.61 27.39 £ 23.52
Curacié complerta (n=15) 19.22 +34.77 9.88 + 18.24 19.62 £+ 31.99  8.96 + 20.89
Algun grau d’incapacitat (n=10) 58.86 + 17.65* 38.38 + 21.31* 50.89 + 15.82* 32.52 + 19.75*

Conc: contraccié concéntrica
Exc: contraccié excentrica

* Els pacients amb una discapacitat final mostraven uns déficits de rotadors externs significati-vament més alts que
els que no van patir discapacitat laboral.

Taula 3. Es representen els déficits de rotadors externs(en % i en les modalitats de contraccié concentrica i excéntri-
ca i velocitats alta i baixa) del grup d’homes que es varen catalogar de col-laboradors maxims. Es comparen els dos
grups diagnostics principals (patologia de manegot no quirdrgica i patologia de manegot quirdrgica) i els dos resultats
funcionals finals principals (curacié versus qualsevol tipus de sequela). Cal destacar que els pacients que varen aca-
bar amb algun tipus de discapacitat/sequela pel que fa al seu treball (Lesié permanent no incapacitant, incapacitat
laboral parcial o incapacitat laboral total) mostraven uns deficits significativament mes alts que aquells que van acabar
amb curacié. Els pacients quirdrgics també mostraven deficits superiors als no quirdrgics perd en aquest sense signi-
ficacio estadistica.

El darrer estudi de la serie de treballs dedicats a I’espatlla (Pujol et al., 2012) també suposa una
aproximacio inedita al tema del DEC, en tant que es va assajar un mateix protocol de detecci6
de un esfor¢ submaxim de rotadors externs en un dispositiu diferent. Mentre el primer estudi
(Chaler et al., 2007) va ser realitzar en un dispositiu isocinétic Cybex Norm, el segon (Pujol
et al., 2012) es va dur a terme en un dispositiu Contrex. Com era d’esperar, aixd0 comporta
canvis en el nivell de tall del DEC (mentre en el primer estudi el punt de tall era 0.81 amb un
95% de confianca, en el segon 0.58) i, el més important, la sensibilitat en el Contrex es molt
més baixa (50% en el present estudi front un 100% en el previ) mentre que la especificitat es
manté (100%). Un altre aspecte que es va avaluar en aquest estudi es la eficiencia del DEC en
la deteccio de la sinceritat de I’esfor¢ de rotadors externs en una prova feta en un rang curt
(20°). Aquesta aproximacié, proposada en diverses ocasions pel professor Dvir, s’ha mostrat
eficac en I'avaluacio de la flexo-extensié de colze, flexo-extensid d’espatlla i tronc (Dvir, 1997;
Dvir & Keating, 2001; Dvir, Steinfeld-Cohen, & Peretz, 2002). En el present cas, també s’ha
demostrat eficient i amb una molt bona especificitat (100%), no obstant la seva sensibilitat es
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molt baixa a un nivell de confianca del 95% (18.75%) i aix0 fa que la seva utilitzacié hagi de
ser amb una extrema precaucié. Es evident que la utilitat del DEC en aquesta accio6 especifica,
en rang curt, es molt limitada seguint els presents resultats. En tot cas, cal més investigacié en
aquest aspecte per acabar de definir el paper del rang curt en I’avaluacioé de la rotacio externa
d’espatlla.

6.2. Articulacio del Canell

El primer article dedicat al canell (Torra et al., 2012) preten definir la eficiencia del DEC en la
deteccié de la maximalitat de I'esfor¢ de flexors dorsals i palmars. Efectivament el DEC es
demostra eficient per aquest objectiu. Aixi, pels primers, el nivell de tall amb una confianca
del 95% es de 0.384 mentre que pels segons es 0.317. En aquest cas, la sensibilitat es més
que acceptable amb un nivell de confianga del 95%, superior no obstant en la detecci6 de
esforcos submaxims de flexors dorsals (71.4%) que palmars (62.5%). Es la primera vegada
que es demostra la efectivitat del DEC en I'avaluacié de flexié dorsal i palmar de canell. La
seva possible utilitat clinica i medico-legal es enorme i, de fet, ja s’estan recollint pacients,
eminentment afectes d’epicondilitis. No endebades es tracta d’una de les patologies laborals
meés freqlents.

Els segients tres articles (M. A. Mahanas, Rojas, Mandrile, & Chaler, 2005; Rojas, Mananas,
Mdller, & Chaler, 2007; Unyo et al., 2012) estan precisament centrats en I'estudi de I'activitat
eléctrica i la produccié de forga isocinética de la musculatura de I’avantbrag¢ en pacients amb
epicondilitis antiga. Els resultats principals mostren, a part d’una activacio electromiografica
diferenciada de la musculatura de I'avantbra¢ durant la produccié d’esforgcos isométrics, un
desequilibri muscular mesurat per dinamometria isocinética, de manera que en els pacients
que han patit una epicondilitis (no activa en el moment de la mesura) es detecta una predo-
minancia dels flexors palmars sobre els dorsals. No tenim coneixement que aquesta troballa
s’hagi comunicat mai i la seva confirmacié podria afegir una data molt important que podria
millorar els plantejaments preventius i terapeutics en pacients afectes o en risc de patir epi-
condilitis. Els desequilibris musculars han estat identificats en altres nivells i relacionats amb la
predisposici6 a patir diverses patologies: lesions de isquiotibials (Croisier, Ganteaume, Binet,
Genty, & Ferret, 2008) i supraespinés (Page, 2011); per tant, la seva identificacié pot ser fona-
mental en el tractament i prevencié de lesions. Es molt destacable aquesta darrera possibilitat.
De fet la deteccid de desequilibris musculars mitjangant dinamometria isocinética, que poden
ser I’avantsala de lesions li donen a la técnica una validesa predictiva molt interessant. L’apli-
cacié en pacients laborals amb risc de patologia d’extremitat superior podria ser molt valida
de cara a prevenir lesions tan prevalents com la epicondilitis mitjangant la preparacio fisica i
la monitoritzacié de la mateixa.
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6.3. Articulacié del genoll

El primer article centrat en I'avaluacié isocinética del genoll (Saenz et al., 2010) explora la fiabi-
litat de la dinamometria isocinética en I'avaluacié de la fatigabilitat de la musculatura flexo-ex-
tensora. Els resultats presentats varen mostrar una alta fiabilitat del parametre treball total (“total
work”) i, per tant, indiquen que la dinamometria pot ser valida en I'avaluacié d’aquest aspecte
del rendiment neuromuscular.

El darrer article (Chaler et al., 2001) es tracta d’un descriptiu de pacients laborals intervinguts
de ruptura de lligament encreuat anterior que realitzaren la rehabilitacié mitjancant I'aplicacio
d’un protocol accelerat. Aquest protocol havia estat desenvolupat per tractar esportistes. En el
present treball es mostren aspectes sobre la seva efectivitat en pacients laborals. Com en el cas
dels esportistes, la dinamometria isocinética mostra la seva validesa en la presa de decisions en
el procés de rehabilitacié. Especificament, cal destacar la major debilitat d’extensors mesurada
per dinamometria isocinética en pacients que patien com a complicacié un dolor anterior del
genoll. Aixd és un signe que pot indicar la validesa de la mesura en la practica de la rehabilitacié.
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Capitol 7

Conclusions

El DEC es un parametre efica¢ per detectar el esfor¢ submaxim de rotadors externs de
I’espatlla en subjectes sans (Chaler et al., 2007).

El DEC pot ser util en I’avaluacio de la sinceritat de I’esfor¢ de poblacions de pacients amb
patologia musculoesquelética de I’espatlla. No obstant, els valors de referéncia obtinguts
en voluntaris sans poden no ser valids i, per tant, es proposen valors calculats a partir de
la extremitat no afecta dels pacients. Aquesta aproximacié millora la validesa de la prova
(Chaler et al., 2013).

e Les dades de disfuncié muscular de I'espatlla de pacients mesurades mitjangcant dinamo-
metria isocinética poden tenir validesa en la presa de decisions cliniques en I'entorn de la
rehabilitacio laboral (Chaler et al., 2013).

En avaluacions isocinétiques de la forca muscular de rotadors externs utilitzant un rang articu-
lar curt, el DEC pot ser una eina valida per analitzar la sinceritat de I'esfor¢ (Pujol et al., 2012).

e El DEC es un parametre valid per avaluar la sinceritat de I’esfor¢ durant la realitzacio de
proves isocinetiques de flexors dorsals i palmars del canell (Torra et al., 2012).

En pacients antics d’epicondilitis, la EMG de superficie de la musculatura de I’avantbrac per-
met identificar patrons d’activacié especifics significativament diferenciats de subjectes sans
(M. A. Mananas, Rojas, Mandrile, & Chaler, 2005; Rojas, Mananas, Mliller, & Chaler, 2007).

0 La realitzacié d’una avaluacié de forca muscular isocinética a antics pacients d’epicondilitis
mostra un desequilibri de la musculatura de I'avantbrac¢ consistent en una debilitat relativa
dels musculs flexors dorsals respecte als palmars. Per tant, un desequibri muscular podria
predisposar al desenvolupament d’una epicondilitis (Unyé et al., 2012).

e L’avaluacié de la fatigabilitat de musculatura flexoextensora de genoll mitjangant dinamo-
metria isocinetica es fiable (Saenz et al., 2010).

Els protocols accelerats de rehabilitacié després d’una plastia de lli-gament encreuat anterior
son factibles i eficaces en pacients laborals. Pel que fa a la forgca muscular, la dinamometria
isocinetica es valida en la monitoritzaci6 i avaluacio dels resultats finals (Chaler et al., 2001).

Conclusio general: Per avaluar els resultats de la rehabilitacié de pacients laborals amb trastorns
musculoesquelétics, la dinamometria isocinética es una eina fiable i valida que permet la presa de

decisions cliniques i medico-legals. En aquests entorns, on és molt important disposar de mesu-
res per estimar la sinceritat de I’'esforg, el DEC representa una bona opcié.
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Capitol 8

Epileg

“(...) tot metge ha d’investigar, i no només per descobrir alguna cosa {(...)
Perqué la investigacio ensenya a pensar, i aquesta disciplina millora la
flexibilitat cognitiva: la clau de la bona praxis médica.”

Peter Wagner

President de la Societat Americana de Fisiologia

Editor en cap Journal of Applied Physiology i Journal of Clinical Investigation
Extracte de I’entrevista feta per Lluis Amiguet

Secci6 “La Contra” del diari La Vanguardia. Dijous 3 de gener de 2013

La frase del Prof. Wagner, que encapc¢ala aquesta seccio, la vaig llegir quan estava ordenant totes
les idees que he anat desenvolupant en aquest treball. La veritat es que reflexa d’una manera
nitida un pensament que tenia i que mai hagués pogut expressar millor. L’activitat de recerca i la
practica clinica no sén dos aspectes excloents sino complementaris i les fites assolides en recer-
ca milloren la practica clinica i a I'inrevés. Ho he viscut personalment durant tots aquests anys,
mentre pensava com dissenyar, desenvolupar, analitzar, interpretar i escriure treballs cientifics
millors, alhora millorava la manera d’afrontar (concretament en el camp de I'avaluaciod) els pacients
que han passat per les nostres mans per rehabilitar-los. En els annexos 1 i 2 es pot veure com
ha evolucionat I'informe de valoracions isocinétiques i sinceritat de I’esfor¢ que fem a Egarsat.
Es veu com vam comencar amb una aproximacié amb parametres de consisténcia i hem acabat
refiant-nos plenament en parametres fisiologics com el DEC. Tot ha estat fruit d’una dedicacid,
que ha estat esperonada per 'ansia de coneixer, i també per una gran dosi de curiositat en el
que esta “realment” passant als pacients. Ha estat (i continua essent) una aventura intelectual de
primer ordre que en I’entorn en que treballo crec que ha millorat d’una manera molt substancial
la practica de la meva especialitat: la rehabilitacié. Realment, hores d’ara, no em puc imaginar la
practica de la rehabilitaci6 musculoesquelética sense la realitzacié de proves biomecaniques en
general i dinamomeétriques en particular. Es per aixd que penso que un model de la rehabilitacié
on les consecucions d’aquesta es vagin avaluant i/o monitoritzant amb tests biomecanics i dina-
momeétrics hauria de estar generalitzat. Es més, crec fermament que el futur de la meva disciplina
passa per aqui: estandaritzar la utilitzacié clinica de les proves biomecaniques. Es per aixo que la
Dra. Garreta i jo ens vam decidir a enviar a publicar una editorial a la revista Rehabilitacion (Chaler
& Garreta, 2010) en que es reivindica aquest model. Estic segur que la implantacié de les avalu-
acions descrites en el present treball i moltes d’altres de I’ambit de la biomecanica revertirien en
un enfortiment i millora extraordinaria de la eficacia i eficiencia de la practica de la rehabilitacié.
En definitiva, suposaria una gran millora de I'atencié dels pacients lesionats i/o discapacitats, la
missi6 central de tots els que estem en aquest mon.

Estaria molt satisfet si aquest treball i d’altres com aquest contribuissin ni que fos una mica a la
progressié d’aquesta apassionant especialitat: la rehabilitacio.

Barcelona, 20 de febrer de 2013
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Annex 1. Primer Informe
dinamometria isocinetica amb
estimacio de la sinceritat de
’esforc realitzat a Egarsat



Fecha informe:

Nombre vy apellidos:
Edad:

Sexo:
Antecedentes
laborales:

Antecedentes

patologicos:
Diagnostico principal
Tratamientos
ortopédicos/
quirirgicos:

Médico responsable:

Articulacion evaluada

Metodologia de

evaluacion

18/12/98

52

Varon

Operario matadero municipal

Sin interés

Hombro doloroso en el contexto de cirugia de manguito

Intervencion sobre hombro derecho el 13/7/98:
Acromioplastia, liberacion del ligamento acromioclavicular y
adherencias de manguito y reparacion de supraespinoso.

Dr. Alcazar

Ambos hombros (flexoextension, abduccion, adducion y

rotaciones)

Se le explica al paciente el cometido de la evaluacion
isocinética: Analizar la fuerza muscular y sus posibles déficits
de una manera objetiva. A continuacion se calibra el
dinamometro isocinético (CybexNorm®) delante del paciente
y se realiza una exploracion fisica basica del mismo.

La prueba consiste en la evaluaciéon del hombro sano y el
afecto en los tres ejes mas arriba indicados mediante el
dinamometro. El protocolo de evaluacion es el descrito por
Mayer y cols. (1994)'. En todas las exploraciones se hacen 3

series:
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1%, 6 repeticiones de calentamiento a 60°/seg.

2% 5 repeticiones a 60%seg

3°. 5 repeticiones a 180%seg

(entre cada una de las repeticiones se deja 1 min de
descanso)

(Todas la mediciones se han hecho en el modo
conceéntrico dado que es el modo en que se registra
menos variabilidad en el test re-test)

(Los sets que se evaluan para el analisis son los dos

ltimos)

La Abduccion-adduccion ha sido explorada con el paciente en
sedestacion con un rango articular 180°-20°; la flexo-
extension con ¢l paciente en decubito supino en el rango
articular 180°-20°; las rotaciones en 60°-0-40° (en este caso la
rotacion externa se ha tenido que limitar a 40° por dolor). El
posicionamiento del paciente se realizo siguiendo los
estandares marcados por la casa comercial..
De esta manera han estado evaluados los dos hombros para
poder determinar el déficit. Con el objeto de evaluar posibles
inconsistencias en el esfuerzo realizado se ha realizado la
exploracion completa de los dos hombros dos veces dejando
30 min de descanso entre ellas.

Resultados:

e Exploracién bésica: Punto doloroso a la palpacion de troquiter
No atrofias evidentes
Cicatrices quirurgicas a nivel de cara lateral de hombro
Balance articular:
Elevacion 140
Rot externa 65

Rot interna L1
Balance muscular: FLEX 4/5; ABD 4-/5: RE 4/5
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e Actitud El paciente se ha mostrado colaborador a lo largo de la

exploracion.
e Media de los
parametros mas
relevantes st 822 AlY A2 S12° A12" 9/AR

Angulo 45 38 44 99 -16% +66% /

Angulo 104 100 71 60 4%  -18% /

Angulo 8 94 27 49  +1075% 81% /

Angulo 186 101 187 25 -84% -648% /

Angulo 34 32 36 3 -6% 2% /

Angulo 117 146 47 59 +25% +25% /

Angulo 47 54 35 34 +14% 3% /

Angulo 136 115 0 82 -16% - /
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81? $2' A" A2 S12B A1RM S/AY

Angulo 84 87 74 52 3%  30%

Angulo 9 78 12 13 +310% +8% |

Angulo 73 76 8 34 +4% +325% /

Angulo 63 78 31 9 +23% +196%  /

Comentario: La valoracion de los resultados la realizamos tomando como

base los indices de variabilidad para mediciones concéntricas
establecidos por Meyer y cols. Los valores de variabilidad por
debajo de estos no se pueden considerar como significativos:
Flexion: 19%

Extension: 18.3%

Abduccion: 16.6%

Adduccion: 18.2%

Rotacion externa: 18.4%

Rotacion interna: 20.6%

En lo que respecta al angulo en que se alcanza el peak torque
maximo, la variabilidad es mas importante, con lo cual se
interpreta que no es una medida tan atil. Solo se dispone de los
valores guia para:

Flexion: 41.1%

Extension: 30.7%
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Abduccion: 39.7%

Adduccion: 36.1%

Si analizamos los valores de la variabilidad en % del Peak
torque entre la primera y segunda pruebas observamos que en
7 ocasiones (en rojo) sobre 23 (hemos descartado la medicion
que compara la ADD a 180° por ser imposible calcular un %)
aparecen valores superiores a los de referencia. Al analizar
estos valores se observa que hay una concentracion de
disparidad entre las medidas sucesivas del peak torque en
FLEX/EXT a 180%s. El resto de los valores dispares en
relacion a los valores de referencia se dan exclusivamente en
el hombro sano en las medidas de ADD/ABD. la relacion test-
retest de las mediciones realizadas en el hombro afecto han
sido consistentes en todos los casos valorables excepto en la
prueba ya mencionada de FLEX/EXT a 180%s. Es
especialmente remarcable la consistencia plena de todos los
valores obtenidos en RE/RI.

La variabilidad de los angulos esta, en los casos valorables,
mayoritariamente dentro de los rangos de referencia excepto
en cinco ocasiones: La FLEX/EXT a 180°s en todos las
mediciones y la FLEX del hombro afecto a 60°s.

Se aprecia una disminucién del Peak torque al comparar la
extremidad sana y la afecta en todas las mediciones realizadas.
La FLEX y RE estan mas afectadas que la EXTy RI.
Paraddgicamente, teniendo en cuenta la patologia del paciente,
se da una disminucion mas importante de la fuerza de ADD
que la de ABD.

La observacion de las graficas a tiempo real, en que se
observan las 5 repeticiones, muestran en la mayoria de los

casos trazados en gran medida homogeneos.
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En resumen, considerando las mediciones de Peak Torque y
angulos hemos observado variabilidades por encima del los
rangos de referencia en el 26% de los casos. Dentro de estos,
en el 67% de los casos (8/12) ha acontecido en las mediciones
sobre FLEX/EXT a 180%s. El resto de variaciones relevantes
se dan en el hombro sano. Este hecho lo interpretamos como
una mala adaptacion del paciente a esta particular velocidad
angular y plano de movimiento (FLEX/EXT a 180°%s), por
tanto la consideramos no valorable. Las variaciones entre el
hombro sano y el patolégico son constantes (en el sentido de
desarrollar un menor peak torque en el afecto) y las
consideramos especialmente relevantes en el caso de la RE/RI
dado el alto grado de consistencia en las mediciones realizadas
en esta posicion. No encontramos explicacion a los peores
resultados de la ADD respecto a la ABD

Tanto por la actitud del paciente como por los resultados, con
la salvedad del tema ABD/ADD, no podemos concluir de una
manera rotunda que ha habido poca colaboracion.

En este contexto y en relacion con su actividad laboral
consideramos que puede realizar esfuerzos de una manera
segura siempre que no supongan la elevacion del brazo por

encima del nivel del hombro.

Fecha y firma:

R. Garreta J. Chaler
Nota: Adjuntamos los datos de calibracion del dinamometro, los

“reports” realizados por el software y las graficas en tiempo

real.
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' Mayer F, Hortsmann T, Kranenberg U, Rocker K, Dickhuth HH. Reproducibility of Isokinetic Peak
Torque and Angle at Peak Torque in the Shoulder Joint. Int J Sports Med. 15 S26-S31. 1994,
? Primera prueba en extremidad sana

* Segunda prueba en extremidad sana

* Primera prueba en extremidad afecta

*Segunda prueba en extremidad afecta

¢ Incremento entre la primera y segunda prueba en extremidad sana

7 Incremento entre la primera y segunda prueba en extremidad afecta

¥ diferencias en % entre la extremidad sana y la afecta

? Primera prueba en extremidad sana

= Segunda prueba en extremidad sana

" Primera prueba en extremidad afecta

12Segunda prueba en extremidad afecta

" Incremento entre la primera y segunda prueba en extremidad sana

'* Incremento entre la primera y segunda prueba en extremidad afecta

13 diferencias en % entre la extremidad sana y la afecta

@ Utilitat de la dinamometria en la rehabilitacié de patologia musculoesquelética en pacients laborals




Annex 2. Informe dinamo-
metria isocinetica amb
estimacio de la sinceritat de
‘esforc actual realitzat a
—garsat
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Informe meédic

Nom N° Expedient

CP 2012-8686

INFORME DINAMOMETRIA ISOCINETICA FLEXO-EXTENSORS DE ESPATLLA
Pacient de 31 a intervinguda de tenotomia de PLB el 9/5/12. Remesa per valoracio

dinamomeétrica al final de tractament rehabilitador.

Troballes:

Es registren uns DEC de flexors dins els rangs considerats com indicatius de bona col-laboracié
en la realitzacid de la prova (veure taula 4). En aquests context es poden valorar els déficits de
forga registrats en la mesura (veure taulal). Els déficits registrats son en tots els casos lleus,

es a dir, inferiors la 40%.

Conclusions:
En un context de bona col-laboracié es registren deficits de forca de flexors i extensors de

l'espatlla afecta lleus.

Dra. Roser Garreta Figuera
Cal. 16.242 Dr.: JOAQUIM CHALER VILASECA
Cap de Servei de Rehabllitacls Medicina Fisica i Rehabilitacio
NO Col, 08-27522-8
dilluns, 8 octubre 2012

poesee Onemm umivale, Mﬂ 4 egarsat Surna kagine <oad

iateirauviwal
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#egarsat RHB - Biomecanica aplicada

i | SUCTIAL Test isocinétic de flexid/extensié d'espatila
Sexe: Dona
N2 de contingéncia: 12 / 8686
Dia de la prova:  05/10/2012 Prova realitzada per: J. Chaler

Exploraci6
A I'exploracio fisica destaca un BA simétric. La pacient refereix dolor a la palpacié de corredera bicipital esquerre i no hi

ha signes d'afectacié de supraespinds

E

I
| Relaclo Flex/Ext sana { Relaclo Flax/Ext afectada
‘ excénirica concéninca ‘ excénirica { concenlrica
\ EE‘ 50 4 &i ’ Extensio i 50 J
8 g0 e . E 40
3 ) |
| 8 2 ar] Teweece.y Flexio E t 30 -
€ Bl eamrksesiei 20 PR
‘5 10 4 10 |==::::::..
L emm = P 3 - o e T — e
12 8 B a2 \ | 32 8 8 32
] Valociat angular [%s] Velocitat angular [“/s]
| ] Ll =
Figura 1 Figura 2
Taula 1: Valor "Peak torque” | Délicits Taula 2: Ratl FL/EX
Tauila 3: Ratl excéntric/concéntric Taula 4: DEC
DECFL| 0,06 0,11

Mitjana Daticit FL conedniric: 36%
Mitfana Datlcit FL. excéntric: 27%
Mitjana Daficit EX concéntric: 38%
Mitjana Daficlt EX excantric: 30%

Incldéncles en la prova:
Cap
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METODOLOGIA AMB SISTEMA CON-TREX

Descripcio de I'equipament
La exploracio es realitza amb dinamometre isocinétic CONTREX

Calibratge

El dinamdmetre es precalibrat 1 s’adjunten dades de la calibracid a I’annex 3.

Obtencio de consentiment informat del pacient
S'explica al pacient I'objectiu de la prova i en qué consisteix assegurant que ho enten.

Igualment se Ji comenten els possibles efectes secondaris. Al mateix temps s’interroga el
pacient i es revisa la historia per detectar possibles contraindicacions de la realitzacio de la

prova. Finalment se li fa signar un full de consentiment informat que s’adjunta a I’annex 2.

Descripcio del protocol (Dvir et al, 2002)

Es realtiza |'avaluacid dinamometrica dels flexo-extensors de l'espatlla en un recorregut
reduit a 16° (de 82° a 98° de flexi6) a 8%/ s i 32%s en modalitat concéntrica i excéntrica (4
repeticions de cada modalitat | velocitat de contraccid). A partir de les mitjanes de les 4
medicions de les dues extremitats es calculen els ratis excéntric/concéntric | el DEC
(diferéncia entre el rati excéntric/concéntric a velocitat aita i I' obtingut a velocitat baixa) per

tal d'estimar la cot-laboraci6 en la realitzacid d'esforg de flexié.
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Finalment es calculen els déficits de forga de l'afectada respecte a la sana.

Parametres avaluats i perquée
El PT (peak torque o moment de forga pic) es el parametre fonamental d’avaluacié de la

forga muscular isocinética 1 es el valor a partir del qual es fan tota [a resta de calculs (Dvir,
2004). De fet [’objectiu central de al prova es registrar els PT de Uextremitat afecta i establir
un deficit en comparar-los amb la sana {0 amb dades nommatives en el seu defecte).

En les proves dinamiques, estimar o establir d’una manera fiable el nivell de col-laboracid
durant la realitzacio de les mateixes es fonamental per garantir la veracitat de tota la prova.
El DEC es un parametre proposat per Dvir (Dvir, 2004) per tal d’estimar el nivell de
col-laboracié en les valoracions amb dinamometria isocinética.. La seva validesa ha estat
establerta en I’avaluacio de la forga muscular de diferents articulacions i accions. Entre elies
la valoracibé de la forca muscular dels flexo extensors d'espatlla (Dvir et al, 2002). Cal
remarcar que la determinacié de la validesa del DEC en ['avaluacié del nivell de
col-laboracié en realitzar un test isocinétic de flexo extensors ha estat realitzada en un
dinamometre Kin Com. Per tant, si s’aplica el protocol en un altre dinamometre (com el
Con-Trex), la utilitzacid dels nivells de tall proposats te menys fiabilitat. '
En alguns casos valorem els ratis agonista/antagonista que ens permeten acabar de definir-
los clinicament. No obstant, no tenim referencies fiables pel que fa a aquest punt.

Finalment, en casos d’afectacid bilateral comparem amb precaucid els registres de PT amb
dades normatives publicades previament (Dvir et al, 2002). En aquest punt, es important
tenir en compte que normalment aquestes dades normatives no es poden assumir com
perfectament valides per la nostra pobiacid i métode d'avalucié i que estan realitzades en

homes. Per tant la comparacio es purament orientativa.

Processament de les dades
A partir de les mitjanes de les 4 medicions de peak torque (els registres s’adjunten a I'annex

1) de les dues extremitats es calculen els ratis excéntric/concentric i el DEC (diferéncia entre
el rati excéntric/concentric a velocitat alta i I' obtingut a velocitat baixa) per tal d'estimar la

col+laboracio.

A continuacio, es calculen els déficits de forga de 'afectada respecte a la sana aplicant la

segient formula:
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- PT afecta

5 —1- x 100
Deficit =1 PT sana

PT= moment de forga pic promig

Aixi els deficits obtinguts s'expressen en %a.
Finalment es calculen els ratis agonista (RE) / antagonista (RI) per cada velocitat i modalitat

de contraccio.

Criteris
Un DEC > 0.36 és indicatiu de manca de col-laboracio en la realitzacié de l'esforg de flexio

amb un nivell de confianga del 95% (Dvir, 2002)

Els deficits > 20% es consideren rellevants: fins el 40% lleus, >40% moderats i >60% severs

(Dvir, 2004).

Bibliografia

s Dvir Z, Steinfeld-Cohen Y, Chava P, Identification of feigned Shoulder flexion
weakness in normal subjects. Am J Phys Med Rehabil 2002 81: 187-193
s Dvir. Z. Medicolegal applications. En: Z. Dvir, Isokinetics: Muscle Testing,

Interpretation and Clinical Application, Churchill Livingstone, London, 2004.
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ANNEX 1

Dades registrades per 1’aparell.
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Comparison, Speed Controlled Con-Trex M), human kinetics 1.7.3 Rlter V 1.7.3

12/8686 - ‘ B 05102002 Right Shauider Ext/fex tsokinenic dassic Con/Con 8/8
12:45:30 Measurement 1 repet. pause 5s, Gravity Correction, Low pass filter
- 05/10/2012 Right Shoulder Ext/Aex Isokinetic dassic Con/Con 8/8
12:44,33 Measurement | repet. pause Ss, Gravity Correction, Low pass filter
Il os/1012012 Rgnt Shouider Ext/Aex Isoiinetic dassic Con/Con 8/8
12:43:32 Measurement | reper. pause 5s, Gravity Correction, Low pass filter
B 0511012002 Right Snouider ExyRex Isokineuc dassic Con/Con 8/8
12:42:25 Measurement 1 repet. pause Ss, Gravity Corredtion, Low pass fiiter

Ext Flex

Tarqu& Nm) Torquef Nm)

1007 — 100 i

s0f 4

50

40

10

0
Position(deg) Poslton{deg)

—— et 4
Number of repetitions Ext [n] 1 1 1 1
MaxImum RoM Fxt [deg) -81.8 -81.8 -81.8 -81.8
Maximum RoM Flex (deg) -97.8 -97.8 -97.8 -97.8
Torgue max Ext [Nm] 48.1 49.8 48.4 523 |
Torque max Flex [Nm] -30.8 -32.7 -33.3 375
Torque max aver. Rex/ Ext (%) 64.1 656 68.9 71.7
Torque max aver. Ext/ kg [Nm/kg) 0.78 0.80 0.78 0.84
Torque max aver. Aex/ kg [Nm/kg) -0.50 -0.53 -0.54 -0.60
Peak Torque Var. Coeff. Ext [%]) 0.00 0.0 0.00 0.00
Peak Torque Var. Coeff. Flex [%] 0.00 0.00 0.00 0.00
Power average Rex/ Ext [%] 57.4 66.3 71.2 72.5
Peak Power Ext [w] 6.6 6.9 6.7 7.3
Peak Power Flex W] 4.8 4.9 5.2 5.8
Work average Fiex/ Ext [%] 57.2 66.5 70.4 72.1
Work average Ext/ kg [I/ka] 0.19 0.20 0.19 0.22
Work average Flex/ kg {J/kg) 0.1 0.13 0.14 0.16
Work fatigue Ext [Js] 0.00 0.00 0.00 0.00
Waork fatigue Fiex {J/s] 0.00 0,00 0.00 0.00

(4 HANS E. RUTH S.A.
CON-TREX human kinetics INSTRUMENTOS MEDICOS

printed: 05/10/2012 12:51:05 page /1
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Comparison, Speed Controlled

Con-Trex M}, human kinetics {.7.3 Riter vV 1.7.3

12/8686 - 05/10/2012 Right Shoulder Ext/Flex [sokinetic cassic Ecc/Ecc 8/8
12:45:48 Memyrement 1 repet. pause 605, Gravity Correction, Low pass filter
B 051012012 Rught shouider Ext/Rex soinetic dassic Eoc/Ecc 8/8
12:44:52 Measurement | rep#t. pause 25s, Grawity Correction, Low pass filter
05/10/2012 Right Shoulder Ext/Aex Isoknetic dassic Ecc/Ea: 8/8
12:43:55 Measurement 1 repet. pause 255, Gravity Correction, Low pass filter
. 05/10/2012 Right Shoulder Ext/Aex Isokinatic dassic Ece/Eot 8/8
12:42:47 Measurement | repet. pause 25s, Gravity Correction, Low pass filter
Ext Flex
Yorque Nm| Torque{ hm]
50 1 7 507
‘ |
\ | i
| |
| | Y
£ e -‘—‘—'—__\.\‘ i m%— ] |
T | |
| N | |
201 0 ! :
\
i | l 10 ‘ T
| | |
| L |
T s 8 B 88 0 92 94 9% 98 00 T m o 90 82 -9 -9 98  -100
Posigonfdeg) Poslion[deg)
Description Unit
Number of repelitions Ext fn] 1 1 1 1
Maximum RoM £xt [deq] -81.8 -81.8 -81.8 -81.8
Maximum RoM Flex [deg) -97.8 -97.8 -97.8 -97.8
Torque max Ext [Nm) -28.5 -28.6 -30.6 -33.8
Torque max Flex [nNm] 34.7 373 36.4 4.4
Torque max aver. Rex/ Ext [%] 121.7 130.3 119.0 131.4
Torgue max aver. Ext/ kg [Nm/kg) -0.46 -0.46 -0.49 -0.54
Tarque max aver. Rex/ kg [Nm/kg) 0.56 0.60 0.59 0.72
Peak Torque Var. Coeff. Ext [%] 0.00 0.00 0.00 0.00
Peak Torque Var. Coeff. Flex [%)] 0.00 0.00 0.00 0.00
Power average Aex/ Ext [%] 110.4 125.5 121.1 153.4
| Peak Power Ext W] 4.1 4.1 4.4 4.9
Peak Power Flex W) 4.2 4.4 4.5 6.2
Work average Fiex/ Ext [%6] 108.5 122.6 110.1 149.7
Work average Ext/ kg [I/xg] 0.11 0.10 0.12 0.12
Work average Flex/ kg [I/kg] 0.12 0.13 0.13 0.18
Work fatigue Ext [/s] 0.00 0.00 0.00 0.00
Work fatique Flex [3/s] 0.00 0.00 0.00 0.00
/4 HANS E. RUTH SA.
CON-TREX human kinetics Y S aeinos vencos
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Comparison, Speed Controlled

Con-Trex M), human kinetics 1.7.3 FAlter V 1.7.3

12/8686

Torque Nen)

- 05/10/2012

12:49:18

B osn0200
12:48:33

B oo

12:47:47

W oo

12:47.00

Ext

Right Shoulder Bxt/Aex Isolanebc dassic Con/Con 32/32
Measucement 1 repét. pause 55, Gravity Corraction, Low pass filter
Right Shoulder Ext/Fex Lsokinetic dassic Con/Con 32/32
Measurement 1 repet, pause 5s, Qravity Correction, Low pass filter
Ryght Shoulder Ext/ Aex lsoXnetic dassic Con/Con 32/32
Measurement | repet. pause 58, Gravity Correchon, Low pass filter

Right Shoulder Ext/Rex 1soknetic dassic Con/Con 32/32
Measurement L repet. pause 5s, G avity Correction, Low pass filter

sor- i

o—

Flex
Torgua Nin)
50

10 e

I

!
| / \
10

|
| 1
1

82 -m -86 -88 -80 92 - -96

-82 -84 -85 -88 90 -92 -84 -6 95 -100 -98 100
Positnn[deg] Posion{deg]
| Description Unit
Number of repetitions Ext {n] t 1 1 1
MaxImum RoM Ext [deq] -81.8 -81.8 -B1.8 -81.8
| Maximum RoM Flex [deq) -97.8 -97.8 -97.8 -97.8
! Torque max Ext [Nm]) 41.8 46.6 44.9 47.7
| Torque max Flex [Nm] -30.9 -32,1 -32.1 -31.3
Torque max aver, Hex/ Ext (%] 74.0 687 714 65.6
Torque max aver, Ext/ kg [Nm/kg] 0.67 0.75 0.72 0.77
| Torque max aver, Aex/ kg [Nm/kg] -0.50 -0.52 -0.52 -0.50
Peak Torque Var. Coeff. Ext [%] 0.00 0.00 0.00 0.00
Peak Torque Var. Coeff. Flex (%) 0.00 0.00 0.00 0.00
Power average Rex/ Ext [%] 72.5 63.4 59.3 66.8 F
Peak Power Ext W] 23.0 258 248 26.1
Peak Power Flex W] 17.2 179 18.1 17.4
Work average Fiex/ Ext [%a] I5.2 68.2 71.8 66.0
Work average Ext/ kg [kq] 0.16 0.18 0.17 0.18
Work average Flex/ kg [J/kal 0.12 0.13 0.12 0.12
Work fatique Ext [¥s] D.00 0.00 0.00 0.00
Work fatigue Flex [¥s] 0.00 0.00 0.00 0.00
HANS E. R
CON-'TREX human kinetics [E tmmiwm@mi&
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Compariscn, Speed Controlled

Con-Trex M1, human kinetics 1.7.3 fiter V 1.7.3

12/8686 . 05/10/2012 Right Shoulder Ext/Rex Isokinetic dassic Ecc/Ecc 32/32
12:49:31 Measurement L repet. pause Os, Gravity Correction, Low Dass flter
- 05/10/20v2 Right Shoulder Ext/Aex Isokinetc dlassic Ecc/Ecc 32/32
12:48:46 Measurement ) cepet. pausé 255, Gravity Correction, Low pass filter
05/10/2012 Right Shoulder Ext/Aex Lsokinetic dassic Ecc/Ect 32/32
12:98:01 Measurement 1 repet. pause 25s, Gravity Correction, Low pass filter

. 05/10/2012 Right Shoulder Ext/Rex 1sokinetic dassic Ecc/Eec 32732
12:47:14 Measuremenl 1 repet. pause 255, Gravily Correction, Low pass filter

Ext
Torqua Nm]

S0—

Flex

Description Unit

Number of repetitions Ext n]

Maximum RoM Ext [deg] -81.8 -81.8 -81.8 -81.8

Maximum RoM Flex [deq) -97.8 -97.8 -67.8 -97.8

Terque max Ext [Nm] -29.1 -31.5 -31.4 -30.4

Torque max Flex [Nm] 41.9 453 429 3.0

Torque max aver. Rex/ Ext [%] 1441 143.6 136.8 128.4

Torgue max aver. Ext/ kg (Nm/kg) -0.47 -0.51 -0.51 -0.49
Torque max aver. Rex/ kg [Nm/kg) 0.68 0.73 0.69 0.63
Peak Torque Var. Coeff. Ext {%)] 0.00 0.00 0.00 0.00
Peak Torgue Var. Coeff, Flex (%) 0.00 0.00 0.00 0.00
Power average Fex/ Ext (%) 151.4 157.5 150.6 259.7

Peak Power Ext wil 16.2 17.5 17.4 15.5

Peak Power Flex W] 220 24.0 24.0 21.4

Work average Flex/ Ext (%) 155.8 144.0 145.5 224.0

Work average Ext/ kg [I/ka) 0.10 0.12 0.11 0.07
Work average Flex/ kg [/kq] 0.15 0.17 0.16 0.15
Waork fatigue BExt [3/s] 0.00 0.00 0.00 0.00
Work fatigue Flex {¥/s] 0.00 0.00 0.00 0.00

CON"REX human kinetics

printed: 05/10/2012 12:52:28
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Comparison, Speed_C_qntroll___

12/8686

W o002

Ext

Torquée( Nm|

Con-Trex M], human kinetics 1.7.3 Alter V 1.7.3

05/10/2012 Left Shoulder Ext/Flex Isokinetic classic Con/Con 8/8
12:27:52 Measurement | repet. pause 5s, Gravity Correction, Low pass fifter

05/L0/2012 Left Shoulger Ext/Fiex lsokinetic classic Con/Can 8/8
12:26:52 Measurement L repet. pause 55, Gravity Correction, Low pass filter

Left Shouldes Ext/Flex lsokinetic classic Con/Con 8/8

12:25:54 Measurement | repel. pause Ss, Gravity Correction, Low pass filter

05/10/2012 Left Shoulder ExtjFlex Isckinetic classic Con/Con 8/8
12:24:18 Measurement | repet. pause 55, Gravity Correction, Low pass filter

50

a0

Torque{m)

Flex

T

=N\

+

-82 -84 -B -88 90

| V)

97 94 82 84 86 B8 50 -02
Posivon|deg] Pasiion(deq)

| Description Unit
Number of repetitions BExt [n] 1 1 t 1
Maximum RoM Ext [deg] -82.1 -82.1 -82.1 -82.1
Maximum RoM Flex [deg] -98.1 -98.1 -98.1 -98.1
Torque max Ext [Nm] 18.9 25.7 319 23.8
Torque max Flex [Nm] -17.9 -20.7 -22.6 -20.5
Torque max aver. Alex/ Ext [%] 95.1 80.8 71.0 66.9
Torque max aver. Ext/ kg [Nm/kg] 0.30 0.91 0.51 0.48
Torque max aver. Rex/ kg [Nm/kg] -0.29 -0.33 -0.37 -0.33
Peak Torque Var. Coeff. Ext [9%] 0.00 0.00 0.00 0.00
Peak Torque Var. Coeff. Flex (%] 0.00 0.00 0.00 0.00
Power average Aex/ Ext (%) 11,5 84.2 67.0 72.4
Peak Power Ext w1 3.0 3.9 4.7 9.4
Peak Power Flex W) 2.8 3.2 35 33 |
Work average Flex/ Ext (%] 95.5 85.3 75.2 68.2 |
Work average Ext/ kg [I/kg] 0.06 0.09 0.09 0.11
Work average Flex/ kg [J/kg] 0.06 0.07 0.07 0.08
Work fatigue Ext (3/s] 0.00 0.00 0.00 0.00

| Work fatigue Flex {J/s] 0.00 0.00 0.00 0.00

¢' ON- TREX human kinetics I [ mmuu&crgs MEDi%Qé
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Comparison, Speed Controlled Con-Trex M), human Kinetics 1.7.3 Filter V 1.7.3
12/8686

B 0511012012 et Shoulder Ext/Fiex isokinatic classic Eco/Ece 8/8
12:28°13 Measurement 1 repe. pause 60s, Gravity Correction, Low pass filter

- 05/10/2012 Left Shoulder Ext/Flex [sokingtic ¢lassic Ecc/Ecc B/8
12:27:13 Memsurement 1 repet, pause 255, Geavity Correction, Low pass filter

05/10/2012 Left Shoulder Ext/Flex sokinetic ¢lassic Ecc/foc 8/8
12:26:14 Measurement 1 repet. pause 255, Gravity Correction, Low pass filter

. 05/10/2012 Left Shouider Ext/Flex Isokinetic ¢lassic Ecc/Ecc 8/8
12:24:39 Measurement 1 repet. pause 25, Gravity Correction, Low pass filter

Ext Flex

Torque{ Nem) Tocque{ km)

T T T T T ]

| |
a0 -

i CO— =

of—- — -
82 84 -86 .88 -50 -92 -949 % 58 -100 -82 -84 86 88 -0 92 -84 -96 48 -100

— —— ——

Positon|deq ] Posiyon{oeg]
Descrlption Unit
Number of repetitions Ext [n] 1 1 1 1
Maximum RoM Ext {deg] -B2.1 -82.1 -82.1 -82.1
Maximum RoM Flex [deg] -98.1 -98.1 -98.1 -88.1
Torque max Ext [Nm] -16.8 -21.9 -23.2 -23.1
Torque max Flex [Nm) 17.4 204 25.4 27.2
Torque max aver. Aex/ Ext [%] 103.7 93.0 i09.4 147:5
Torque max aver. Ext/ kg [Nm/kq) -0.27 -0.35 -0.37 -0.37
Torque max aver. Aex/ kg [Nm/kg] 0.28 0.33 0.41 0.44
Peak Torque Var. Coeff. Ext [%) 0.00 0.00 0.00 0.00
Peak Torque Var, Coeff. Flex (%] 0.00 0.00 0.00 0.00
Power average Aex/ Ext [%] 985 98.1 923 105.9 |
Peak Power Ext w] 2.4 3.0 3.3 3.3 |
Peak Power Flex W) 2.5 2.7 3.4 3.5
Waork average Flex/ Ext [%] 98.9 97.8 100.6 106.1
Work average Ext/ kg [/kg) 0.06 0.08 0.09
Work average Fiex/ kg 1)kg] 0.06 0.08 0.09
Work fatigue Ext [¥s} 0.00 0.00 0.00
Work fatigue Flex [J/s] 0.00 0.00 0.00

HANS E. RUTH SA.
‘ ON-TREX human kinetics [E INSTRUMENTOS MEDICOS
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Comparison, Speed Controlled

Con-Trex MJ, human kinetics 1.7.3 Alter V 1.7.3

B o000

12:31:96
B o000
12:31:01

B o500
12:30015

B o002

12:29:26

12/8686

Ext
Torque(Nm]

Left Shoulder Ext/Flex Isokinebc ciaswic Con/Con 32/32
Measurement 1 repet. pause 5s, Gravity Correction, Low pass filter
Left Shoulder ExYFiex [sok netic ¢lassic Con/Con 32/32
Measurement 1 repel. pauseé 55, Gravity Correction, Low pass filter
Left Shoulder Ext/Flex 1sokinetic classic Con/Can 32/32
Measurement | reper. pause Ss, Gravity Correction, Low pass filter
Left Shoulder Ext/Flex Isokinetic classkc Con/Con 32/32
Measurement 1 repet. pause 5s, Gravity Correction, Low pass filter

Flex
Torquel N

50 e

11T

|

w0f

10 T

-82 -B4 -86 B8 -80 -92 -94 -96

-98  -100 -B2 -84 86 -88 -20 -92 94

98 -100
Fosiicn[deg) Posibon{deg)
Description Unit
Number of repetitions Ext [n] 1 1 1 1
Maximum RoM Ext [deg] -82.1 -82.1 -B2.1 -82.1
Maximum RoM Fiex {deg] -88.1 -98.1 -98.1 -98.1
Torque max Ext [Nm] 33.7 24.0 29.9 18.2
! Torque max Flex fNm] -22.9 -20.2 -20.9 -21.8
Torgue max aver. Aex/ Ext %] 68.2 84.4 69.9 119.4
Torque max aver. Ext/ kg [Nm/kg] 0.54 0.39 0.48 0.29
Torque max aver. Aex/ kg [Nm/kg] -0.37 -0.33 -0.34 -0.35
Peak Torque Var. Coeff. Ext [%) 6.00 0.00 0.00 0.00
Peak Torque Var. Coeff. Flex {%) 0.00 0.00 0.00 0.00
‘ Power average Aex/ Ext [%] 639 75.8 60.7 160.1
Peak Power Ext [w] 18.4 13.1 16.5 10.0
| Peak Power Flex w] 126 111 114 22
Work average Flex/ Ext (%] 64.6 77.3 711 144.6
Work average Ext/ kg [J/kg} 0.13 a.08 0.09 0.05
Work average Flex/ kg (Jkal 0.08 0.06 0.06 0.07
Work fatigue Ext (/5] 0.00 .00 0.00 0.00
Work fatigue Flex [¥s] 0.00 0.00 ) 0.00 0.00
CON-TREX 1uman kinetics I v INSTRUMEEP}TEJDSL'E-'D%C’)SL
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Comparison, Speed

Controiled Con-Trex M3, human kinetics 1,7.3 Filter V 1.7.3

12/8686

Ext
Torque{im)

. 05/10/2012 Left Shoulder Ext/Flex 1sokmnetic classic E¢¢/Eac 3232
12:32:00 Measurement | repet. pausé 0s, Gravity Correction, Low Dass filter
B 0511012012 Lo Shoulder ExtyRtex 1sokinetic classic Ecc/Ece 32/32
12:31:14 Measurement 1 repet. pause 25s, Gravity Correciion, Low pass filter
05/10/2012 Left Shoulder Ext/Flex Isakinetc classic Ecc/Eoe 32/32
12:30:28 Measurement | repet. pause 255, Gravity Correction, Low pass filter

- 05/10/2012 Lef Shoulder Ext/Flex Isokinebc classic Ec/Eee 32/32
12:29'40 Measurement | repes, pause 255, Gravity Correction, Low pass fitter

Flex
Torque Hm)

T

-82 -84 -86 -88 -50
Positicafdeg)

-92

Description

Number of repetitions Ext
Maximum RoM Ext
Maximum RoM Flex

Torque max Ext

Torgue max Flex

Torque max aver. Hex/ Ext
Torgue max aver. Ext/ kg
Torque max aver, Aex/ kg
Peak Torque Var. Coeff. BExt
Peak Tarque Var. Coeff. Flex
Power average Aex/ Ext
Peak Power Ext

Peak Power Flex

Work average Flex/ Ext
Work average Ext/ kg

Work average Flex/ kg
Work fatigue Ext

Work fatigue Flex

(deq] -82.1 -82.1 -82.1 -82.1
(deq] -98.1 -98.1 -98.1 -98.1
[Nm] 207 -19.3 24.1 2L |
[Nm] 34.7 28.3 349 30.1
[%] 160.3 146.9 145.1 142.6
[nNm/kg) -0.35 -0.31 -0.39 -0.34
[Nryg] 0.56 0.46 0.56 0.49
[%) 0.00 0.00 0.00 0.00
[%)] 0.00 0.00 0.00 0.00
[%] 233.7 124.1 124.5 106.1
W] 117 0.6 133 17
W] 193 15.7 19.4 16.7
[%] 196.8 141.9 143.8 1352
[)/kg] 0.06 0.07 0.08 0.08
[Ykg) 012 0.10 0.12 0.10
[3fs] 0.00 0.00 0.00 0.00
[s] 0.00 000 000 _0.00]

%0 92
Position{deg]

10/ S maam e ——1
\
|

-88

-84

_
[n] 1 1 1 1

e —————

I 4 HANS E. RUTH S.A.
[ T INSTRUMENTOS MEDICOS
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ANNEX 2

Consentiment informat signat pel pacient.
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HOJA DE CONSENTIMIENTQ INFORMADO

Sr./Sra.... — o). R

............................................. del Servicio de Medicina Fisica y
Rehabilitacién, me propone el procedimiente de evaluacion pericial consistente en:

‘R Estudio de la fuerza muscular con dinamometria isocinética, de
extremidades y/o columna lumbar (Sistema CON-TREX y/o Biodex).
Estudio de la fuerza isométrica de prension (Sistema DEXTER).
Estudio isoinercial de la columna lumbar (Sistema B-200).

Analisis cinematico y cinético del movimiento (Sistema CODA).
Analisis de la presion plantar (Sistema NOVEL).

Analisis del equilibrio con plataforma dinamica (Sistema SPS).

ooooo

Me informan de los posibles riesgos de la prueba y he podido preguntar libremente al
respecto, asi como solicitar ampliacién de esta informacion en cualquier momento.
Para que las pruebas sean ftables, debo colaborar al maximo, y que el nivel de
colaboracion es uno de los pardmetros que se valoran durante la prueba.

Considero satisfactoria la informacion recibida y otorgo mi consentimiento.

Firma del paciente

e
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ANNEX 3

Registres de dades de calibracio i
especificacions tecniques aparell.
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Standard calibration to 500 [Nm]

Date 28/06/2012 Mech. Module M) Mk2 Adapter Rotational Long
Time 11:49:55 -Serial Number 05402 -Serial Number 5038/1027
Location Mutua EGARA - Terrast Power Medule  PM-2Mk2i Weight Set Cal.Standard 5-5-10-1(
Tester Manel Marin -Serial Number 05402
Weight Stones S0 50 100 100
Seral Numbers 9003 9004 9013 90L4
Calibration
Positive Load [V] Negative Load (V) Cptimization [V]

L N Lhio b - . CrecH AN

Actual] _Nominall Actual] _ Nominal . Actual|__Nominal]

Adapter 0.240 0.242 -Adapter -0.244 -0.248/ Offset -0,004 0.000
‘300 [Nm] 6.242 6.241 =300 [Nm| 6241  -6.250] Symmet 6241 6243
Previous Calibration
Date Offset [V]___ | Adagter[V] | Max (V]
[ 28/06/2012 0.000 0.195 6.209
| 28/06/2012 -0.040 0.201 6.211

Change from the Last Validation o

28/06/2012]  28/06/2012] _ difference
Slope [my/Nm] 0.000 20,031 20.031
Offset (V] 0.000 -0.040 -0.04Q)

CON-TREX human kinetics

printed: 28/06/2012 12:18:51 page 1/ 1

@ Utilitat de la dinamometria en la rehabilitacié de patologia musculoesquelética en pacients laborals



Standard calibration to 500 [Nm]

Date 28/06/2012 Mech, Module M) Mk2 Adapter Rotational Long
Time 12:01:28 -Serial Number 05402 -Serlal Number  5038/1027
Location Mutua EGARA - Terras: Power Modufe  PM-2Mk2i Weight Set Cal.Standard 5-5-10-4(
Tester Manel Marin -Serial Number (5402
weight Stones 50 50 100 100
Serial Numbers 9003 9004 9013 9014
Calibration
Date: 28/06/2012, Time: 11:49:55
Positive Load (V] . Negative Load {V] Optimization [V]
Acuall Nomai | 1 acual|  Nominal! Actual| _ Nominal
' Adapter 0.240 0.242 -Adapter -0.244 -0.248 Offset -0.004 0.Q00
300 [Nm) 6242  6.241 -300 [Nm] 6241 6250 mmetry | -6.241] _ -6.243

Validation measured values

Positive Load [V] Negative Load [V]

Load|! Increase DecreaseﬁDevhtbn Hysteresls \ Load Ingn‘ease‘1 Decrease| Deviation H;s_t_eresis,

" 0[Nm] 0.242 0.242]  -0.004 0.000/ _ O[Nm)| -0.249] -0.244 0.000 0.005
l 50 [Nm] 1.241 1.241 -0.005 0,000] -50 [Nm] -1.246 -1.24) 0.003 0.005:;
100 [Nm]|  2.241 2241  -0.005 0.000, [-100 [Nm -2.244]  -2.242 0.003 0.002]
150 [Nm] 3.242]  3242] 0004 0.001 -150 [Nm]|  -3.243]  -3.2a3 0.003 0.000
fzoo inml| 4243|4243  -0003] _ 0.001 .:-_zoo Nm]| _ -4.242]  -4.242]  0004]  0.000
' 250 [Nm)]  5.244 5245  -0.001 0.00 -250 [Nm 5242  -5242 0.004 0.000
~ 300 [Nm]| _ 6.245 6.247 0.000 0.001 -300 [Nm]  -6.241|  -6.241 0.005 0.001

Output Voltage / Load

= —_—

87 2
! I ‘
6f R
| ! . | i ‘
‘ _ 4{ - tH & |
'w = . 1 p E
i 2t . t B
g + . ﬁ
\ g Dt m—l'——&——O—O—l'——O——-H—-—’-—f—f——-—.—*—-.k-—,4ﬂ £
§. =21 . v T E
8 v | &
-4 ™ t-1 E
L -
| '6{ ’ y = 0.0200x-0.0024]
r=1.0000 |
| g — - ——— e et _ )
|‘ -400 -300 -200 -100 0 100 200 300 400 |
\
I . Measurement Values (V) - Error Average [%FS] - Hysterisis {%FS]
1 [%FS) carresponds to 0.1 [V] and 5 [Nm).
Specified ecror for MJ Mk2 is 0.5 [%FS}, which corresponds to 2.5 Nm.
CON-TREX human kinetics
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System Scales Con-Trex MJ, human Wnetics 1.7.3 Alter M 1.2.3

Left Shoulder Ext/Fex [sokinetic classic Con/Con 8/8 05/10/2012
1D code 12/8686 Birth date 11/10/1980 Invaived Side  left

Last Name Sex Femalke [njury Date I/

First Names weight [kq) 62 Surgery Date  /f

Street Height [cm) 154 Diagnasls

Gity Sports activity  no Sports

2p ACtnty type aerobic Doctar

Tel. Prvate Sports Qperator Pacients

Tel, Business Insurance

Memo

37.5
|
| 180 I[
s 5
= =
7 // ///_/77’ s
.. [ HANS E. RUTH SA.
60” =4 TREX human kinetics l [ T INSTRUMENTOS MEDICOS
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@ Utilitat de la dinamometria en la rehabilitacié de patologia musculoesqueletica en pacients laborals



